
DOE/EIS-0049 

AiII/J r-/,rI\.li51 

FILE 
�COpy 

� 

Final Environmental Impact Statement 

Geothermal 
. Demonstration Program 

50 MW Power Plant 

Baca Ranch 
Sandoval and Rio Arriba Counties 

New Mexico 

U.S. Department of Energy 

January 1980 



Available from: 

National Technical Information Service (NTIS) 
U.S. Department of Commerce 
5285 Port Royal Road 
Springfield, Virginia 22161 

Price: 

Printed Copy: 
Hicrofiche: 

$15.00 
$15.00 



COVER SHEET 
FI NAL ENVIRONMENTAL IMPACT STATEMENT 

GEOTHERMAL DEMONSTRATION PROGRAM; 50 MWe POWER PLANT 
SANDOVAL AND RIO ARRIBA COUNTIES, NEW MEXICO 

DOE/EIS-0049 

(a) Lead Agency: U.S. Department of Energy 

Cooperating Agency: U.S. Department of Agriculture, Forest Service, 
Region 3 

(b) Proposed Action: The cost sharing by the Department of Energy and commer
cial partners in the construction and initial operation of a 50 MWe geothermal 
demonstration power plant in Redondo Canyon on the Baca Ranch in the Valles 
Caldera located in Sandoval and Rio Arriba Counties, New Mexico. 

(c) For Further Information Contact: (1) Mr. Bennie G. DiBona, Director, 
Division of Geothermal Energy, Office of the Assistant Secretary for Resource 
Applications, Mail Stop 3344, Federal Building, 12th and Pennsyl vania Ave. , NW, 
Washington, D.C. 20461, Ph: (202) 633-8909 or 8118; (2) Dr. Robert J .  Stern, 
Acting Director, NEPA Affairs Division, Office of the Assistant Secretary for 
Environme nt, Room 4G- 0 64, Forrestal Building, Washington, D.C. 20585, (202) 
252-4600 ;  or (3) Mr. Stephen H. Greenleigh, Esq. , Acting General Counsel for 
Environment, Room 6A-152, (202) 252- 6947. 

For Copies of the EIS Contact: Mr. Bennie G. DiBona at the address noted 
above. 

(d) Designation: Final EIS 

(e) Abstract: The statement assesses the potential environmental impacts 
associated with the construction and operation of a 50 MWe geothermal power 
plant at the Baca Ranch Location in Redondo Canyon within the Valles Caldera 
in New Mexico. Impacts assessed include potential interference with Indian 
religious and cultural practices; conflicts with future land use plans; 
possible threat to the National Natural Landmark status of the Baca Ranch; 
potential contamination of surface water and groundwater; possible non
compliance with the State ambient air quality standard for hydrogen sulfide; 
the presence on the site of a State-declared endangered species; potential 
impacts on a Federally declared endangered species; a potential for drawdown 
of surface springs; potential impact on water rights; possible induced 
seismicity; presence of sites of archeological significance; and potential 
impacts of transmission corridors through the Santa Fe National Forest, the 
Bandelier National Monument, and private recreation lands. Additionally, the 
statement presents an assessment of potential long range and cumulative 
impacts of possible future expansion of the resource to support a 400 MWe 
power plant complex. A post-EIS monitoring plan to assess the effectiveness 
of the planned mitigation measures is also presented. 

(f) The range of alternatives assessed includes no Federal action, delayed 
actiJn , selecting another location for the demonstration plant, and alter
native non-electric uses of the resource. Alternative power plant conversion 
cycles, and alternative transmission line corridors are also assessed. 

(g) The no-action period for the final EIS ends 30 days after its availa
bility is announced in the Federal Register weekly report of the Environmental 
Protection Agency. 
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1 .  SUMMARY • 

In pursuit of the Federal Geothermal Program obj ective to  accelerate 

the commercializat ion of geothermal energy in an environmentally s ound 

manner ,  the DOE is sued a program opportunity not ice (PON) on September 30 , 

1977 , inviting organizations to submit proposals for the des ign , cons truc

tion , and operation of a geothermal electric power p lant . The PON 

specified that the power plant mus t ( 1) use a liquid-dominat ed geoth ermal 

reservoir , and ( 2 )  be located in the United States . The obj ect ives of 

the PON were chosen to provide the maximum stimulus to non-Federal 

development of the widest spectrum of hydrothermal resources that can 

be used for electricity product ion .  

The Federal act ion addressed b y  this Environmental Impact Statement 

is j oint funding by the Department of Energy and commercial partners of 

a SO-MW(e)  geothermal well f ield , power p lant , and transmiss ion line at 

the Baca Locat ion in Sandoval County , New Mexico . The power p lant will 

utilize a s ingle-f lash s team separation system and mechanical-draft 

cooling towers and will use cooled geothermal f luid for cooling . The geo

thermal well field will initially cons is t of up to 17 wells producing 

f luid from an area of approximately 300 ha (746  acres) , includ ing up to 

17  new wel ls to be a�ded during the 30 years of operation . 

A 11S-kV transmis s ion line will be constructed from the proj ect 

s ite to the TA-3 substation near Los Alamos . The line will be capable of 

carrying up to ISO MW of capacity and will be approximately 30 km in 

length. The two rout ings proposed will traverse private land , port ions 

of the Santa Fe National Forest ,  and the Los Alamos Scientific Laboratory . 

One of the proposed routes will cross the Bandelier National Monument .  

The proposed p lant is situated along the Redondo and Jaramillo 

Creeks graben within the Valles Caldera , a maj or Quaternary vo lcanic 

center superimposed upon the western margin of the Rio Grande rift , a 

first-order tectonic feature . Vo lcanic rocks and caldera fill mater ial 

of Pleistocene age crop out at the surface , overlying a sequence of 

perhaps 3 800 m ( 12 , 400+ ft)  of older Quaternary and Tert iary volcanics , 

Tertiary sands , Paleozoic sedimentary rocks , and a Precambrian granitic 

basement comp lex . Redu ced heat f low values at the s ite are high , 
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exceeding 3�cal / cm2 . A gravity anomaly of 25 milligals is coincident 

with the proj ect area .  The closest known active fault zone , the Jemez , 

lies to the southwest of the Valles Caldera . No s ignificant seismic 

events have been recorded near the proj ect site .  

The geothermal resources of the proj ect area include both a liquid

and a vapor-dominated reservoir . The calculated we ight of f luid in place 

in the maj or , liquid-dominated reservoir is 1 . 8 x 1012 kg (4 x 1012 lb) . 

The average reservoir f luid temperature is in excess of 260°C (500°F) . 

The main product ion and inj ect ion zone is the lower Bandelier Tuff ; the 

upper Bandelier forms the caprock. 

The principal effluents from the power plant are nonflashed , hot 

geothermal fluid , which will be inj ected , and geothermal vapor released to 

the atmosphere from the cooling towers . The liquid contains s lightly 

concentrated dissolved solids , and the vapor contains small amounts of  

noncondensable gases , including hydrogen sulf ide . 

Releases of hydrogen sulf ide during normal operation will result in 

increases in H2S concentrations in the air of less than 2 ppb at the Baca 

boundary and less  than 10 ppb at other locations within the Baca Location . 

Accidents or abnormal operation condit ions may infrequent ly result in 

concentrations exceeding these values for infrequent intervals of up to 

several hours . 

Induced subsidence of the land surface resulting from geothermal f luid 

production is not expected to be likely or measurab le at the surface and 

may even be less signif icant than that occurring naturally . The proposed 

f luid injection pressures and temperatures are within a range not likely 

to initiate any s ignificant earthquake act ivity as a result of hydraulic 

fracturing or thermal s tress cracking of the reservoir rocks . Induced 

seismicity at the proj ect site will probably be obs cured by natural 

seismicity . 

Potent ial impacts resulting from development of the 50-M\oJ(e) geo

thermal we ll f ield , power plant , ::!nd transmission line ar,o: summarized 

in Tab le 1-1 and the following paragraphs . The impact on groundwater 

resulting from the prop osed action wtll be primarily to the deep (geo

thermal) sys tem in the vicinity uf the proj ect s ite ; shallm,:r aquifers 



Ecology 

(Sects. 4.1.4, 4.2.4, and 4.4.1.2) 

• Disturbance of important 

winter elk range 

• Loss of habitat for Jemez 

Mountain Salamander 

(state endangered spe�ies) 

• Potential effects on rare 

plant species 

• Increased stream sedi· 

mentation and possible 

damage to trout fishery 

Table 1.1. Summary of potential impacts of development of the SO·MW(e) geothermal well field, power plant, and transmission line at the Saea .it." 

Land use 

(Sects. 4.1.1, 4,2,1, and 4.4.1.11 

• Grazing and logging largely 

unaffected 

• Major recreational resources 

affected (decreased access· 

ibility and visual impact of 

transmission corridors) 

• Potential threat to designated 

National Natural Landmark 

• Possible conflicts with future 

public acquisition of the 

Baca property 

• Estimated land require· 

ments are: 

disturbance for plant and 

wells: 18.2 ha (45 acres) 

transmission line right· 

of·way; 

corridor 1: 97,5·106,7 ha 

(approximately 241·264 
acres) 

corridor 2: 112.8·126,5 ha 

(approximately 279·313 
acres) 

Geology 

(Sect, 4.2,5) 

• Induced subsidence and 

seismicity are very 

unlikely 

Socioeconomics 

(Sects. 4.1.5 and 4,2.7) 

Cultural resources Air 

(Sects. 4,1.5.2,4.1.7, and 4.4,1.4) (Sects. 4.1.3 and 4.2.3) 

• Minor effects Of disassociation • Potential impact on identified • Impact of release of 

approximately <6 
grams/sec (50 Ib/hr) of 

hydrogen sulfide during 

plant operation 

between costs of services and archaeological sites 

tax benefits 

• Potential impacts of increased 

traffic volumes on Indian 

Pueblos 

• Potential disruption or 

desecration of Indian 

religious sites, sacred 

areas or sacred objects 

(plants, animals, water, etc.) 

• Potential interference with 

access to Indian religious 

sites, sacred areas, or collect· 

ing grounds for sacred 

objects 

• Potential interference with 

Indian religious ceremonies 

• Withdrawal of geothermal 

fluids may affect dis· 

charge of Indian sacred 

springs 

• Impact of release of 

approximately 0.22 
kg/sec (1900 I b/hr) 

of cooling tower drift 

during plant operation 

Water 

(Sects. 4.1,2 and 4,2,2) 

• Consumptive water requirement 

of plant (107 kg/sec or 

820,000 Ib/hr) require. 

withdrawal of approx i· 

mately 5,67 ha (14 acres) 

of land from irrigation 

over the 30 year life of 

the plant 

• Geothermal fluid withdrawal 

will reduce the flow in the 

Jemez River by approxi· 

mately 0.78 liters/sec 

(12.36 gal/min) 

81dentification and quantification of the impacts of development of 150 MW(e) and 400 MW(e) is purely speCUlative and was not included in this table for that reason. The impacts which result from development to 150 MW(e) 

and 400 MW(e) will be similar to those presented in this table; however, their magnitude will differ. Discussions of the impacts of development of 150 MW(e) and 400 MW(e) are found in Sect. 4.5. 

f-' 
I w 
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will not be impacted unless accidental casing rup ture should occur . 

The maximum geo thermal reservo ir depletion during the 30-year life of 

the S O-MW(e)  power plant , at propo sed fluid withdrawal rates , will 

amount to about 9 8 , 690 , 000 m3 (80 , 000 acre ft ) . Reduction in the flow 

of springs and wells fed in part by geothermal reservo ir outf low is 

expected to occur ; however , the total amount of deplet ion is no t known 

at this t ime . If known geothermal discharges along the Jeme z River are 

derived from the production reservoir , the best avai lable estimate of 

Jemez River flow reduction as a result of geo thermal reservo ir drawdown 

is  approximately 0 . 78 liters/ sec (12 . 3 6 gal/min) , or 1% of the lowest 

recorded flow as of 3 0  years of plant operation . 

Evaporative losses may increase the to tal dissolved solids 

concentrat ion of the fluid by approximately 12% . Temperature degradation 

of the reservo ir is expected to occur because of the mixing of the 

relatively cool inj ection water with ho t reservo ir wat er . Pressure will 

decline wi thin the reservoir during fluid product ion . Past activities 

with private funding have disturbed approximately 8 . 1  ha (20 acres)  of 

vegetation . 

Over the 3 0-year life of the power plant , approximately 300 ha 

( 746  acres) of land wi thin Redondo Canyon wi ll be committed so lely to 

geothermal activities , of which 10 to 20% will actually be di sturbed by 

construct ion and well-f ield development . Compet ing land uses in Redondo 

Canyon are grazing , private recreational use , and religious and other 

cultural uses by the Pueblo s .  The greatest potential for land-use 

impact lies in the superposition of geo thermal power product ion upon a 

natural area surrounded by recreational sites , archaeological resources , 

and pub lic land s .  The maj or impacts  will b e  related t o  conf licts  with 

recreational uses of surrounding pub lic lands as a result of visual 

impacts of transmiss ion lines . The entire Baca Lo cation has been 

designated a nat ional natural landmark to pro tect the Valles Caldera . 

Geothermal development could be incompatible with the natural landmark 

s tatus . The Va lles Caldera is being considered for possible public 

acquisition . The proposed SO-MW(e)  plant and future geo thermal development 
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encouraged by its success could prove incompatible with use of the 

west ern portion of the Caldera as a potent ial future public park or 

recreation area . 

Impacts of the proposed proj ect on the terrestrial ecosystem will 

result from construc tion of the plant and transmission lines and well 

field development . Cl earing of  vegetation associated with these 

activities will be predominantly within the mixed-conifer vegetational 

community . The resultant loss of wildlife hab itat should no t signifi

cantly affect most species , however , two species have been identified as 

being of some concern . Areas within Redondo Canyon and along the trans

mission routes have been identified as habitat for the Jemez Mountains 

salamander , a species designated as endangered by the State of New 

Mexico . Construction of the plant , transmis sion line , and well pads 

will inevi tab ly result in some loss of salamander habitat . Mi tigat ion 

of these losses will be achieved by survey of and avoidance of prime 

habitat areas . Redondo Canyon has been ident ified as an elk winter use 

area . Dis turbance result ing from proj ect construction and operation 

will probably result in an unquantifiable loss of elk winter habitat . 

Sufficient data on the Jemez elk herd does not exi st to determine the 

s ignificance of the loss . 

Potential sedimentat ion of stream beds in Redondo Creek , San Antonio 

Creek , and the Jeme z River , resulting from erosion at the site during 

construction and well-f ield development , could be a threat to the aquatic 

b iota . Sedimentat ion of these streams would reduce the suitability of 

the Jemez River and San Antonio Creek (below Redondo Creek) for trout 

and could seriously diminish the recreational value of those fisheries . 

Because the geothermal fluids are to be reinj ected , neither surface 

water quality nor aquatic ecology should be adversely affected by normal 

plant operat ion . Accidental releases of geothermal fluids into Redondo 

Creek would have severe impacts on the biota of Redondo Creek . Concen

trat ions of arsenic , bromine , and iron in the Jeme z River during both 

low and average flows , af ter an accidental spill of  geothermal fluids 

into Redondo Creek , could be at levels toxic to fish and other b iota . 
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Socioeconomic impacts will be minimal because of the relatively 

small size of the proj ect . Farming productivity from lrrigated lands may be 
adversely affec ted by unmitigated flow depletion of the Jeme z River . Also , 

Indian Spring on Jemez Pueblo , used by the native Americans for bathing 

purpo ses , could be similarly affected by geothermal fluid production .  

Some aesthetic impacts will result t o  recreational areas nearby from 

heavy vehicles operating on the public road s during plant construct ion . 

Otherwise , no ise off  site will no t be above residential standards and 

may be totally inaudible . 

The proj ect is likely to infringe on Indian religious practices in 

one or more of the following ways : (1) by dest roying religious sites ; 

( 2 )  by destroying sacred obj ects including areas , plants , water , animals , 

b irds , tree s ,  and shrub s ;  ( 3 )  by increasing the opportunity for invasions 

of privacy ; ( 4 )  by contaminating and /or reducing the availab ility of 

water for sacred practice s ;  (5 )  by deplet ing the flow of sacred springs ; 

and (6 )  by interferr ing with access to religious sites . However , the 

full extent of any possible infringement is not known because information 

on the location of rel igious sites , dates and t imes of ceremonie s ,  and 

o ther specific informat ion on religious practices is no t known . DOE 

will consult with Ind ian religious leaders during the design , siting , 

and construct ion phases o f  the p roj ect in order to minimize the proj ect ' s  

impacts on areas of religious signif icance . DOE will also consult with 

Indian religious leaders throughout th� operating per iod of the fac ility 

to assure that interference with rel igious right s and practices is 

minimized . 

Impacts of the t ransmiss ion line will depend upon which route is 

chosen . Impacts to biota wil l result from clearing vegetation along the 

r ight-o f-way . Up to 3 8  km o f  the right-of-way along one proposed route 

is  within forest . Clearing will result in habitat alteration for wild

life species that depend upon closed-canopy , dense fores t .  Right-of-way 

clearing will create an earlier success ional vegetat ion of predominately 

shrubby species . This will create some hab itat for wild life species 

that prefer open canopy habitats . Cons truct ion activities along the 

line could result in the avoidance of the immed iate area around the line 



1- 7 

by sensitive wild life species during construction . Impacts  of the 

transmission line will be greatest in relation to the visual resources 

of the public recreation lands .  Line placement in the corridor will avoid 

areas of Ind ian religious and of other cultural or historic signif icance 

to the extent possible . Where avoidance is no t possible , areas will be 

ident ified to the adminis tering agency and mitigat ion measures as def ined 

in the appropriate mitigat ion plan will be followed . Both routes cross 

sensitivity-one travel routes and use areas and will be visible to 

recreat ional visitors to surrounding public lands .  

Al ternat ives t o  the proposed act ion are :  (1)  t o  delay or not 

pursue the proposed proj ect , ( 2 )  to utilize the resource through non

electric applicat ions , ( 3 )  to select another site within the Baca 

Locat ion , (4 )  to select another site at another geothermal area , and ( 5 )  

to  alter plant design and transmission line routes of the propo sed 

proj ect . An environmental trade-off analysis of these alternatives 

indicates that while some alternatives may be more environmentally 

attractive , they may be less attractive from the economic or technologic 

aspec t .  Be cause of the competitive selection process , alternat ives 

requiring a locat ion other than that proposed or maj or design changes 

might require another competitive award . 

Future expans ion up to 400  MW in the Baca Locat ion and more on 

leases outside the Baca may be encouraged by the 50-MW demonstration 

proj ect ; these potential impacts of this future act ivity are addressed 

in lesser detail than for the proposed Federal act ion . It is assumed 

that 150 MW o f  capacity may be constructed in Redondo Canyon , result ing 

in a factor of three times the impact for most areas of analysis . An 

additional 250  MW i s  assumed to be the po tential in the Sulfur and Alamo 

Canyon regions for the 4 00-MW total . 

Expans ion to 400 MW will require construct ion of  a 345-kV �rans

mission line along one of  five feasible routes out of the Baca Locat ion . 

Expans ion to 400 MW will represent an eight fold increase over the 

init ial 5 0  MW in the impact on vegetation and wildlife hab itat and 

sedimentat ion impacts on the Jemez River . Expansion to 400 MW could 

affect additional salamander hab itat and elk wintering areas as well as 
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af fect elk calving grounds in the Alamo Canyon Valles Seco area . It  

will also possibly affect peregr ine falcon habitat . Expansion will 

involve the Sul fur Creek watershed and the San Antonio Creek watershed 

and would potent ially af fect an impor tant trout f ishery in San Antonio 

Creek. The l ikelihood of an accidental release of hydrogen sulf ide is 

increased eightfold over that for 50 MW. Land use impacts of expans ion 

to 400 MW would accrue mainly from increased visibility of the well 

f ields , power plants ,  and cooling tower plumes from nearby public recrea

t ion areas and res ident ial developments in the Santa Fe Nat ional Forest . 

Because of uncertaint ies concerning connect ions between geothermal 

reservo irs in Redondo Canyon and elsewhere and connect i0ns to the 

shallow groundwater systems and surface water , hydrologic impacts of 

400 MW may not necessarily be increased eight fold . The extent of impact 

to surface water at 400 MW cannot be confidantly predicted . Because the 

400 MW of capacity will not a�l be in the same dra inage basin ,  amb ient 

H?S c o n c e n t r a t i o n s  will no t necessarily increase eightfold from the 

initial 50 MW. However , it is likely that the odor threshold will be 

exceeded in localized areas, especially near NM-4 south of the site . 

The magnitude of the effect of development beyond 50 MW cannot be predicted . 

However ,  the potential for infringement on Indian religious pract ices and 

sites will increase as the area assumes a more industrial character . 

Comment s on the DEIS were grouped into the maj or categories of 

(1)  inadequate analysis of expans ion beyond the Federal act ion , 

( 2 )  inadequate treatment of American Ind ian religious impact s ,  

( 3 )  critiques of  the technical methods o f  impact estimat ion , part ic

ularly for hydrology and air quality , ( 4 )  potent ial future public 

ownership of  the Baca Ranch , and (5)  transmission line alt ernative 

discus s ions . These comments have been included in Appendix I of the 

EIS , addressed generally in Sect . 1 2 , and resulted in expanded dis

cussion in appropriate sections of the EIS . 



2 .  DESCRIPTION OF THE PROPOSED FEDERAL ACTION 

SUMMARY OF CHANGES 

In response to comments in the DEIS , Sect . 2 . 5 of this document 

has been changed and expanded to describe potent ial development of 

geothermal resources in the Valles Caldera Known Geo thermal Resource 

Area (KGRA) as a result of this proj ec t .  

INTRODUCTION 

The Federal act ion addressed by this environmental impact sta tement 

is j o int funding by the Department of Energy (DOE) and commercial 

partners of a 50-MW (e) demonstrat ion geothermal power plant in nor thern 

New Mexico . These partners are Union Geothermal Company of New Mexico 

(Union) , who will develop the geo thermal st eam supply and disposal 

systems , and Public Service Company of New Mexico (PNM) , who will 

construct and operate the electrical generation and distribut ion 

fac�lit ies . This proj ect was selected by DOE from responses to a PON 

is sued September 30, 19 7 7 .  The PON invited organizat ions to submit a 

proposal to design , construct, and operate a geothermal electric power 

p lant us ing a liquid-dominated geothermal res ervoir . The purpose of the 

demonstrat ion plant is to demons trate the reliability,  economic 

feasibility , and environmental acceptab ility of electrical generation 

from two-phase (or "l iquid-dominated") geothermal resources . 

The proposed demonstrat ion plant will be located within the Valles 

Caldera at the Baca Lo cat ion about 30 km (19  miles) west of Los Alamos , 

New Mexico . The proposed power plant is a single-flash steam unit 

generating 50 MW (e) gro ss from 7l0-kPa (103-p si) st eam to be supplied by 

15 or 17 geothermal wells (number depends on res ervo ir productivi ty) . 

The geothermal reservoir is liquid-dominated ,  and st eam will be separated 

by flashing the flow trom several wells in satellite separators between 

the wellheads and the power plant , so that only saturated st eam flows to 

the power plant . Since only st eam reaches the turb ine from the wells , 

the power plant will be very similar ( from the standpoint of  power cycle 
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design) to the c�osed condenser system now being des igned and cons tructed 

at  The Geysers in northern California . 

This impact statement will evaluate the potential environmental 

impacts  resulting from well drilling, pipeline construction, and geothermal 

fluid withdrawal ; from power plant construction and operat ion ; and from 

t ransmiss ion line construction for the 50-MW (e)  demonstrat ion plant . 

A general discussion of  the potential consequences of further commercial 

deve lopment in the area of  geothermal energy beyond 50 MW(e)  following 

a successful demons tration is also presented . 

2 . 1  PURPOSE AND POLICY OBJECTIVES 

The goal of the Federal Geo thermal Program is to accelerate com

merc ial development of  geothermal energy in an environmentally sound 

manner . In pursuit of  this goal, a program oppor tunity no tice (PaN) wa s 

is sued to prospective offerers on September 30, 1 9 7 7, invit ing organiza

t ions to submit proposals to design, construct, and operate a geothermal 

electric power plant in the United States us ing a liquid-dominated 

geothermal reservoir . The obj ectives of the paN were selected to provide 

the maximum s t imulus to non-Federal development of the widest spectrum 

o f  hydrothermal resources usable for electrical production .  The proj ect 

described herein is that selected by DOE from responses to the paN . 

The obj ectives of  the demons trat ion plant are to provide informat ion 

on the economic, technologic, and environmental aspects of electrical 

generation from a l iquid-dominated resource . Current geothermal tech

nology in the United States is based on the generat ion of  electricity 

from a vapor-dominated resource and the use of liquid-dominated resources 

for nonelectrical app lications . Because all the geo thermal resources in 

the United States, with the except ion of those at The Geysers and two 

national parks, are likely to be liquid-dominated and since the develop

ment risks of liquid-dominated resources are not well known , this demon

s tration is aimed at enhancing development of electrical production from 

the bulk of the U . S .  geothermal resource .  
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Specific obj ectives included in the PON are as follows : 

1 .  demonstrate the social and environmental acceptability and the 
��,-------�.-----

read iness of state-of-the-art  technology for the production 

electr ical power using a low- to moderate-salinity 1iquid

dominated hydrothermal resource , 

2 .  demonstrate reservoir performance characteristics  o f  a specific 

liquid-dominated hydrothermal reservo ir , 

3 .  demons trate the validity o f  reservoir engineering estimates of 

reservoir productivity (capability and longevity) ,  

4 .  demonstrate a conversion system technology at commercial scale , 

5 .  provide Federal assistance needed to lnit iate development a t  a 

resource of large potent ial , 

6 .  act as a pathf inder for the regulatory process and other legal 

and inst itutional aspects of geothermal development , and 

7 .  provide a basis for the financial community to estimate the 

risks and benef its  associated with geothermal investments .  

2 . 2  GENERAL DESCRIPTION OF PROPOSED PROJECT 

The proposed project consists of geothermal well-f ield development , 

power plant and transmission line construction , and operation of  a 

S O-MW (e) electrical generat ing facility . The power plant includes a 

turbine generator building , cooling tower , hydrogen sulfide a1?Cl.��!!!.�_�t 

system, and an electrical swit chyard . The we11-fje1d system cons ists of 

geothermal wells , p iping , steam separators , and a liquid injection 

system.  Electricity will be transmitted from the plant by a newly 

constructed transmission line . During operat ion , f luid will be transported 

from wellheads through pipelines to localized or "satellite" flash 

separators , from which st eam will be piped to the power plant , aad 

unf1ashed liquid will be sent to an injection plant . Nonconriensable 

gases will be removed from the geothermal fluid in the turbine condenser 

and processed through a hydrogen sulfide abatement sys tem.  

Unle ss indicated otherwise , the info rmation contained in  this 

chapter came from the Union/pt-�i Proposal to DOE , through per sonal com

munications with the Dnion/PNM staff , or by direct analysis o f  the data 

ohtained from the�e a�d other referenced sources . 
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2 . 2 . 1  Hist orical project informat ion 

Figure 2 . 1  dep icts the present surface owner ship of the original 

Baca Locat ion No . 1 Land Grant and the general locat ion of the well 

f ield and power plant s ite within the grant area . The lands comprising 

the original Baca Location No . 1 Land Grant are owned by the United 

Stat es government (Forest Service and Nat ional Park Service) (4%) , by 

Dunigan Enterprises and the Baca Land and Cattle Company ( 9 6% ) , and by 

the Los Alamos Ski Club (less than 1%) . In 1971  Union Geothermal and 

its  predecessors entered into a geothermal trade agreement with Dunigan 

Enterprises and the Baca Land and Cattle Company for the exclusive 

r ight s to explore for , produc e ,  and sell geothermal energy and to con

struct and operate generating and transmission facilities for the 

electricity produced . This agreement covered all port ions of the Baca 

Locat ion No . 1 Land Grant that were under surface ownership by Dunigan 

Enterprises and the Baca Land and Cattle Company , which included at that 

t ime the port ion now owned by the Nat ional Park Service as an addition 

to Bandelier Na tional Monument (Fig . 2 . 1 ) . In 19 7 6 ,  the Nat ional Park 

Service purchased that parcel from Dunigan Enterprises and the Baca Land 

and Cattle Company with all geothermal r ight s and encumberances intact . 

For the purpose of s implic ity , in the present document the Baca 

Location No . 1 Land Grant will be referred to as "the Baca Location , "  

which will refer to the entire 49 , 4 70-ha-square (100 , 000-acre ) original 

land grant . The term "Baca Ranch" will refer to only those port ions 

currently owned by the Baca Land and Cattle Company and Dunigan Enterpr ises 

(excluding the section now owned by the Nat ional Park Service) . 

Be fore this project was selected by DOE , a cons iderab le amount of 

exploration and reservo ir confirmation had taken place . There have been 

15 geothermal wells dr illed in the Redondo Creek area , four of which 

have been tested extens ively . In addition , 7 wells have been drilled in 

the Sulfur Creek area , for a total of 22 we lls in an area of 108 km2 

( 4 3  square miles) . The results o f  well testing have confirmed a 50-MW (e) 

energy supply and ind icate that the fluid energy of  the reservo ir may 

be capable of supplying 400 MW (e) for 30 years . 
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Fig . 2 . 1 .  Present surface ownership of the Baca Location No . 1 
Land Grant and the general location of the well field and plant s ite . 

In support of and resulting from this past activity , well pads , a 

gravel road , laydown areas , staging areas , and a drilling r ig are now 

present in the Redondo Creek area . In addition , a proj ect office area 

consisting of an office trailer and temporary living quarters for some 

proj ect people is located near the highway entranc e .  

2 . 2 . 2  Site location and surface features 

Figure 2 . 2  depicts the regional location of the Baca Locat ion and 

the proj ect area (well f ield and plant s ite) . The Baca Lo cation is 

located in north-central New Mexico within port ions of  Sandoval and Rio 

Arriba counties . The well field and plant site are located approximately 

96 km (60 miles ) north of Albuquerque and 30 km (19 miles ) we st of the 

town of Los Alamos . The proj ect area is wi thin Township 19 north and 
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Range 3 east of  the New Mexico Base Meridian ; the power plant site i s  

centered at  1060  35 ' 10" west longitude and 35 0 5 2 ' 58"  north latitude . A 

l15-kV transmission line will connect the plant site to the TA-3 sub

s tation near Lo s Alamos . The line will follow one of two possible 

routes discussed in detail in Section 2 . 2 . 4 .  

Access to the proj ect area is via a secondary road off  New Mexico 

Highway 4 (NM-4)  , at  a point about 2 . 5  km ( 1 . 5 miles )  from the plant 

site . The maj ority of the lands surrounding the Baca Location are part 

of  the Santa Fe Nat ional Forest . A number of public campgrounds are 

located to the west and south at least 6 . 4  km (4 miles) from the proj ect 

area . The Paraj ito Ski Area , pr ivately owned , is adj acent to the Baca 

Locat ion on the east , 17 km (11 miles) from the proj ect area . The 

southeast corner of the Baca Lo cation adj oins Bandelier National Monu

ment 13 km (8 miles) f rom the proj ect ; the nor theast corner adj oins the 

Santa Clara Ind ian Re servation 19  km (12 miles) from the proj ect . 

Department of Energy lands , which comprise the Los Alamos Scientific 

Laboratory (LASL) , are located 30  km (19 miles ) east o f  the Ba ca 

Locat ion . 

The Baca Lo cation contains almost all of the Valles Caldera , a 

prominent geo logic feature in the Jemez Mountains . The elevation of  the 

caldera floor averages 25 75  m (8500  f t )  above mean sea level , with the 

s ides rising from j ust over 100 m ( 3 3 0  ft )  to 610 m (2000  f t )  above the 

floor . The f lanks of the Valles Caldera drop off  to the desert lowlands 

and are cut by a number of steep-sided , narrow canyons . Much of the 

floor of the caldera is occupied by extensive grassy meadows . The edge 

of the largest of the meadows , the Valle Grande,  is located about 6 . 5  km 

(4 miles) east of  the proj ect area . The meadows are surrounded by 

forested mountains wi thin the caldera , the highest of which is Redondo 

Peak , at an elevation of 3425 m (11 , 254 ft ) . The proj ect area is located 

in Redondo Canyon , which is a relatively narrow forested canyon adj acent 

to Redondo Peak (Fig . 2 . 2 ) .  Elevations in Redondo Canyon range from 

2440 m (8000  ft )  to 2 9 2 5  m (9 600 ft ) . Drainage from the well field and 

plant site is to Redondo Creek and subsequently to the East Fork of the 

Jemez River , southwest to the Jemez River , and eventually to the Rio 

Grande . 
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2 . 2 . 3  We ll-f ield development and plant construction 

Act ivit ies necessary to construct the proposed proj ect are those 

as sociated with full-scale geothermal well-f ield development and with 

power plant and transmission line construct ion . The total area of land 

disturbed by well-field development and plant construction (exclusive of 

transmiss ion lines ) is approximately 18 . 2  ha (45 acres )  in Redondo 

Canyon . 

2 . 2 . 3 . 1  Drilling and well test ing 

Of the 15 wells drilled previously in the Redondo Creek area , 

4 have been conf irmed as adequate fluid producers for the proposed 

project . The most pessimis tic estimate of new well success would require 

the drilling of 15 new wells . It is more likely that well success 

ratio and production capability would require drilling of only 12 new 

wells . In the most pessimistic cas e ,  a total of 17 new and existing 

wells would supply steam for plant operation , whereas in the more likely 

case , a total of 15 new and existing wells would suf fice . 

Three nonproducing wells already in existence will be used to 

sat isfy the total injection requirement for the plant . 

It is  estimated that the wor st case reservoir depletion will require 

that one additional well for each initial well be drilled to replace 

lost product ion , or a maximum of 17 addit ional wells for 30 years of 

plant life . The more likely replacement schedule will be one well every 

three years of operat ion , or a to tal of 10 addit ional wells . 

Init ial well spacing of  wells will allow approximately 17 ha 

(42 acres ) per well , decreasing to approximately 8 ha (20  acres) per 

well over the 30 years of p lant operat ion . Thus , maximum tctal area of 

the well field will be approximately 285 ha (715  acres ) initially and will 

no t increase over 30 years . The actual dis t urbed area , however , wil l be 

only ab out 10-20% of  this larger area , as discussed in the following 

paragraphs . 
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Where possible , exist ing well pads will be used for drilling new 

wells , and multiple wells will be drilled from s ingle pads , thus only 

s ix or seven new well pads are planned for the ent ire plant life . The 

new well sites will each be cleared , leveled , and compacted for an area 

o f  up to 1000 m2 (1 / 4  acre) to  provide drill pads ; from 0 . 8  to 2 . 4  ha 

( 2  to 6 acres)  per drill site will be used with minor dis turbances for 

o ther equipment ,  sumps , and laydown areas at each site . A drilling mud 

sump will be provided to hold the drilling f luids at each drill pad , and 

each site will be sloped toward the sump to provide a drainage catchment . 

Figure 2 . 3  is a layout o f  a typ ical drilling site arrangement that may 

be used with minor modifications . 

The drilling opera tions to be used in this proj ect are typical of  

geothermal drilling practices . For each wel l ,  a hole of  decreasing 

d iameter will be drilled using a diesel-powered drilling rig , and a 

conductor pipe and surface casing will be ins talled as a part of  the 

dril ling operation . The f irst 450  m (1500 f t )  of  the hole will be 

drilled using a c losed system of circulating mud that consists princi

pally of  water , bentonite clay , and caustic soda . Up to 25 , 000 l iters 

(6300  gal) of  water per day is used for mud-drilling operations . Wa ter 

has been obtained from Redondo Creek in the past for this purpose but 

currently comes from geothermal f luid . Creek water , well water , or 

geothermal f luid may be used for drilling water in the future . For each 

well drilled , Union currently has a permit to withdraw 15 0 bbl/day of  

water for  3 0  days . The mud discharged at the surface is  separated from 

the drill cut tings and held in the sump for recycle or neutralization 

and evaporation . Treated water , possibly aerated , will be used for 

c irculation to a depth of 900 m ( 3 000  ft ) , and aerated water will be 

used for drilling at greater depths . 

A s teel casing and liner will be set in each well with cement to a 

depth of  approximately 900  m (3000 f t ) . 

The total depth of each well and the exact depth of  casing and 

l iner schedules will be determined by the geological and hydrothermal 

conditions of each hole . After confirmat ion that a production zone has 

been reached , test equipment will be ins talled at the wellhead as shown 

schemat ically in Fig .  2 . 4 .  A production test over approximately 30  days 
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will determine the wellhead and separator flow rates and the pres sure , 

temperature , enthalpy , chemical composition , and noncondensable gas 

content of the fluids . The average mass flow rate from each well to be 

tested is est imated as 91 , 000 kg/hr (200 , 000 Ib /hr ) , the unf lashed 

port ion -of which will be contained by the bypass pit shown in Fig . 2 . 4 .  

2 . 2 . 3 . 2 Road and pipeline construc tion 

Drilling activities require access roads for each drill site . 

Where pos sible , the access roads will be designed to disturb a minimum 
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area by using exi sting roads or trails , by following the natural topography , 

and by using good design practices . Roads will be 4 . 5  to 6 m (15 to 

20 ft) wide with an average disturbed area of 0 . 5  ha per kilometer of 

roadway (2 acres per mile) , with turnouts provided in the more level areas . 

Roads will be sloped inward toward a culver t drainage collection system 

in which runoff is  held in settling basins prior to release to the 

natural drainage system .  

Previous exploration and drilling were facilitated by the 

cons truct ion of 12 km ( 7  miles)  of roadway . Future wells for the 

5 0-MW (e )  p lant will require an addit ional 3 . 2 km (2 miles)  of roadway in 

Redondo Canyon . An old lo gging road connec t ing Redondo Canyon and 

Sulfur Creek canyon has been used by of f-road vehicles , snowmobiles , and 

ski patrols for ac t ivities such as meteorological data collect ion and 

exploration for future expansion . 

The power p lant will require 8 . 8  km (5 . 5  miles ) of geothermal fluid 

supply piping and 5 . 4  km (3 . 4  miles ) of inj ection pip ing ranging from 

6 in . to 36 in . nominal diameter . Since 2 km ( 1 . 2  miles) of inj ection 

piping will use the same supports as the supply piping , the net length 

of the p iping routes will be 12 . 2  km ( 7 . 6  miles) . Up to f ive supply 

wells will be connected to each of four satellite steam separators ,  from 

which steam will be provided to the turb ine and liquid will be sent to 

the inj ection plant . A s chematic of a possib le arrangement of the steam 

supply piping is shown in Fig.  2 . 5 ,  and the possib le arrangement of 

inj ect ion pip ing is shown in the schematic Fig . 2 . 6 .  The exact  con

nect ions and locations of future wells are subj ect to change as the 

f ield is developed . 

Piping will be supported aboveground and insulated to a maximum 

d iameter of 1 . 2  m (48  in . ) . Piping rights-of-way will be cleared of 

vegetation (excep t grasses) to a maximum width of 15 m (50 f t )  during 

construction but allowed to revegetate to a width of approximately 4 . 5  m 

(15 ft) , except for about 5 0% of the p ip ing that will be cons tructed 

within the disturbed area of acces s roads . The total cleared area for 

pip ing will be about 12 ha ( 3 0  acres) . Expans ion loops will be provided 

approximately every 450  m (1500 f t )  and will be about 6 m ( 2 0  ft) high . 
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2 . 2 . 3 . 3  Power plant construction 

The power plant will be located immediately nor theast of well Baca 

No . 6 ,  as shown in Figs . 2 . 5 ,  2 . 6 ,  and 2 . 7 ,  on a relatively flat , 

previously disturbed area at an elevation of 2651 m ( 8 7 5 0  ft )  above mean 

sea level . The total permanent land commitment for the turbine building , 

cooling tower , switchyard , and hydrogen sulfide abatement area will be 

less than 2 ha (5 acres ) . The maj or components will be arranged as 

shown in Fig . 2 . 8 .  The spent fluid inj ection stat ion will be located 

�bout 300 m (1000 f t )  south of the power plant on an addit ional 0 . 8 ha 

( 2  acres) of  land . The total space requirement for the plant for 

equipment laydown , maintenance shop s ,  and service areas will be less 

than 8 ha ( 2 0  acres ) . 

Const ruction act ivities will consist o f  earth moving , concrete 

pouring , equipment installation , and f ield fabr ication and erection of 

maj or sys tems that will extend over a period of about four years . The 

peak labor force on s ite will be about 240 persons , of which only about 

165 will be present during 25% of that time . All maj or components and 

construction materials will be shipped to the plant site by truck . 

The turb ine building will be the tallest structure , having an 

overall height of 21 m ( 7 0  f t ) . The building will be a steel-frame 

structure on a concrete foundat ion designed for the snow , wind , seismic , 

and soil bearing loads at the s ite . Floor plan dimens ions will be 20  m by 

2 9  m (65  ft  by 96 ft ) . 

The cooling tower will be the largest struc ture , although it is 

only 18 m (60 ft) high . It wil l consist of eight 15 m by 15  m (50  ft  by 

50  f t )  mechanical-draft cells , each having a 9-m (30-f t )  fan ,  arranged 

in line for an overall length of 121 m (400 ft ) . 

As much as is practicable , all structures will be of a color that 

blends with the natural sett ing . 

2 . 2 . 4  Transmiss ion lines 

A new l15-kV transmiss ion line will be constructed from the Baca 

5 0-MW demonstrat ion plant to the TA-3 substation , a dis tance of approxi

mately 32  km ( 2 0  mile s) . The TA-3 subs tation is operated by the Public 

Service Company of New Mexico (PNM) and lo cated on DOE property within 
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the Los Alamos Sc ient ific Laboratory (LASL) restricted area . The TA-3 

substat ion was chosen as the preferred terminus for the new line because 

it represents the shortest route for egress of power from the Baca plant 

and because Los Alamo s is a maj or PNM load center capable of us ing the 

entire 5 0  MW of generat ion output . The addit ional power will help so lve 

an existing voltage fluctuation problem at Los Alamos .  This routing 

also represents the only feasible route by which PNM will directly serve 

its own customers ; other routes for power egress terminate at load 

centers serving customers of another ut ility . 

Based on preliminary environmental and engineering studies and 

discus s ions of  right s-o f-way with landowners or land managers ,  two 

feasible routes between the Baca plant and the TA-3 station have been 
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identified . These routes are depicted as corridor 1 (the Baca corridor) 

and corridor 2 (the southern corridor)  10 n F O  2 9 19 . . .  Alternative links 

within each corridor are labeled x, y ,  and z for corridor 1 and A ,  3 ,  C ,  

and D for corridor 2 .  This EIS  will consider a 1 . 6-km-wide (l-mile) 

corridor along both routes 1 and 2 ,  only one of which wi ll ult imately 

be chosen for the new transmiss ion corridor . The cho ice of  route will 

be based upon data contained in this impact analys is and landowner /land 

manager negotiations for right-of-way . 

2 . 2 . 4 . 1  Transmi ssion l ine design 

Support structures for the l15-kV l ine will cons ist of wooden pole 

H-frame structures similar to that depicted in Fig . 2 . 10 .  Special 

structures will be used at angles , dead-ends , and for long-spans or 

where special vi sual considerations exis t .  Height of the structures 

will range from 20 to 32  ill (65 to 105 feet)  to provide a minimum clear

ance of 8 . 25 m (2 7 feet ) between the conductors and the ground surface . 

Addit ional structure height to maintain minimum ground clearance will be 

required where the terrain dictates or where the conductors cross dis

t ribut ion lines , telephone lines , or highways .  A 30 . 5-m (lOO-foot)  

r ight-of-way will be utilized for  the transmission line . The average 

span length between structures will be 245 m (803 feet ) , resulting in 

approximately 4 . 1  structures /km (6 . 6 /mile) . Long spans will be utilized 

where terrain or vi sual considerations dictate . 

The transmission line will have three aluminum conductors , steel

reinforced , one per phase .  Each phase will b e  suspended from the struc

ture by a s ingle seven-bell insulator string , with spacing between 

phases of 4 0 4  m (14 . 5  feet) . The conductors will be protected from 

lightning strikes by two overhead shield wires mounted on the tops of  

the wooden poles and connec ted by  ground wires to ground rods driven 

into the earth at the bot tom of  poles . 

Subsequent to the selection of  one of the two proposed corridors 

(Fig.  2 . 9 ) ,  determinat ion of  the location wi thin the corridor of r ight

o f-way centerline and structure sites will be based upon further nego

t iations with landowners or land managers and upon detailed r ight-of-way 

surveys .  These surveys will consist of engineer ing , environmental , 
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and archaeological studies . Field surveys will be performed by a survey 

crew us ing four-wheel drive vehicles and utilizing existing roads as 

much as possible . No roads will be cons tructed dur ing this phase of 

activity . Only a minimum amount of  dis turbance of  vegetation to allow 

accurate operation of surveying ins truments would be necessary . 

2 . 2 . 4 . 2  Transmiss ion line construction 

Cons truc tion of the transmission line will proceed after final 

right-of-way determination and will probably coincide with plant 

construction . Construction activities wil � cons ist of clearing and site 

preparation for the right-o f-way , st ructure sites , and access roads ; 

erection of  transmission structures and line stringing ; and clean-up and 

reclamat ion . 

Site  preparat ion and vegetat ion clearing 

The amount of clearing and grading necessary for cons truction of 

the right-of-way cannot be ac curately estimated before detailed surveys 

are .conduc ted along the chosen right-of-way .  However , along the maj or 

portion of  the right-of-way , vegetation clearing will be limited to 

topping or removal of  large trees to provide minimum conduc tor clearance . 

Outside of the right-of-way , danger trees and trees that might contact 

the lines during wind-induced swing will also be removed or topped . 

Clearing crews will make a minimum number of passes through the right

of-way ut ilizing access roads as much as possible . 

For each transmiss ion structure a 30- by 46-m (100- by lSO-f t)  

site will be  cleared and levelled for  structure assembly and erect ion . 

Levelling will be accomplished with a bulldozer . In addit ion to the 

structure assemb ly s ites , conductor s tringing sites will be levelled and 

c l eared at approximately S-km (3 . l-mile) intervals along the right-of

way .  These stringing sites will b e  about 30- b y  60-m (100- by 200-ft)  

and will be used tw ice - once to pull conductors int o place and once for 

tensioning the conductors . 

Hhere existing roads cannot be used for access to the right-of-way , 

new ones will be cleared . It is  no t possible to est imate ac curately the 

number of miles of new access roads that will be required in all 

before the final centerline surveys of the r ight-of-way are complet e .  
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Al l vegetation will be removed along newly constructed acces s roads , and 

the roads will be graded with a caterp illar tractor . After construct ion 

of the transmiss ion lines , access roads will be restored and closed to 

public access . 

Line construc t ion 

A wagon drill mounted on a truck or caterpillar tractor will be 

used to d ig holes for the wooden struc tures . The structures will be 

transported to each site in sect ions and assembled on-site . Af ter 

erection and placement of the structures , the foot ings will be cemented 

and the holes backfilled . Various pieces of heavy construct ion equip

ment are used in the transport , assembly , and erection of the structures . 

The transmission line conductors will be at tached to the structures 

by a "tension-stringing" method whereby a bulldozer or tractor cater

pillar will be used to pull the sock line (a lightweight leader cable) 

down the center of the right-of-way . The sock line is then used to pull 

the conductors into place under tension . Normally , the vehicle used to 

string the sock line will make one cross-country trip down the right-of

way centerline . The area of disturbance is a narrow band down the 

center of the right-of-way created by the tracks of the bulldo zer 

(approximately 1 m in width) . To allow pas sage , hindering shrubs and 

trees may be cut down or dr iven over by the dozer during this operation . 

To minimize d isturbance , PNM is consider ing using a helicopter to string 

the sock line over portions of the transmiss ion line . 

Cleanup and reclamat ion 

Vegetat ion cleared during line construction will be ground up , 

removed , concealed , burned , stacked , or scattered depending on the st ipu

lat ions of the land management agency or landowner .  Dis turbed areas will 

be smoothed where necessary . All roads made during construct ion will be 

closed from access , res tored , and reseeded . All areas disturbed during 

line cons truction will be reseeded with appropriate native species . 

Revegetat ion techniques will vary according to each vegetation type along 

the transmission right-of-way . 

2 . 2 . 4 . 3  Transmis sion line maintenance 

The line will be patrolled by helicop ter each month to check for 

problems . When maintenance is needed , the area in question will be 
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reached by exist ing access if  possible . Otherwise , four-wheel-drive 

vehicles will be used overland to reach the area . The landowner or land 

management agency will be notified in advance of  such act ion whenever 

pos sible . All land disturbed as a result of maintenance will be res tored 

and reseeded as necessary . 

2 . 2 . 5  Plant operation 

The proposed power plant turbine will have a gross electrical 

capacity of  50  MW when operated at design condit ions . Auxiliary power 

requirements in the plant will be approximately 5 MW, resulting in a net 

capacity to the PNM system of 45 MW. The plant will be operated as a 

base-loaded facility . The following approximate design parameters 

may vary slight ly as designs are finalized . 

2 . 2 . 5 . 1  Power cycle 

The power cycle selected for the proposed plant is a single-f lash , 

once-through st eam cycle in which liquid geothermal fluid or a mixture 

of steam and liquid is flashed to steam in satellite steam separators 

connect ing several geothermal wells to common steam lines . A schematic 

drawing of  this arrangement is shown in Fig . 2 . 5 . From the separators 

the steam is delivered by insulated pipe to the turbine inlet at satura

t ion condit ions of 710 kPa (103 p sia) and 166 ° C  (330°F) , and the liquid 

is sent to the inj ect ion plant . Figure 2 . 11 shows a simplif ied schematic 

diagram of  the power system with approximate flow rates for each sub

system. This system is very similar to the new designs for The Geyser s 

power plant in northern California for the port ion of  the system after 

the steam has been separated from the liquid in the satellite separators . 

Geothermal fluid condensate from the turb ine is  collected and c ir

culated through the cooling tower , where it is cooled and recirculated 

to the turbine condenser as cooling water . This recirculation of the 

geo thermal fluid frees the plant from the requirement for large quantities 

o f  fresh water , as is common with clo sed-cycle steam systems in fossil

fueled and nuclear power plants . The maj or difference between this system 
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and past geothermal systems is that the stearn condensate and the cooling 

water are not mixed in the condenser , thereby providing for more thorough 

extraction of noncondensable gases before the fluid passes through the 

cooling tower . The extracted gases are circulated to the hydrogen sulfide 

abatement system,  where they are treated by the Stretford proces s ,  which 

converts a high percentage of the hydrogen sulfide into elemental sulfur . 

Experience with geothermal power plant s of this size at The Geysers 

(without the Stretford proces s)  shows that a plant reliability factor of 

70 to 8 0% over the life of the facility is reasonable . New generating 

units at The Geysers power plant use the Stretford process to remove 

hydrogen sulf ide . This design feature should improve plant reliability . 

Hence , the Ba ca demonstration plant can approach the rel iability factor of 

The Geysers . 

The plant will require full or par tial shutdown for repair or 

maintenance of maj or stearn supply components , maj or generating system 

components , or the hydrogen sulfide abatement system .  Any subs tantial 

cutback of stearn flow to the turbine will require that the stearn bypass 

the condenser and hydro gen sulfide abatement system by venting to bypass 

pits  at the satellite stearn separators . Any flow interrupt ion to the 

s eparators will require to tal f luid bypass to the bypass pit ( see Fig . 

2 . 4 ) .  This abnormal operation will be discussed in Sect . 4 . 3 .  

2 . 2 . 5 . 2  Eff luents of operat ion 

A lower percentage of the hydrogen sulfide in the fluid that cir culates 

through the c ooling tower will be removed by prior treatment , resulting 

in a release of hydrogen sulf ide to the atmosphere at the low rate of 

less than 6 g / sec ( 5 0  lb /hr ) , based on the wors t-case fluid composition 

from the wells . The more lik�y fluid composit ion will result in a 

release rate for hydrogen sulfide of less than 5 g/sec (43 lb /hr) . 

Other effluent s of operation consist of the S tretford process 

f luids , cooling tower blowdown and excess geothermal fluid , which are 

s ent to the inj ection station , and geothermal fluid in the form of water 
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vapor and drift droplets released to the atmosphere . Approximately 

0 . 2% ,  or 0 . 22 kg/sec (1900 1b /hr) , o f  the to tal cooling tower discharge 

is in the form of drift (approximately 0 . 005% of coo ling tower circulat ion) . 

The vapor and drift released to the atmosphere will contain dis

solved solids and noncondensab1e gases that are present in the geothermal 

steam . Table 2 . 1  shows the expected levels of  these cons t ituent s .  

Although the gases will be present in the same amount , the drift and 

liquid to be inj ected will contain dissolved solids in sl ightly higher 

concentrat ions than the average produced from the geothermal wells , as 

discussed in Sect . 3 . 1 . 2 . 3 , because of the recirculation of cooling 

water and the evaporative losses to the atmosphere . To tal dissolved 

solids in the cooling tower effluents are estimated to be about 400 ppm , 

compared with 30 ppm in the steam condensate leaving the turbine . 

Table 2.1 . Average chemical analysis of steam 
(without scrubbing) 

Constituent 

Suspended sol ids 
Si02 
HC03 
S04 
CI 
Na 
K 
Ca, Mg, Ba,  B, F 

Constituenta 

pH, 4.5 

Concentration (mg/liter )  

Solids 

7 
35 

5 
2 

2 1  
8 
3 
1 .0 

Concentration (ppm) 

By weig'N B y  moles 

Noncondensable gases 

28,250 
204 

56 
2 
2 

1 2,000 
1 25 

aWeighted averag� of noncondensable gase�, 
2.64% of steam. 

37 
1 4  

2 
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Periodically a nonoxid izing b iocide may b e  introduced for algae 

control in addit ion to  a sil ica scale remover .  The necessity o f  using 

such additives and to what degree they will concentrate if they are 

used is unknown at this t ime ; however , their infrequent use is expected 

to contribute ins ignif icant concentrations in the circulating fluid . 

2 . 2 . 5 . 3  Water use 

The release of vapor by the cooling to�er is the primary consump t ive 

use of water by the plant - about 107  kg / sec (820 , 000 lb /hr) . Other 

plant services will be supplied by treatment of geothermal steam , and 

potable water will be brought into the plant or ob tained from surface 

sources . 

In order to supply the turb ine with 112 kg / sec (89 2 , 000 lb/hr) , 

the geothermal wells must supply a total flow of  3 7 8  kg / sec 

( 3 , 000 , 000 lb /hr) of geothermal fluid to the steam separators .  The 

262  kg/ sec (2 , 0 8 0 , 000 lb /hr) of unflashed fluid from the separators 

is mixed with the power plant effluent and sent to the inj ect ion plant . 

Thus , the 107  kg/ sec (8 2 0 , 000 lb/hr)  of  water vapor that is released to 

the atmosphere during operat ion represents a 27%  loss , or net withdrawal , 

o f  geothermal fluid from the reservoir . 

Union has appl ied for a permit to withdraw a total of 14 ha 

( 34 . 5 9 acres)  o f  irrigated crop land from irrigation by Jemez River water 

to offset pos sible reduct ion in surface water flow in ' the Jemez result ing 

from geothermal operations at Baca . This is equivalent to approximately 

44  acre-feet of water as defined in the permi t application . The land 

will be ret ired in increments at f ive-year intervals over a per iod of 

5 0  years start ing January 1 9 8 0 . The proposed 5 0-MW plant will be 

responsible for the ret irement of an estima ted 5 . 6 7 ha (14 acre s ) , 

equivalent to 1 7 . 7  acre-ft of water , over the 30-year life of  the plant . 

The remaining acres will be reserved for possible future expans ion of  

geothermal act ivities beyond 50  MW . 

The Pueblos of  Jemez , Zia , and Santa Ana and the Bureau of  Indian 

Af fairs (BIA) have protested Union ' s  permit application (Ortega 19 7 9 ) . 

The protest ident ifies three issues : " ( 1)  the repore submitted with the 
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application does not accurately address the true hydrologic condit ions ; 

( 2 )  any further reduction in the base flow of the Jemez River or its 

tributaries would be in derogation of prior reserve rights of the Jemez , 

Zia , and Santa Ana Ind ian Pueblos ; and ( 3 )  the Office of the State 

Engineer has no j urisdiction to grant an application for appropriation 

of nonpotable groundwater 2 , 500  f t .  below the ground surface (NMSA 72-

12-25 1978) . "  The State Engineer ' s  Office will hold a public hear ing in 

an attemp t to resolve this protest . 

2 . 3  RECLAMATION AND RE STORATION 

Al l land cleared during construction around the plant site , except 

for that needed for the facility and associated storage areas and parking , 

will be graded and reseeded with appropriate nat ive plant species (refer 

to Sect . 3 . 1 . 5 ) . Likewise , to  prevent soil loss , areas disturbed by 

drill pad and pipeline construc tion will be revegetated as soon as 

possible after complet ion of cons truct ion activities . The areas immedi

ately surrounding the drill pads and separators ,  which will receive 

heavy vehic le use , will be graveled or otherwise stabilized to prevent 

erosion . Along the transmiss ion line route , areas adj acent to the 

towers , structure-loading sites , wire-stringing sites , and some access 

to  structures will be cleared to the extent that reclamation will be 

required . These areas will be re seeded as necessary with plant species 

appropriate for the 'parti cular vegetat ive community ( see Sec t .  3 . 1 . 5 ) . 

Access roads for the transmis sion lines will not be permanently maintained . 

The anticipated life of the proj ect will be at  least 30  years . In 

the event the proj ect and further development are terminated , the plant 

will be decommissioned and the wells capped . Standard well abandonment 

prac tices will be used . All land disturbed during proj ect activities 

will then be recontoured and reseeded with ap�ropriate nat ive plant 

species . 
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2 . 4  BENEFITS 

The principal benefit of the proposed proj ect is the intangible 

benefit of enhancing geothermal development through the demons tration of 

elec trical produc tion from low- to moderate-salinity liquid-dominated 

geothermal fluids . Tangible benefits are therefore not the primary 

purpose o f  DOE involvement in the proj ect , although they are important . 

The principal benefits are the annual supply of 320 , 00 0 , 000 kWhr 

o f  electrical energy to the PNM system for at least 30  year s and the 

development o f  technical and environmental info rmation related to 
, 

elec trical produc t ion from low- to moderate-salinity liquid-dominated 

geothermal f luids . This informat ion wi ll assist future developers o f  this 

type of geothermal resource . Secondary benefits will be construct ion 

wages averaging $2 , 000 , 000* per year during four years of peak construct ion 

activity and annual wages of $1 , 500 , 000* during the 30 years operating 

life of the facility . 

2 . 5  EXPANSION OF GEOTHERMAL DEVELOPMENT BEYOND 50  MW (e )  

This EIS  evaluates the potential impact of  a proposed Federal action 

limited to shared funding of a 5 0-MW (e )  geo thermal demonstrat ion power 

plant . A successful demons tration o f  5 0-MW (e) capacity is expected to 

enhance the development o f  liquid-dominated geothermal resources in 

general and at the Valles Caldera KGRA in particular . Although there 

are no DOE plans for participat ion in geothermal development in the 

Valles Caldera KGRA beyond the f ive-year operation of the 50-MW (e)  plant 

at the Baca Location , the potential impacts  of future development are 

out lined and discussed briefly in this EIS because of the relationship 

between this 5 0-MW (e)  p lant and decreased risk to developers of o ther 

geothermal resources in the area . In this sec tion the potential for 

future development is described . The potent ial environmental impac t s  of 

future development are discussed in Sect . 4 . 5 .  

Because of the developmental nature o f  the geothermal resource 

potential in the Baca Locat ion , it  is not possible to describe a 

* 
1 9 7 8  dollars . 
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development scenario beyond 50  MW (e)  with any high degree of certaint y .  

The locat ions , construction schedule , and ultimate capacity to b e  developed 

are highly dependent upon results of exploration and well-field development 

which are expected to proceed as the proposed 50-MW (e)  plant is construc ted 

and operated . A development scenar io can be postulated on the basis of 

what is now known about the Valles Caldera KGRA and the Baca Location,  

but because it is  highly speculat ive , its use should be limited to 

reference . This scenar io gives a very high probability for a 50-MW (e) 

power plant resource in Redondo Canyon (the proposed plant) , a somewhat 

lower probability for an additional 100 MW (e)  in Redondo Canyon [ two � 

additional 50-MW ( e) plant s ] , and a considerably lower probab ility for a 

resource potential for an additional 250 MW (e) in Sulfur and Alamo Canyons 

adj acent to Redondo Canyon [ f ive additional 50-MW (e) plants ] .  This 

development scenar io is conf ined to leases held by the commercial partners 

on the privately owned Baca Ranch . 

In addition to  the above-ment ioned leases , there are at least 14 

geothermal exploration leases on Federal land in the Valles Caldera KGRA 

surrounding the Baca Location . These lease locat ions are shown in 

Fig . 2 . 12 along with the wells drilled by the commercial partners on the 

privately owned Baca Ranch . The area of potential l50-MW (e)  development 

by the commercial partners is within the st ippled area nearest Redondo 

Peak , while the area of addit ional 25 0-MW(e)  development [ to a total of 

400 MW (e) ] will be from well locat ions outside the s t ippled area . This 

development is l ikely to occur in Sulfur Canyon , Alamo Canyon , San Luis 

Canyon , Valles Seco , and , possibly , port ions of Valles San Antonio . The 

potent ial for development in the Valles Caldera KGRA has been estimated 

to be between 1000 and 3000 MW ( e) total (U . S . G . S .  C ircular 7 9 0 ,  1 9 7 9 ) ; 

the lat ter figure is based on as sumpt ions of new resource discover ies 

and new technology for energy convers ion . 

Therefore , there are four stages of development each with a lesser 

degree of certainty : (1)  the proposed 50-MW (e)  demonstration power 

plant ; (2 )  a total of 150 MW (e) in Redondo Canyon ; (3 )  a total of 

400  MW (e)  in Redond o ,  Sulfur , and Alamo Canyons ; and (4)  between 1000 

and 3000 MW (e) for the whole Valles Caldera KGRA . The impac ts of these 
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s tages are discussed in this EIS in detail commensurate with the cer

tainty of development [ i . e . , much detail for 50 MW ( e )  , less detail for 

150 MW (e)  , even les s detail for 400 MW (e)  , and only a cursory discussion 

of 1000 to 3000 MW (e) ) .  The two reasons for this are : (1)  little 

environmental data is available for the areas outside Redondo Canyon and 

the proposed transmission l ine routes , and ( 2 )  the DOE has � participa

t ion in , nor influence on , the plans for development of  this proj ect 

beyond 50  MW (e) . Any attempt to proj ect impacts beyond 50 MW (e) is 

speculative at this t ime . 

2 . 5 . 1  Development of 150 MW (e) 

Sp ecific s ites for three 5 0-MW(e)  power plant s do not necessarily 

exist in Redondo Canyon . It is assumed , however , that two addit ional 

power plants can be located in the Canyon within ab out 3 . 2  km (2 miles)  

on either side of the proposed 50-MW(e)  power p lant . It  is also assumed 

that within the t ime per iod for the cons truction schedule there will not 

be any s ignificant technolog ical changes in the power cycles , cooling 

systems , or effluent treatment systems . Therefore , the well-f ield area , 

power-plant s i z e ,  and effluents are assumed to be the same for each addi

t ional plant as for the original propo sed plant . In addition , the init ial 

l15-kV transmission l ine has adequate capacity to handle 150 MW (e)  , 

thereby eliminating the requirement for transmission l ines in addit ion to 

the proposed l ine out of the Baca Locat ion for this stage of development . 

2 . 5 . 2  Development of 4 00 MW (e) 

Geothermal development beyond 150 MW (e) will probably occur in Sulfur 

Creek Canyon and Alamo Canyon (see Figs . 2 . 7 and 2 . 12) . Preliminary 

explorat ion by Union prior to this proj ect ind icates a possible resource 

potential of up to 250 MW (e) (but less certain than the potent ial in 

Redondo Canyon) , bringing the total goethermal potential for the Redondo 

Creek , Sulfur Creek , and Alamo Canyon areas to 400 MW (e ) . Where these 

p lants might be located with respect to one ano ther , to the terrain , or 

to the Baca Locat ion boundary is not known . The possib ility of development 

in this area is also highly speculative unt il more exp lorat ion wells are 

drilled and unt il successful operat ion of the proposed demonstration plant . 
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The t ime at which these plants might come on line is far enough in 

the future (b eyond s ix or more years)  that it  may be possible to assume 

new technology for power cycles , cooling systems , and emission control . 

However , it  has been assumed in this EIS  that the plants will be virtually 

identical to the proposed sO-MW(e)  plant in Redondo Canyon , thereby 

providing a "worst case" est imate of potent ial impac ts . Any alterna

t ives discussed in Sec t s .  9 and 10 , such as dry cooling towers or steam 

pretreatment for hydrogen sulfide abatement , that might reduce the 

effluents or consump t ive use of resources by the plants will reduce the 

impacts  described in this EIS  for the development beyond 150 MW (e) . 

Additional transmission l ine capacity will be needed for develop

ment beyond 150 MW(e)  (probably a 34s-kV line along one of the corridors 

discussed in Sect . 4 . 5 ) . 

2 . 5 . 3  Future transmission systems for 400 MW(e)  

Development of the geothermal resources located on or near the Baca 

Looat ion to 4 00-MW (e)  capacity or greater will necessitate egress for the 

power via one or two 34s-kV transmission line s .  The PNM has analyzed 

general egress routes for this power and have identified , very generally , 

f ive feasible broad corridors for potent ial 34s-kV transmission lines 

from the Baca s ite into the power distribution grid . Figure 4 . 8  in 

Sect . 4 . 5  illustrates the placement of these corridors and tha t of 

exist ing and currently planned 11s-kV and 34s-kV distribut ion systems in 

the Baca/Albuquerque area . A general discussion of potent ial environmental 

concerns related to cons truct ion of a 34s-kV line along each of these 

f ive corridors may be found in Sect . 4 . 5 .  

2 . 5 . 4  Expans ion beyond 400 MW (e) 

Expans ion beyond 400 MW (e)  is as sumed to involve development on the 

geothermal leases shown in Fig . 2 . 1 2 .  No informat ion is currently 

ava ilable on development plans except that PNM will be the ut ility used 

for power distribut ion out of the Valles Caldera KGRA should any 

electricity be marketed . General paths for egress of the power are 

discussed in the following section and in Sect . 4 . 5 . 
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Because of the uncertainty of development outs ide the Baca Location , 

mo st of the available environmental information for expansion beyond 

400 MW (e)  relates to transmiss ion l ine cons truction ,  operation , and 

maint enance . The U . S .  Fo rest Service is currently preparing a coord inated 

transmission line development and geothermal plan based on total resource 

development in and around the Baca Location . 

2 . 5 . 5  Future transmission system for greater than 400 MW (e) 

The d iscussion o f  transmission systems for 400 MW (e) in Sec t . 4 . 2 . 3  

is applicab le to systems for greater than 400 MW (e)  as well . 

REFERENCE FOR SECTION 2 

Ortega , Lotario D .  19 7 9 ,  personal communicat ion (letter) to S .  E .  

Reynolds ,  New Mexico State Engineer , July 20 , 19 7 9 . 



3 .  DESCRIPTION OF EXISTING ENVIRONMENT 

SUMMARY OF CHANGES 

The fol lowing discuss ion of the existing environment is d ivided into 

two s ections . The f irst  sec tion characterizes the regional s etting and 

the main proj ec t area (well f ield and power plant s ite)  in Redondo Canyon . 

The second section descr ib es the two propos ed transmission corridors . 

The impacts of  the proj ect will b e  discus s ed in Chap ter 4 .  

In respons e to conunents on the DEI S ,  edtt or ial changes have b een 

made in the th is sec t ion for c larificat ion . In addition , Sect . 3 . 1 . 1 . 4  

was expanded to amplify on potent ial , future public ownership of the 

Baca Ranch and Sec t .  3 . 1 . 10 was added to better identify Indian cultural 

and religious is sues . 

3 . 1  REGIONAL SETTING AND MAIN PROJECT AREA 

The following is a descrip tion of the land us e ,  geology , hydrology , 

ecology , socioeconomics , climate , air quality , and cultural resources 

in the proj ect area and vicinity . Many preproj ect environmental s tudies 

characterized the area on a regional basis . The definition of s tudy 

regions varied ac cording to the subj ec t of the particular s tudy and is 

delinea ted for each of the subj ects . 

3 . 1 . 1  Land use 

The land-use study region is  depic ted in Fig . 3 . 1 .  The following 

discuss ion o f  land use is for the mo st part condensed from a land-us e 

inventory prepared by Wirth As sociates ( 19 7 9 ) . The s tudy region was 

chos en to charac terize areas in addit ion to the nmin proj ect area 

that could potent ially be affected by  proj ect act ivities . Th e desc ription 

of land us e along the transmiss ion corridors ( Sect . 3 . 2 ) draws upon 

informat ion presented in this sect ion . 

3- 1 
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3 . 1 . 1 . 1  Land ownership 

Figure 3 . 1  depicts surface ownership for the general study region . 

There are four maj or cat egories o f  land ownership :  Federal , Native 

American , Los Alamos County , and privat e .  

Federal lands include the Santa F e  National Forest ,  adminis tered by 

the Department of Agriculture , Forest Service ; .  Bandelier National Monu

ment , administered b y  the Department of  the Interio r ,  National Park 

Servic e ;  Los Alamos S c ientific Laboratory (LASL) , operated for the 

Department o f  Energy (DOE) ; and parcels of land held by  the General 

Servic es Adminis tration . Bandelier National Monument and the Santa Fe 

National Forest are further describ ed in Sect . 3 . 1 . 1 . 2 .  Section 3 . 1 . 1 . 3  

contains a b rief d is cuss ion o f  the LASL facilities . The General Services 

Administration p resently adminis ters three parcels of land totaling 

approximately 4 9 6  ha (1225 acres ) adj acent to the Lo s Alamos towns ite . 

This land will eventually b e  released to another governmental agency or 

to private ownership (Wirth As sociates 197 9 ) . 

Native American land borders the s tudy region to the north , eas t , 

and south . The Santa Clara Indian Reservation is adj acent to the Baca 

Location (Fig.  3 . 2 ) . The San Ilde fonso Reservat ion is outside the study 

region to the eas t .  Three other res ervations that could b e  af fected by 

an unlikely southern alternative transmiss ion route (Sect . 9 . 7 ) are no t 

shown in Fig . 3 . 2 .  These are the Jemez , Z ia ,  and Santa Ana Reservat ions , 

located in the vicinity o f  the town of  San Ys idro , approximately 35 km 

southwest o f  the Baca Location . 

The incorporated county o f  Los Alamos came into existence when the 

Federal Government released its j urisdiction over the area to the State 

in 1949 . Nearly all the land owned by Los Alamos County is within the 

Los Alamos towns ite and is s ituated within the s teep callyons between the 

inhab ited mesas . Mo st of the county land is devoted to open space 

(Wirth Associates 1 9 79 ) . 

Th e Baca Ranch , approximately 39 , 79 0  ha (98 , 320 acres ) , comprises 

the maj or portion of  the private land within the s tudy region . It is 

owned by the Baca Land and Cattle Company and Dunigan Enterprises . 

Other private land cons ists o f  the Paj arito Ski Area , owned by  the Los 
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Alamos Ski Club , three private children ' s  camps , and private res idences 

within summer-home areas o f  the Sant a Fe Fores t and the Los Alamos 

towns ite , which are further des cribed in Sect . 3 . 1 . 1 . 3 . 

3 . 1 . 1 . 2  Preservational des ignations and recreat ional uses 

The Jemez Mountains are highly scenic and are relatively undeveloped . 

They possess outs tanding geologic features , wildlife values , and archaeo

logical resources . Thus , there are a number of pres ervational des igna

t ions and recreat ional use areas in the study region . Figure 3 . 2  depicts 

the pres ervational boundaries and recreat ional use areas within the 

study region . 

Preservat ional des ignat ions inc lude those areas that have been 

reco gnized for their unique or undis turbed natural environments . Thes e 

areas are Bandelier National Monument and Wilderness Area ; Santa Fe 

Nat ional Forest , its des ignated roadless areas , and Monument Canyon 

Resear ch Natural Area ; the Valles Caldera National Natural Landmark ; the 

Jemez State Monument ; and recommended stat e  natural areas . 

Bandelier Nat ional Monument and Wilderness Area . The monumen t is 

composed o f  two separate regions . The main sect ion is within and to the 

southeas t o f  the s tudy area ; the smaller Tsankawi section is about 10 km 

(6  mil es ) to the northeast outside the study region . Two proposed 

addi tions to the monument are located near the Tsankawi section (see 

Fig .  3 . 2 ) . In recent years the monument has had approximately 300 , 0 00 

vis tors annually (Mountain West Research , 19 7 9 ) . Mos t  vis itor use o f  

the monument i s  during spring and fall weekends and in summer . The 

monument was set aside mainly to preserve the outstanding prehistoric 

aboriginal ruins . There are over 600 ruins , including pueblos with up 

to 400 rooms (Wirth As so ciates 1 9 7 9 ) . The monument is s ituated in the 

canyon lands and mesas o f  the steeply dissected Paj arito Plateau , which 

reaches from the b ase o f  the Valles Caldera to the Rio Grande . In 197 6 ,  

the great maj ority o f  this main section o f  the monument was designated as 

a wilderness area (Fi g .  3 . 2) . The Park Service is presently studying the 

wilderness potential o f  the latest addit ion to the monument , the upper 
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Fr ij oles Canyon ( the wedge-shaped section out of the Baca Locat ion , Fig . 

3 . 2 ) , which was acquir ed after the des ignation of  the Band elier Wilder

ness (Wirth As sociates 1 9 79 ) . The port ion of this section south o f  

State Hi ghway 4 (NM-4)  is the most promising f o r  wildernes s (Wir th 

As sociates 1 9 7 9 ) . 

Santa Fe National Fores t .  The Sante Fe National Fores t i s  composed 

o f  two divis ions ; most o f  the s tudy region is within the Jemez Divis ion , 

located wes t o f  the Rio Grande . The San Pedro Parks Wilderness is 

currently the only wildernes s area in the Jemez division . I t  is located 

19 km (12 miles ) nor thwes t of th e s tudy region (Fig .  3 . 2 ) . Areas under 

cons iderat ion for wildernes s as part of the Forest Service Road1ess Area 

Review and Evaluation I I  (RARE I I) are indicated in Fi g .  3 . 2 .  Two areas , 

Caballo and Dome , are within the s tudy region . The Final Environmental 

Statement for RARE I I ,  released in January 1979 , recommends the Caballo 

area for further s tudy and recommends the southern third of the Dome 

area for wildernes s with the remainder o f  Dome as nonwi1derness (U . S .  

Fores t Service 1 9 79 , Siebertson 1 9 79 ) . However ,  f inal determination o f  

the s tatus o f  thes e areas will awa it President ial and congress ional 

decisions somet ime in 1 9 79 . Until a final decis ion is made , no develop

ment would b e  allowed in areas recommended for wildernes s or for further 

s tudy ( Sieb ertson 1 9 79 ) . 

Another area within the Santa Fe National Forest has b een res tricted 

from development . This is the 2 59 -ha (640-acre) Monument Canyon Research 

Natural Area , which was es tabl ished to protect a virgin ponderosa pine 

s tand (U. S .  Fores t Service 1 9 7 7 ) . 

Valles Caldera National Natural Landmai.k .  Under the Natural Land-

r- � ::-" � Program , currently adminis tered by the Heritage Conservation and 

Recreation Service . the ent ire Baca Lo cat ion No . 1 Land Grant was desig

nated 3S a natiunal natural landma rk in Augus t 19 7�  (National Park Service 

1 9 7 5 )  and appe.aL :> i. l l  the Ap ril 1978 �omp1e te lis t: ing o f  Lanomarks (U . S .  
Heritage CO)"l serv;:.t: ion and Recreat:ion Servic.e 1 9 7 8 ) . The B3.c.a Locat iun 

contai ns mos t , � ;.lt not a 1 1 ,  o f  tr)� Vall.es Calder " ,  !,;hi.�h 1 '; 0 1.:  nat ional 
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significance as one o f  the largest calderas in th e wo rld . Landmark status 

was also conveyed because the s ite has b een relat ively well preserved in its 

natural s tate as a result of protect ion afforded it by the present land

holder . Although the landmark is  privately owned ,  i t  can be viewed by 

the public f rom NM-4 .  The briefs accompanying the landmark status 

recommendat ion for the Valles Caldera/Baca Location (Fitzs immons 19 7 5a) 

describe the area as a scenic wonderland and identi fy geothermal develop

ment activities as the maj or threat to the integrity of the landmark . 

State preservat ion designations . The Jemez State Monument ,  located 

j ust north o f  the village of  Jemez Springs (Fig.  3 . 2) , protects the 

ruins o f  the 1 7th century miss ion . State monument s are under the 

administration o f  the Museum o f  New Mexico . Jemez S tate Monument is als o 

listed in the Nat ional Regis ter o f  His toric Places (U . S .  Depar tment of  

Interior , 19 79 ) . 

Other areas within the study region have been recommended as State 

natural areas . The New Mexico Heritage Program o f  the Natural Resources 

Department has been responsible for compiling an inventory of New Mexico 

natural areas and has also conducted a study of unique ecosystems for 

the U. S .  Fish and Wildlife Service (USFWS) . As part of the ecosys tems 

s tudy , all of  the Baca Ranch was recommended to the USFWS as worthy of  

pres ervation . Redondo Peak and Redondo Bo rder , located on e ither s ide 

o f  the well f ield in Redondo Canyon , were s ingled out as espec ially 

unique and valuable as prime hab itat for the endangered Jemez Mountain 

salamander and as excell ent elk habitat (New Mexico Heri tage 19 79) . Two 

fumarole areas on the Baca Location , one within Redondo Canyon , the 

other within Alamo Canyon , have been identified by the Heritage Program 
• 

as unique geo logic f eatures (New Mexico Heritage 19 7 8 ) . The afore-

ment ioned areas have as yet no formal des ignat ion but will probably 

b ecome part o f  the New Mexico S tate natural area sys tem,  to be es tab lished 

by 1982 (Wirth As sociates 1 9 7 9 ) . 

In 1972  the S tate Planning Of fice undertook a study to identify 

portions o f  S tate rivers as part o f  the S tate Wild and Scenic Rivers 

Systems . Two classes o f  rivers , wild river areas and recreational river 
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areas , were used for the purposes of the inventory . Two streams in the 

study area , San Antonio Cr eek and Jemez River ( including the East Fork 

of the Jemez River) , were clas sified as recreat ional river areas (Wir th 

As so ciates 1979) . Recreational river areas are de fined as natural free

flowing bodies o f  water that are readily accessible by road or railroad 

that may have some development along their shorelines , but that st ill 

possess actual or potential scenic recreational values . Management 

criteria for thes e areas specify that "pub lic ut ility transmis sion 

lines , gas and water l ines , etc . , b e  placed underground . Existing 

rights-o f-ways should b e  located to minimize their ef fect on scenic 

recreational and related areas " (Wir th Associates 19 79 ) . 

Recreation areas . Recr eational use areas within the study region 

include the Paj arito Ski Area , public and private campgrounds ,  day-use 

areas , and trails . The ski area adj oins the Baca Lo cation to the east 

(see Fig.  3 . 2) . There are p lans to expand the ski area toward the east 

(Wirth As sociates 19 79 ) . The locations of  all campgrounds are indicated 

. in F i g .  3 . 2 ;  mos t  are in the Santa Fe National Fores t to the west and 

south o f  the Baca Lo cation . Day-us e s it es are mostly p icnic areas 

located in Santa Fe National Forest . Camp May is at the ski area . 

Extens ive trail sys tems are located in the Santa Fe National Forest and 

in Bandelier National Monument .  Fores t trails wes t o f  Los Alamos 

receive heavy use ,  particularly the Camp May trail near the ski area . 

Points o f  interes t that receive s ignificant recreational and 

s ights eeing use are indicated in Fig.  3 . 2 .  Soda Dam,  Sp ence , and 

McCauley are hot springs located on easily acces s ib le public land . 

Sulfur Ho t Springs is within the private Baca Ranch . Jemez Falls are on 

the Eas t Fork o f  the Jemez River south o f  the pro j ec t  area . Bat tleship 

Rock is at the confluenc e of the East Fork with San Antonio Creek , where 

the s tream b ecomes the Jemez River . 

The Jemez Mountains receive heavy recreational use in the summer 

and l ight to medium use in the winter months . The prime recreational 

areas within the Jemez Mountains received an es t imated 700 , 000 visitor

days in 19 7 4 ;  the number of vistor-days is steadily increas ing (Wirth 
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As soc iates 1 9 7 9 ) . All the developed recreation s ites occur within the 

canyons o f  maj or drainages o r  along the principal State and Fores t 

Service roads . Prob ab ly 9 0- 9 5 %  of the recreational us e takes place at 

these s ites and along the roads (U . S . Forest Service 197 7 ) . In the 

Final Environmental Statement for Geothermal Leas ing in the Santa Fe 

National Fores t ,  the Forest Service (19 7 7 )  ident if ied areas of heavy 

recreat ion use and high scenic quality and recommended that they be 

excepted from geothermal leasing . These scenic areas near the study 

region are identi fied in Fig .  3 . 2 .  They include the primary roads , 

rec reat ion s ites , and s cenic areas discus sed above . 

3 . 1 . 1 . 3  Other existing land uses 

Because of  the importance of  the study region as a recreat ion area , 

recreat ional uses are discus sed separately ( S ect . 3 . 1 . 1 . 2 ) . O ther 

exis ting land uses in the region include res ident ial , timb er harvest ing , 

graz ing, and activit ies on the LASL technical site . Geo thermal explorat ion 

and s ome aspec ts o f  the LASL s ite are the princ ipal industr ial land us es 

within or near the s tudy region . According to the U . S .  Soil Conservation 

Service (Append ix C) , there are no prime or unique farmlands in the study 

region . 

Residential . The Los Alamo s towns ite is the largest res ident ial 

area within the study region . The town has a population of approximat ely 

16 , 500 . Figure 3 . 3  depicts the location o f  the urbanized portion of the 

Lo s Alamos towns ite . Fo r the most part , the res ident ial areas are 

si tuated along three eas t-west-trending mesas ; the in tervening canyons , 

owned by Los Alamos County , are devo ted to open space . 

Other res ident ial areas within the study region are also depicted 

in Fi g .  3 . 3 .  The La Cueva area and Ho rseshoe Springs Summer Home Area , 

lo cated approximately 6 . 4  km (4 miles) west of the p lant s ite,  and the 

Vallec itos de los Indios s ettlement , located approximately 8 km ( 5  miles ) 

south o f  the p lant s ite , are primarily second-home res ident ial areas . 

Second-home s ites are also being sold on Thompson Ridge , Tent Rocks , 

Pr imos Hermanos ,  Deer Canyon , and Ce rro Pelado ( see Fi g .  3 . 3) . The 



E X I STING LAND U S ES 
A R E A L  

� LOS ALAMOS UR B A N I Z E D  A R E A  

OTHER SETTL E M E NTS 

, > ,ItI?,:;:,:1 LASL TECH N I C A L  AREAS 

- - - - - - LOS ALA MOS A I RPORT 

I-"-·-"� 
r·..J ..... , 

._._._r-· """ ·1_. _. _ _ 1.-., 
SANTA CLARA I N DIAN RESERVATI ON i 

ES-4869 

Ii 
_ . - . , , 

i '_. _.-. I , 
._ ._._ . _5-- L __ .:.... ._. _! ,/ 

CABA LLO :' 
,t"(uADLESS AREA 

' 

" ,, / � �  

; , 
\ \ , , 

\, \ 
\, \ , , 
'\ \ , , 

\�, 
\\ 

AREAS CLOSED TO UNAUTHORIZED ENTRY 

L I N E A L  

--- STATE H IGH WAYS 

--- OTHER PAVED ROADS 

•••••• • • • • • ••• MAJOR NATURAL GAS P I P E L I N E  

.--- - - - - TRAN S M I S S ION L I N E S  

PLANNED LAND USES 
� SUBDIVIDED LAND W ITHIN THE SANTA FE NAT I O N A L  FOREST 

Fig . 3 . 3 .  Existing and planned resident ial land use and services 
in Baca study region . 

w 
I 

I-' 
o 



3-11 

community of Jemez Springs , located ab out 14 . 5  km (9 miles ) soutnwes t  of  

the proj ect s it e ,  has a population of approximately 450  year-round 

residents . 

Travel routes . The locations o f  maj or paved roads are depicted in 

Fi g.  3 . 3 .  Two s tate highways , NM- 4 and NM-126 , are located within the 

study region . NM- 4 includes an alternate business loop that s erves the 

Lo s Alamos towns ite.  The Wes t  Jemez Road (NM-4 alt . ) ,  the East  Jemez 

Road , and the Paj arito Road are maj or travel routes that s erve the LASL 

technical s i tes . Ther e is a system of unpaved b ut improved roads that 

provide access to recreation areas and s econd-home developments within 

the Santa Fe National Fores t .  Some o f  these roads are indicated as 

"Fores t roads" in Fig.  3 . 25 ,  on p .  130 . 

S ervices . A l2-in. natural gas p ipeline passes through the northern 

portion o f  the s tudy region (see Fig .  3 . 3) The gas line is buried b eneath 

a graveled acces s road . The terminus for this pip eline is the Los 

Alamos towns ite . 

All exis t ing electrical transmis s ion lines having a capacity over 

69 kV are depicted in Fi g .  3 . 3 .  All the identified transmis s ion lines 

are located south of Los Alamo s and within the LASL technical area . The 

locations o f  three electrical subs tations , TA- 3 ,  ETA , and LAMPF , are also 

depicted in Fig .  3 . 3 .  

The Los Alamos airport is located east o f  the towns ite.  It is  a 

private airport ,  owned by the Federal Government , under the adminis trative 

j urisdiction o f  the DOE . 

Los Alamos Sc ientific Laboratory s ite . The DOE lands that comprise 

the LASL res ervation are c losed to unauthorized entry , b ecause of the sensi

tive and o ften s ec ret nature of  the research performed . The ent ire LASL 

res ervation includes 30 technical areas and 124 principal buildings . 

Mo s t  o f  the technical areas are fenced . The use of  LASL land includes 

building s ites , tes t areas , was te disposal locations , roads , and utility 

r ights-o f-way . These us es account for only a small fraction of  the 
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total land area; the r emainder of the land is used to provide isolation 

for s ecurity and safety and as r es erves for future s tructural locations 

(U . S . Department o f  Energy 1 9 7 8 ) . 

Graz ing and t imber harvest ing. The s tudy region is important for 

cattle forage production .  The great maj ority of the Santa F e  National 

Forest is open to graz ing ,  except the portion of the fores t with in 

Los Alamos County (Wirth As sociates 1979 ) . Graz ing allotments within the 

fores t are detailed in the Final Environmental S tatement for Geothermal 

Leas ing in the Santa Fe National Forest (U . S .  Forest Service 19 7 7) . 

These grazing allotments are used primarily from May through Octob er 

(Wirth As sociates 19 79 ) . Additionally , the ma in use of  the land owned 

by the Baca Land and Cattle Company ( the Baca Ranch) is for cattle 

graz ing .  Approximately 4 500 head of  cat tle are graz ed on the property , 

primar ily on the l arge val les , the high mountain meadows with in the 

Valles Caldera ; the graz ing s eason is  from spring to autumn (Wirth 

AS sociates 1 9 79 ) . The LASL reservation allows no grazing.  

Timber harvest ing in the region began in the early 1900s and continues 

to the p resent . There are f ew vir gin t imber stands remaining (U . S .  Forest 

Service 19 7 7 ) . Commercial sawtimber species exis t ing in the s tudy 

region include p onderosa p ine , Douglas f ir ,  white fir , spruce , and 

aspen . Past t imb er harvesting practices included b o th clear-cutt ing and 

s elect ive logging.  Large sect ions o f  Baca Ranch were clear-cut in the 

recent past and are scarred with logging roads . These areas are indicated 

on the vegetation map (Fig.  3 . 19 )  in S ect . 3 . 1 . 5 .  Timbering is  no 

longer conducted on the Baca Ranch . 

Other commercial uses . There are no mineral produc tion or maj or  

mining activities in the general vicinity o f  the s tudy r egion . Pumice 

is the only p roduct currently mined in the general region surrounding 

the s tudy area . All three of the operating pumice p i ts are , however , 

outs ide the s tudy region . Geothermal leas ing and exploration activities 

are occurring in the Santa Fe National Fo res t ,  on and near the Baca 

Lo cation . Geothermal r esources are discussed in greater detail in 

Sec t .  3 . 1 . 2 . 3 . 
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The s tudy r egion is located within portions of  Sandoval and Los 

Alamos Count ies . The inco rporated county of Los Alamo s adopt ed a 

comprehensive plan in 19 76 (Wirth As sociates 197 9 ) . Sandoval County , 

however , is  only in the init ial s tages o f  formulat ing a general plan . 

'rwo other maj or p lanning efforts are under way in the study region . 

The mas ter plan for the Lo s Alamos S cientific Laboratory is scheduled 

for completion sometime in mid-1980 . The land management plan for the 

Santa Fe National Forest is  also b eing prepared , with an expected com

pletion date o f  Feb ruary 1980 . This f inal plan will b e  the bas is of  

fores t management practices for  the ensuing ten years . 

Expans ion o f  the LASL res ervation is cons trained by adj acent land 

ownership and the topographic character of the land . Consequently , 

nearly all future labo ratory growth is expec ted to b e  within the con

fines of the exis t ing reservat ion . Likewis e ,  future expans ion of the 

Lo s Alamos urb anized area is res tricted by topography and adj acent land 

ownershi p .  Figure 3 . 3  depicts areas within the Santa Fe  Nat ional Forest 

where inho ldings of private land have b een subdivided and are expected 

to b e  developed (s econd homes ) in the next few years . These areas are 

east , south , and wes t of the Baca Lo cation . The La Cueva-Horseshoe 

Springs and Vallecitos de los Indios s ettlements have cons iderab le 

development in pro gress and are expected to expand . The Deer Canyon 

s ite is comp letely subdivided,  the Cerro Pelado area is expected to 

develop in about f ive years , the Primos Hermanos area is only part ly 

s ubdivided , and Thompson Ridge and Tent Rocks are currently b eing 

developed (Wirth As sociates 1979 ) . 

Three maj or new roads are planned within the Los Alamos urb anized 

area as part o f  its comprehens ive plan . All three are planned to serve 

as acces s routes into expanding res ident ial areas . Only one significant 

change in the National Fores t road sys tem is planned within the s tudy 

region . Forest Route 268 will b e  realigned to the east to provide 

improved access to NM- 4 for the res idents of the Tent Rock and Primo s 

Hermanos res idential areas , on the south edge of  the s tudy region . 

Finally , as part o f  the proposed project  development , Union Geothermal 
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plans to pave the access road it presently maintains from NM-4 to the 

well f ield with in Redondo Canyon . 

Potent ial pub lic acquisition of the Valles Caldera . The Baca Lo ca

tion/Valles Caldera is current ly being considered for po ssib le pub lic 

acquisition . The Department of Interior recently completed a study of 

management alternat ives for the Valles Caldera which considered potent ial 

environmental and socioeconomic impacts , effects of pub l ic us e ,  and 

general costs o f  each alternat ive (U . S . DOl 19 79b ) . Five feas ib le manage

ment alt ernatives were outlined , including continued private ownership , 

acquis it ion by  the State of  New Mexico as part of  the state park system,  

and Federal acquisition by  either the National Park Servic e ,  the U . S .  

Fish and Wildl ife Servic e ,  o r  the U . S .  Forest Servic e .  Maj or findings 

and s al ient details of the s tudy are summarized b elow.  

Th e Valles Caldera is  one o f  the larges t examples o f  a collapse sub

s idence volcanic caldera in the world . The catastrophic erup tion that 

created the Valles Caldera may have b een ten times greater than that at 

Krakatoa , and i t  spread ash as far away as Kansas . The Valles Caldera 

is s igni ficant also b ecaus e of its long volcanic his tory , i ts relatively 

recent termination o f  volcanism, and the variety of volcanic materials 

that have b een deposited . These features of  the interior of  the caldera 

are readily ob servable . The caldera supports eight maj or plant associa

tions and a divers ity of  wildlife.  The scenic characteristics of  the 

caldera are unique b ecause o f  its unusual topography and the j uxapos ition 

o f  the d iverse  vegetation types . 

The s tudy determined that the Baca Locat ion/Valles Caldera qualif ies 

as nationally s ignificant on the b as is of the following values : ( 1) it  

is a n  outs tanding example o f  a geologic landform which is extremely rare 

in the nation, ( 2 )  i t  possesses high ecological and geolo gic divers ity , 

( 3 )  it  possesses outstanding scenic values , ( 4 )  it  is a true example of 

essent ially unspoiled natural history , and ( 5 )  Federally designated 

endangered s pecies have been obs erved to occur in the caldera . The 

Valles Caldera further meets the qual ificat ions o f  a national recreation 

area and f its into at  l east four nat ural history themes of the National 

Park S ervice ' s  Southern Rocky Mountains Natural Region class ificat ion . 
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Four maj or  threats to the preservation of the caldera ' s  natural 

resources were identi f ied : (1) under continued private ownership , 

pos s ib le sub divi sion o f  the land into seasonal homes ites and commercial 

developments ; ( 2 )  possible abus ive land management practices under 

p rivate ownership (s uch as overgrazing or extens ive logginr' ; ( 3 )  geo

thermal development ; and ( 4 )  lack o f  an effect ive wildli fe management 

plan r es ulting in expans ion o f  the res ident elk herd to exceed the 

land ' s  carrying capacity . Because o f  the present geoth ermal leasing 

agreement ,  i t  was determined that any management alt ernative would have 

to accommodate s ome form o f  geothermal development . The s tudy concluded 

that continued p rivate ownership could not assure long-term protection 

o f  the area ' s resources . Each o f  the four public management alterna

tives would have a measure o f  success in protection of the area ' s 

resources ; acquis it ion by  the National Park Service appeared to present 

the broadest protect ion for b oth natural and cultural resources . The 

s tudy made no f inal recommendat ions as to which pub l ic management al ter

native should b e  adopted.  There was no indication of  when such a decision 

might  be forthcoming . In its comments on the DEIS , the Department of the 

Inte rior r ecommended that , pending a decision on the issue of publ ic 

ownership , the p ro j ect b e  delayed or moved to an alternative location 

(see Appendix I ,  Comments and Re sponses , pp . 1-14 and 15) . 

3 . 1 . 1 . 5  Well f ield and plant s ite 

The well f ield and power plant site , which to gether encompass the 

main p roj ect area , are l ocated within Redondo Canyon on Baca Ranch land , 

owned by the Baca Land and Cattle Company and Dunigan En terprises , Inc . 

Figure 3 . 6  indicates the locat ion o f  the proj ect area and Redondo Canyon 

with res pect to the ent ire Baca Location , all o f  which is  a designated 

Nat ional Natural Landmark ( s ee Sec t .  3 . 1 . 1 . 2 ) . Redondo Canyon is bordered 

by Redondo Peak and Redondo Border , b oth o f  which are recommended as 

unique e cosys tems ( s ee Sec t .  3 . 1 . 1 . 2 ) . 

Geo thermal development act ivit ies are currently the maj or use o f  the 

land w ithin Redondo Canyon . Lives tock may be grazed in the canyon during 

certain s easons . Th e private landowner also has access to the project 
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a rea for h is own uses . Figure 3 . 4  indicates the locat ions of  exist ing 

and planned wells and access roads within the canyon connected with the 

geothermal activities . Figure 3 . 2 1 in Sec t .  3 . 1 . 5  shows the topography 

of the canyon in r elation to the existing wells . The nearest resident 

to the main proj ect area is approximately 3 km wes t .  

3 . 1 . 2  Geology ,  soils , and geo thermal resour ces 

3 . 1 . 2 . 1  Geo logy 

The geo logy o f  the Jemez Mountains and the Valles Caldera is comp lex . 

Signif icant  regional as well as lo cal structural elements coincide within 

the area . Evidence of geo logically recent volcanic activity is provided 

by the presence of  numerous rhyolite domes and widespread volcaniclast ic 

material . 

3 . 1 . 2 . 1 . 1  Regional 

The Valles Caldera is a central s tructural feature of the Jemez 

Mountains of north-central New Mexico . Jemez and Paj arito Plateaus bound 

Valles Caldera on the wes t and east respectively . The Jemez Mountains 

comprise a complex volcanic pile that occurs within the southern portion 

of the Rocky Mountain b el t .  This mountain system extends from Canada 

southward into Mexico , attaining a wid th of 80 to 160 km (50 to 100 miles) 

in New Mexico (Wes t 1 9 7 3 ) . The Jemez Mountains are the locus of inter

s ec t ion of two r eg ionally signif icant  geologic features : the east ern 

r im of  the Colorado Plateau to the wes t ,  along which various volcanic 

fields occur , and the Rio Grande rift  to the east (Fig . 3 . 5) (Dondan

ville 19 7 8 ) . 

The Rio Grande ri ft is  a maj or north-south-trending tectonic feature 

of the Nor th American continent . It is  a s tructural trough which seismic 

data indicate occurs along a t rans ition zone b etween typical Cordilleran 

crus t and upper mantle and High P lains crustal s tructure .  The rift , which 

is Miocene to Ho lo cene in age , includes a central graben as well as 

flanking faults and uplifts . The rift  zone is several hundred kilometers 

in width , extending from at least north-central Colorado southward into 
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Mexico . The inner graben is f rom 25  to 50 km (15 . 5  to 31 miles ) wide , 

extending from Leadvill e ,  Colorado , southward to Socorro , New Mexico .  

The graben i s  characterized b y  en echelon offsets in New Mexico , although 

it remains an essent ially cont inuous feature (Cordel l 19 78 ; Ramberg , Cook, 

and Smithson 1 9 78)  through which the Rio Grande has flowed for more than 

4 million years (Edwards , Re iter , Shearer ,  and Young 19 7 8 ) . 

A positive heat-flow anomaly [more than 2 . 5  �cal/ cm2 sec (HFU) ] is  

assoc iated with the Rio Grande graben in nor th"-central New Mexico ;  heat 

flow data (reduced t o  compensate for a possible crustal radio genic heat 

component ) ind icar:e that the depth of  the nonradiogeni(; source within the 

crus t and apper m;.tnt l e  fs no gredt er than 15 to 35 km ( 9 . J  to 21 . 7 miles ) . 

Other geophY3 icai data indicate partially melted material upwarped b eneath 
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t he rift zone . The p resence o f  a shallow ,  mob ile thermal source is in 

agreement with the existence o f  recent extens ive b asaltic volcanism. 

Indeed , there is  evidence of increased rates of volcanism in the area 

(Ramberg , Cook , and Smiths on 1 9 7 8 ;  Edwards , Reiter , Shearer , and Young 1978) . 

3 . 1 . 2 . 1 . 2  Site-specific 

The Valles Caldera is  located within the northeas tern portion o f  

Sandoval County , New Mexico ,  approximately 9 7  km ( 60 miles ) north o f  

Albuquerque and 8 km (5  miles) wes t o f  Los Alamos . The caldera 

(Fig . 3 . 6 ) is a sub circu1ar depression of volcanic origin that ranges 

from 19 to 2 4  km (12  to 15 miles ) in diameter . Within the s truc ture , 

numerous rhyolite domes divide the area into s everal valleys , the larges t 

o f  which is  Valle Grande . Valle Grande l ies at an alt itude o f  about 

2585 m (8480 f t) and attains a wid th o f  4 . 8  km ( 3  miles ) . The elevations 

o f  the depress ion ' s  rim vary f rom 60 m (a f ew hundred feet)  to more 

than 610 m ( 2000 ft) above the f loor . Redondo Peak , which is composed 

o f . an outcropping o f  Bandelier Tuff ,  is the highes t o f  the interior 

domes , reaches a maximum elevation of 3431 m (11 , 2 54 f t) above mean sea 

level , creating a relief o f  nearly 9 15 m ( 3000 f t )  (Dondanvi11e 19 7 8 ;  

Conover , Theis , and Gr iggs 1963) . 

The geologic his tory o f  Valles Caldera is complex . No known 

preca1dera rocks crop out within the caldera (Union Oil Co . 19 78) . 

Figure 3 . 7  is a geologic map o f  Valles Caldera . Figure 3 . 8  shows the 

geology of Redondo Creek Canyon . A Precambrian basement o f  microc1 ine 

granite was intruded and deformed prior to deposit ion of Paleozoic units . 

The oldes t Paleozoic rocks existing b eneath the caldera are s edimentary 

rocks of the Magdalena Group . Th is 244+ m ( 800+ f t )  thick sequence o f  

l imestones , .shales , and arkosic sands tones \\Tas depos i ted i n  shallow seas 

during the Pennsylvanian (and Permian? ) .  Subsequent to f illing o f  the 

shallow depos itional b as ins , cont inental s ediments accumulated . These 

Permian deposits are the Ab o FC J:°matioll , composed primarily 0f beds o f  
cdlcflr eou8 , arkosic sandstones And shales . Underneath Valles Caldera , 

the Ab o ccmmon1y exceeds 4 88 m ( J. 600 ft)  in thickness .  Upl i ft accom

panyin g folding and £ '1 ' 1 1  r in g  then occurred during the �a:rly Cenozoic 
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p er io d .  As so c iated eros ion cut down into the Abo , removing younger 

rocks . Tertiary sands o f  mid-Pliocene age are present in restricted 

areas , up to a thickness o f  150 m (500 ft)  (Union Oil Co . 1978 , Griggs 

and Hem 1 9 6 4 ,  Purtymun 1 9 7 3 ) . 

Volcanic activity b egan in the Valles Caldera area in latest Miocene 

to earliest Pliocene t ime . A large , shallow magma chamb er was implaced , 

and b asalt-rhyol ite volcanic s equences were erup ted . The interior mass 

of the Jemez Mountains volcanic pile is represented by the Paliza Canyon 

and Ts chicoma Vo lcanics .  The Pa liza Canyon Volcanics are a series o f  

andesites , dacite flows , and tuf fs . They range from 9 1  t o  732  m 

(300 to 2400 ft)  in thickness .  Overlying the Paliza Canyon are the 

Tschicoma Vo lcanics , comprised o f  latite and quartz latite flows and 

pyroxene andes ite flows . Their thickness in the caldera area is quite 

variab le ,  up to perhaps 9 14 m (3000 f t )  (Union Oil Co . 19 7 8 , Dondanville 

19 7 8 , Griggs and Hem 1 9 6 4 , Purtymun 19 7 3 ) . 

Following a period o f  quiescence and eros ion , two violent pyroclas t ic 

eruptions of  volat ile-rich material occurred 1 . 4  and 1 . 1  million years 

ago (mid-Pleistocene) . An estimated total of 2110 km3 (50 cubic  miles)  

o f  material was erupted during each of  these catastrophic events ; 

the then-u�supported roofs o f  the magma chamb ers collapsed to form 

caldera structures . The f irst eruption-co llapse formed the To ledo 

Caldera (on the northeas t rim of Valles Caldera) and laid down the lower 

Bandelier Tu f f .  The s econd event created Valles Caldera and depos ited 

the upper Bandelier Tuff . As a result o f  the s imultaneous eruption

collapse events , the Bandelier attains a thickness o f  1830 m ( 6000 f t )  

within Valles Caldera ; the maximum thickness  outside the depress ion is 

30 5 m ( 1000 ft) . The Bandelier Tuff  consists of unconsolidated pumice 

deposits , pumiceous rhyolite tuff b rec cia , and welded rhyolite tuff 

(Union Oil Co . 1 9 7 8 ,  Dondanville 1 9 7 8 ,  Griggs and Hem 19 64 ) . Caldera 

fill consis ting o f  l ands lide debris and caldera ( crater) lake sediments 

accumulated to a dep th of 610 m ( 2000 f t )  within the depress ion . Uplift 

and doming o f  a rej uvenated magma chamber created the central Redondo 

Peak ; associated faulting formed the Redondo and Jaramillo Creeks grab en .  

Ep isodic eruptions o f  rhyolite along the caldera ring graben fractures 

from about 1 to 0 . 1  million years ago formed both domes and flows . 
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These rock units are represented by the Redondo Creek (older Valles 

Rhyolite) and Valles Rhyolites (Union Oil Co . 19 78) . 

Valles Caldera is a collapsed s tructural dome superimposed on an 

extens ion o f  the Rocky Mountain b elt between the San Juan Bas in to the 

wes t  and the Rio Grande rift  zone to the eas t . The Nacimiento high

angle reverse faul t (overthrus t)  del ineates the east s ide of the San 

Juan Bas in and the wes t b oundary o f  the Jemez uplift (West 1 9 7 3 ) . 

Valles Caldera is s ituated along the wes tern margin of  the Rio Grande 

r ift ; marginal faults s triking nor theast are located near Jemez Pueb lo 

and San Is idro , southwes t of the proj ect s ite (Trainer 19 7 8 ) . The fault 

zone mos t  likely trends across the calder a ,  though obscured by sediments 

and vo lcanics . Th e Paj arito Plateau on the eas t s ide o f  the caldera is 

characterized by s teeply d ipping normal faults , downthrown toward the 

central Rio Grande graben on the eas t .  Surfic ial rocks of the plateau 

have an eas tward regional dip o f  1 to 2 ° ( Griggs and Hem 1964) . 

The s truc tural elements o f  the Valles Caldera cons ist pr imarily o f  

high-angle , normal faults . Concentr ically arranged in a zone 3 to 5 km 

( 2  to 3 miles) w ide , they form an inner ring graben,  or  circular down

dropped fault b lock ,  along which rhyolite domes were episodically 

extruded . This is approximated in Fig . 3 . 7  as the inferred ring fracture 

system .  Th e Redondo and Jaramillo Creeks graben is another primary 

structure within the area . Numerous subordinate fault s tructures are 

also present , as can b e  s een in the structure cros s sections o f  

Figs . 3 . 9  and 3 . 10 .  
The geophysical environment o f  the general proj ect area is anomalous , 

b ecause ro cks o f  widely varying compos it ions and properties have b een 

b rought  into proximity by tectonic and igneous activity . The individual 

geophys ical anomalies ( t empera ture , gravity , e1ec trica.l , magnetic) , 

furthermore , are coinc ident in the Valles Cal dera-Jemez Mountains area 

(West  197 3) . 

Reduced heat flow values for the Jemez Mountains are high ,  exceeding 

3 . 2  �ca1 /cm2 s ec (heat flow units , or HFU) . Within this area , rad ioac tive 

decay adds on.1y 0 . 38 HFU to unreduced heat f low values . The above-average 

heat f1o� is therefor� primarily a ttributable to elevated crustal 

isotherms and inc reased therm.3.1 conductivity of the rocks (Edv.rards , Reiter > 

Sh earer , and Young 1 9 7 8 ,  Wes t 1 9 7 3 ) . High subsurLlce temperatures are 
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charac teristic of  the northwestern half o f  Valles Caldera ; shallow 

temperature gradients exceed 0 . b8 ° C  per meter or 8 0 ° C  per krn ( 0 .  15 ° F  per 

foot or 7 9 2 ° F  per mile) over 130 km2 (50 square miles)  of  the caldera 

(Union Oil Co . 197 8 ,  Dondanvi11e 1978) . 

Valles and To ledo Calderas coincide with a negative gravity anomaly 

of 2 5  mi11 iga1s (Fig . 3 . 11) . Al though this is typically indicative of an 

intruded granit ic plu ton at the proj ect site , it is ascribed primarily 

to the thick accumulation of  relatively low-dens ity rocks wi thin the 

collapsed calderas (Dondanvi11e 1978) . Magnet ic anomalies occur in 

an arcuate pat tern in the vicinity o f  Valles Caldera ; the magnetic data 

depict d ike zones along the ring-fracture system (West 1973 ) . 

Electrical conductance surveys show that the eastern half of  Valles 

Caldera contains highly rec ��tant rocks , in contrast to the remainder of 

the area . The high conductance characteristic of  the western half o f  the 

depression ind icates the presence of a high-poro sity , high-salinity , or 

high-temperature (or a combinat ion o f  these parameters) re servoir (Union 

Oil Co . 1978) . From information g iven in Sect . 3 . 1 . 3 . 2 . 1 ,  highly saline 

water can be d isregarded . 

3 . 1 . 2 . 1 . 3  Seismic ity 

New Mexico has histor ically been an area of  low to moderate seismic 

r isk .  There is a long history of faulting (presumably accompanied by 

earthquakes) associated with the Rio Grande rift zone and vo lcanic act ivity 

in the Jemez Mountains . The mos t  ac tive reg ion at present is the Rio 

Grande valley between Santa Fe and Socorro . The fault zones closest to 

the proj ect area are the Paj ar ito and Jeme z .  The Paj arito faul t ,  which 

l ies immediately east o f  Valles Caldera, is on the western border of the 

Rio Grande r if t  zone . I t  has had a long per iod of  movement ,  although 

it is now believed to be inact ive . The Jemez fault zone , which is also 

bel ieved t o  be part o f  the Rio Grande sys tem ,  l ies to  the southwes t  of  

Valles Caldera . I t  is an ac tive fault area , although present movement 

is slight (Keller 1968 , Rea 197 7 ) . 

Los Alamos Scient if ic Laboratory operated a seismic net cons isting 

of four cont inuous-recording seismographs for a nine-day period during 
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Mar ch and Apr il 1 9 6 7 . 'i'he nearest recorded seismic events were 2 0  km 

( 1 2 . 4  miles) away (Keller 1 9 6 8 ) . A regional seismic net that was 

funct ional in 1 9 7 3  r ecorded fairly large events on S eptember 2 5 ,  2 7 ,  and 

2 9 , 1 9 7 5 . The main shock had a magnitude of  3 . 2  ( see Table 3 . 1 ) ;  its 

epicenter was along the Nacimiento fault zone wes t  o f  Vall,· ,::; Caldera . 

As o f  January 1 9 7 7 , no o ther s ignificant shocks (magnitude greater than 

0 . 7 )  had been recorded near the proj ec t site (Rea 1 9 7 7 ) . 

Table 3.1 . Earthquake intensity and magnitude scale 

M od ified 
Merca l l i  
intensity 

I 
I I  
I I I  
I V  
V 
V I  

, V I I 
V I I I  

I X  

X 
X I  
X I I  

Approx imate 
equ ivalent 

shal l ow 
magnitude 

2.5 

3.5 

5.5 
6 

8 
8.5 

Correspond ing 
horizonta l 

acceleration 
(% grav ity) 

<0.03 
0.03-0.05 
0.05-0. 1 
0 . 1 -0.3 
0.3-0.5 
0.5- 1 
1 -3 
3-5 

5- 1 0  

1 0-30 
30-50 
50-> 1 00 

Effects 

Not genera l ly fe lt  
Felt by few at  rest 
Felt not iceab ly i ndoors 
Windows rattled 
Windows broken 
Objects u pset 
Moderate d amage 
Very destructive to wea k 

structu res 
Tota l destruction of weak 

structures 
On ly  best b u i ld ings survive 
Few b u i ld i ngs su rvive 
Total destruction 

Sou rce : Modif ied a fter H .  O. Wood and F.  Neu ma n n ,  "Modified Merca l l i  
I ntensity Scale  of 1 93 1 ," Bull. Seismol. Soc. A m. 2 1  : 278-283 ( 1 93 1 ) .  

3 . 1 . 2 . 1 . 4  Geologic hazards 

Geologic hazards of possible signif icance within the Baca proj ect 

area include seismic activity , landslides , and renewed volcanism . 

Se ismic hazards are ground-shaking earthquake events . S ince active 

fault ing is known to exist ( Sect . 3 . 1 . 2 . 1 . 3 ) , there is a def inite 

possib il ity that fel t  and possibly s tructure-damag ing ea rthquakes could 

occur . Landslides are ano ther potential hazard . The rock units in Valles 
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Caldera are mostly competent . Lands lides have , however , occurred in the 

past . Isolated rock f alls and slump ing of unconsolidated material can b e  

expected to occur along the slopes o f  the caldera r im and the interior domes . 

Renewed volcanism i s  a def inite possib ility . The Jemez Mountains 

area ( and Valles Caldera in part icular) is one in which volcanism has 

occurred in the geologically r ecent pas t .  The vol canic activity has 

occurred intermittently with periods of dormancy . The caldera is quiescent 

at present , but it has not been determined whether the volcano is merely 

dormant or has become extinc t (Keller 1968) . It is interesting to note 

that the t ime interval between volcanic events as indicated by age-dated 

rhyolite domes ( Fi g .  3 . 12)  is  approximately 0 . 1  million years . The las t 

known extrus ion took p lace about 0 . 1  million years ago (Union Oil Co . 

1 9 7 8 ) . No volcanism is expected to be induced by proj ect ac tivities . 

3 . 1 . 2 . 2  So ils 

A number of  known soil mapping units are present in the well f ield 

and along the transmission l ine corridor s .  An area in which soils data 
• 

are not available is within the Baca Location,  from its southern 

boundary north to Redondo Cr eek. Table 3 . 2  gives the ratings of the 

known soil mapping units  for d if ferent cr iteria with respect to their 

limitat ions for engineering purposes . Soil mapp ing units of the well 

field and transmission l ines are included in Fig s .  3 . 13 ,  3 . 14 ,  3 . 15 ,  

and 3 . 16 .  Detailed descrip t ions of  all known area soil mapping unit s  

are provided i n  the references c ited (Daugherty and Buchanan 197 9 ;  

Nyhan et a l .  1978 ; and U . S .  Fo rest S ervice and Ear th Environmental 

Consultants 1979 ) . 

Figure 3 . 13 shows the d istribution of soil mapp ing units within the 

well f ield . The proposed power plant and most of the exist ing pro

duct ion wells are located on the Glossoboralf-Rubb le land associat ion 

( GH) , which has a general rating of  moderate to severe .  The o ther 

proj ect site soils and their general rat ings are :  Hesperus-S eco (HS ) , 

sl ight to moderate ; Ro ck outcrop , steep ( RS ) , severe ; Glo ssoboralf

Ar giboroll ( GA) , s light to moderat e ;  and Cryoboralf s-Rubb le ( CT) , 

moderate . 
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Table 3.2. Interpretation o f  the soil mapping units of the Baca project site and proposed transmission line route 

Map u n i t  

Aquic Haplustolls 
1 - 1 3% slopes 

Argic Cryoborol ls-
R oc k  Outcrop Complex 

Abrigo loam 

Arriba-Copar Complex 

Armstead loam 

Cryobora lf

Cryochrept Assoc., 

1 5-35% sl opes 

Cryoboral f  Assoc., 

1 5-35% sl opes 

Cuervo gravelly 
loam, 0-1 5% slopes 

Carjo loam 

Cuervo gravelly loam, 

1 6-40"10 slopes 

Cryobora lfs- R u  bble 
Assoc., >35% slopes 

Cryoborol ls  

1 6-40% sl opes 

Cu m u l ic Haploborol ls
Eutric G lossoboralfs 
Complex 0- 1 5% slopes 

Erosion Depth 

7 Sl ight Severe 

1 5  Slight- Moderate 

Moderate 

A8 Moderate Slight 

AC Moderate Moderate 

A R  Moderate Sl igh t  

CA Sl ight Sl ight 

CC Slight Sl i ght 

C L  Moderate Moderate 

C R  Moderate Severe 

CS Moderate Moderate 

CT Sl ight Sl ight 

679 Severe 

14 Sl ight- Moderate 

Moderate 

Ent ic Dystrandept, 620 Severe 

frigid·Peralta 

Com plex,  0- 1 5% slopes 

Eutric Gl ossoboralfs 
Complex, 5- 1 0"10 slopes 

Eutric Gl ossoboralfs
R oc k  O utcrop Complex 

20-45% slopes 

Frijoles very fine 

Sandy loam 

Glossoboralfs-Argiboroll 
Assoc., 1 5-35% slopes 

G l ossoboralfs Assoc. ,  

1 5-35% slopes 

Glossoboralf Assoc., 

0 - 1 5% slo pe s  

Glossoboralf-R ubble 

Assoc., >3 5% slopes 

G l ossoboralf-R ubble 
Land Assoc., 
>35% slopes 

Glossoboralf
Dystrochrept
Paleboro l l  Assoc., 

1 5--35% sl ope 

G riegos Cobbly 

loam, 1 6--40% 
Slopes 

Griegos Cobbly 

loam, 4 1 -80% 

Sl opes 

1 2  Slight- Sl ight 

Moderate 

13 Slight- Moderate 

Severe 

F R Moder ate SI ight 

G A  Slight Sl ight 

G E Sl ight Sl ight 

G G  Sl ight Slight 

GH Slight Moderate 

G L Moderate Moderate 

GP Moderate Sl ight 

G R Moderate Slight 
1 6  

667 

GS Severe SI ight 

1 6  

668 

Stab i l i ty 
(shri nk·swe l t )  

Sl ight 

S l ight
Moderate 

Moderate 

Moderate 

Severe 

S l igh t  

Sl ight 

Slight 

Mode rate 

Sl igh t 

Mode rate 

Sl ight

Moderate 

Moderate 

Moderate 

Sl ight 

Slight 

Moderate 

Moderate 

Moderate 

Mode rate 

Sl igh t  

Sl ight 

Sl igh t 

D ra i nage 

Sl ight
Moderate 

Moderate

Severe 

Sl ight 

Sl ight 

Sl ight 

Slight 

Sl ight 

Sl igh t  

Sl igh t 

Slight 

Slight 

Slight

Mode rate 

Slight

Moderate 

Moderate

Severe 

Sl ight 

S l ight 

Sl ight 

Sl ight 

Sl igh t 

Sl ight 

Sl ight 

Sl ight 

Sl ight 

Top·soil 

Good 

Fair 

Poor 

Poor 

Poor 

Poor 

Poor 

Poor 

Poor 

Poor 

Poor 

Fair  

Fa ir  

Poor 

Poor 

Poor 

Poor 

Poor 

R u noff 

Slight

Moderate 

Moderate 

Severe 

Slight 

Sl ight 

Slight 

Slight 

Slight 

Sl ight 

Sl ight 

Moderate 

Moderate 

Slight

Moderate 

Slight

Moderate 

Moderate

Severe 

Sl ight 

Moderate 

Mode rate 

Sl ight 

Moderate 

Moderate 

Moderate 

Moderate 

Mode rate 

Corrosivity 

Sl ight 

S l ight 

Slight 

Severe 

Severe 

Sl igh t  

Sl ight 

Sl ight 

G eneral 
sensitivity 

Mode rate 

Severe 

Slight

Moderate 

Moderate 

Moderate

Severe 

Moderate 

Moderate 

Moderate 

Severe 

Moderate 

Moderate Mode rate 

Sl igh t 

Moderate 

Severe 

Moderate 

Severe 

Sl ight

Moderate 

Moderate Sl ight-

Sl igh t 

Slight 

Sl ight 

Sl ight 

S l igh t  

Sl ight 

Sl ight 

Moderate 

Slight

Moderate 

Sl ight 

Moderate

Severe 

Slight

Moderate 

Sl igh t
Moderate 

Moderate 

Moderate

Severe 



Map u n i t  

G riegos-Rock 

Outcrop Complex 

Hackroy sandy 

loam 

Hackroy-Rock 
outcrop complex 

Hesperus-Seco 

Assoc., 3- 1 5% s lopes 

Kwage-Pelado-Rock 

Outcrop Complex 

LaJara - l r im Assoc., 

0-5% slopes 

Ny jac k loam 

Pueblo stony 

loam 

Pa leboro l l -Cryoboralf 

Assoc., 3- 1 5% s lopes 

Pavo-Cryoboralf 
Assoc., >35% slopes 

Pelado cobbly 
loam 

Pelado-Anesa Complex 

1 6-40"10 s lopes 

Pelado-Anesa Complex, 

1 6 -40"10 slopes 

Pelado-Anesa Complex, 

4 1 -80"10 s lopes 

Pelado-Anesa-Rock 

Outcrop Complex 

4 1 - 1 20% slopes 

Peralta-Anesa Complex 

4 1 -80% slopes 

Peralta-Anesa Complex 
4 1 -80"10 s l opes 

Peralta-Anesa-Rock 

Outcrop Complex 

4 1 - 1 20"10 slopes 

Erosion Depth 

G T Severe Severe 

H A  Moderate Severe 

H R  Severe Severe 

HS SI ight SI ight 

KW Moderate Sl ight 

LI Moderate SI ight 

NJ S l ight Moderate 

PB Moderate Sl ight 

PC Sl ight Sl ight 

P E  Mode rate Sl ight 

PL Moderate Sl ight 

670 Moderate Mode rate 

6 7 1  Moderate Moderate 

6 72 Moderate Moderate 

6 73 Moderate Moderate 

6 2 1  Moderate- Moderate 

Severe 

622 Moderate- Moderate 
Severe 

623 Moderate- Moderate 

Severe 

Ouemazon·-,A.rri ba-Rock OU Moderate Moderate 

outcrop complex 

Ru bble Land --- RC Sl ight Severe 

Cryoboralfs Assoc., 
>35)0 slopes 

Rock Outcrop-
I-'elado-Kwage c 8mplex 

Rock Outcrop--Pin8s-
Tentrock Compl,�x 

Rock Ou tcrop, Fr igid 

Rock Outcrop, Mes:c 

Rock Outcrop- Coi'e-

Pair;ted CAve Complex 

Rock Outcrop, steep 

Rabbi t--Tsankawi Rock 

Outcrop Complex 

RD Moo:le ratc Moderate 

P E Moderate Severe 

R F Moderate Severe 

R M  iJlouerate Severe 

RC Moderate Severe 

R S  Severe Severe 

RT Moderate Severe 

Roc" Outcrop-Pelado 1 24 Moderate 

Com pie " ,  � 1 - 1 '20",,(, s:ope, 
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Table 3.2. (continued) 
Stabil ity 

(shrink·swel l )  

Sl ight 

Sl ight 

S l i ght 

Mode rate 

Sl igh t 

Moderate 

Moderate 

Sl ight 

Mode rate 

Moderate 

Sl ight 

Sl ight 

Severe 

Sl ight 

S l i ght 

Sl ight 

Sl igh t 

Sl igh t 

Sl i gh t  

D rai nage 

Slight 

Sl ight 

Sl ight 

S l ight 

Sl ight 

Severe 

Sl ight 

Sl ight 

Sl ight 

Sl ight 

Sl ight 

Sl ight 

Sl ight  

Slight

Moderate 

Slight 

Siight 

Sl ight 

Sl ight 

Sl igh t  

Slight 

Top·soil 

Poor 

Poor 

Poor 

F a i r  

F a i r  

F a i r  

Poor 

Fa ir  

Fa i r  

Poor 

Poor 

Poor 

Poor 

Pc-or 

Poor 

Poor 

Poor 

Poor 

R u noff 

Moderate 

Sl ight 

Moderate 

Sl ight 

Moderate 

Sl ight 

Sl ight 

Sl ight 

Sl ight 

Sl ight 

Sl ight 

Slight 

Mode rate 

Slight
Moderate 

Mode rate 

Moderate 

M orierate 

Moder ate 

Sl ight 

Corrosivity 

Sl ight 

Sl ight 

Sl ight 

Sl ight 

Sl ight 

S l ight 

S l ight 

Sl ight 

Severe 

Sl ight 

S l ight 

General 

sensitivity 

Severe 

Severe 

Severe 

Sl ight

Mode rate 

Sl ight

Moderate 

Severe 

Moderate 

Sl ight
Moderate 

Moderate 

Sl ight

Moderate 

S l ight

Moderate 

Moderate

Severe 

Moderate

Severe 

Severe 

Severe 

Severe 

SeVEre 

Sl ight Moderate 

Moderate Sever� 

S ! ight 

Sl ight 

Sl ight 

SIi911t 

S l igh t  

Sl ight 

Moderate 

S8vere 

St:vere 

Severe 

Sew�re 

Sevue 

Severe 

Severe! 



Map u n i t  Erosion 

Santa Klara-Armstead SC Moderate 

Complex 

Sea by loam SE Moderate 

Talus slopes, TA Sl ight 

cryic 

Typic Eutroboralfs, TC Moderate 

Clayey·skeletal 

Tur key-Cabra Rock TE Moderate 

Outcrop Complex 

Tranqu i l a r-J a r m i l l o  TJ Sl ight 

Complex, 3- 1 0"10 s lopes 

Typic Eutroboralfs, T L  Moderate 

f ine- loamy 

Tocal very fi ne TO Moderate 

sandy loam 

Typic Ustorthents-Rock TR Moderate 

Outcrop complex 

Typic E u troboralf TS Mode rate 

f ine 

Totavi grave l l y  T V  Sl ight 

loamy sand 

Typic Eutroboralf, 677 Moderate-

m ixed-Cabra- Rock Severe 

Outcrop Complex 

41 - 1 20% slopes 

Very steep R hyol ite 5 

Tuff Rock Outcrop 

45- 1 20% slopes 
----
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Table 3.2. (continued) 

Depth 
Stab i l ity 

(shr i nk·swel l )  

Severe Severe 

Severe Sl ight 

Severe Severe 

Sl ight Moderate 

Severe Mode rate 

Sl ight Severe 

Sl ight Mode rate 

Severe Moderate 

Moderate Sl igh t 

Sl igh t Severe 

Sl ight Sl ight 

Moderate 

Severe 

D ra inage Top·soil 

Slight Poor 

Sl ight Poor 

Sl ight Poor 

Sl ight Poor 

Sl ight Poor 

Moderate F a i r  

S l ight F a i r  

Sl ight Poor 

Sl ight Poor 

Sl igh� Poor 

Sl ight Poor 

------_._-------- - -----

3 . 1 . 2 . 3  Geo thermal resources 

Ru noff Corrosivity 
General 

sensitivity 

Sl ight Sl ight Moderate-

Severe 

Slight Sl ight Severe 

Sl ight Sl ight Severe 

Slight Moderate Sl ight-

Moderate 

Sl ight Sl ight Severe 

Sl ight Sl ight Moderate-

Severe 

Sl ight Sl ight Sl i ght-

M oderate 

Sl ight Sl ight Severe 

Sl ight Sl ight Moderate 

Sl ight Sl ight M oderate-

Severe 

Sl ight Sl igh t Sl ight-
M oderate 

Severe 

Severe Severe 

------ ---- --- ------ ---------

Surface manif es tations of  a geo thermal resource are present no t 

only within Valles Caldera but also to the southwes t ,  along the Jemez 

River . Wi thin the caldera , geothermal indicators cons ist of recent 

rhyolite vo lcanoes , hydrothermally altered areas , ho t mineral springs , 

and gas seeps and fumaroles . A numb er of rhyolite vo lcanoes are aligned 

along the ring-fracture syst em ,  some of which are geologically quite 

recent ( Sect . 3 . 1 . 2 . 1 . 4) . Ac t ive or recently ac tive areas of hydro

thermal alteration total approximately 39 km2 (15 square miles ) ; the 

mos t  notable occurrence of hydroth ermally altered ground is at Sulphur 

Springs , northwe st of Redondo Canyon (Fig . 3 . 12 ) . Sulphur Springs is 

also an area of sulfate-rich ho t spr ings of low pH and strongly acid 
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* GEN ERAT I N G  P L A N T  
• E X I ST I N G  STEAM WELL 

GH SOIL  ASSOCIAT I O N , D E F I N E D  I N  TEXT / 
.N 

/ 

B O U N DARY OF MAPPED R EG I O N  

ES-4882 

M I L E 
o 0.5 
I I I o 0.5 

K I LO M ET E R  

Fig . 3 . 13 .  Generalized soils map o f  the proj ect s i te . 

fumaroles . Carbon d ioxide and hydrogen sul f ide gas seeps occur here and 

have been detec ted elsewhere in the western portion of Valles Caldera.  

Ho t mineral springs are found southwest of Redondo Creek and outs ide of 

the caldera , along the Jemez fault zone . The mo st no table of  these 

spring s ,  which d er ive a portion of their flow from geo thermal fluid , are 

Soda Dam Springs and Jemez Springs (Union Oil Co . 19 7 8 ,  Dondanville 

1978 , Water Re sources Associates 1977 ) . 

The geo thermal resource of  Valles Caldera consists of two systems . 

The maj or reservo ir is a l iquid-domina ted system containing on the order 

of 2 x 10 1 2  kg ( 4 . 7  X 10 1 2  lb) of ho t water , extending over an area of 

100 km2 ( 4 0  square miles) . The reservoir temperature , as calculated 

from geo thermetric data , averages 3 2 9 ° C  ( 624 °F) . The primary produc tion

inj ection zone is the lower hal f  of the Bandelier Tuff ;  the pumicey 

basal 3 05 m (1000 ft )  of the Bandelier is the best production zone . The 

upper part of the Bandelier Tuff  is very densely welded and forms the 



_ _ _ _ PROPOSED TRA N SMI S S ION L I N E  ROUTE ( S )  

Fig . 3 . 14 .  Soil  map of Sante Fe County , New Mexico , along the 
proposed transmission l ine route . From : Soi ls Information for the 
Proposed Baca Geothermal Project� Public Se rvice Company of New Mexico , 
1979 . 

E5 - 4 808 

w 1 w 0" 
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PROPOSED T RANSM I SS I ON 
L I NE ROUTE (S) 

SOI L  BOUNDARY 
5 O R  TU SOIL  
MAP P I N G  UNIT 

S U R V E Y  
BOUNDAR Y  

1 3  

1 4  

/- -1 3 /  r y_ 1 / - -
./ - ,..- - -

ES - 4 809 

Fig . 3 . 15 .  Soils map of the port ion of Bandelier Nat ional Monument 
with the Baca Location . From : Earth Environmental Cons ul tants , Inc . , 
June 19 78 . 
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ES-4807 

2 MILES 
� ____ � ____ �-r------�' 

IOLQMETERS 

() 
SOILS NOT SURVEYED 

F ig .  3 . 1 6 .  Soils map of Los Alamos County , New Mexic o ,  along 
proposed and alternate transmiss ion line corridor s .  Fr om :  Soi Z Survey 
of Los A Zamos County� New Mexico� Lo s Alamo s Sc ientific Laboratory 
Inf ormal Repor t LA-67 7 9-MS , June 197 8 .  
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reservoir cap rock. The reservo ir is no t restricted to the Bandelier 

Tuff  but extends to depth in the underlying volcanic and sedimentary 

rocks . The potent ial source of the fluids is thought to be the under

lying Tertiary sands ; the f luid can migrate upward to shallower zones 

under the Redondo Creek area , where the associated graben faults act as 

conduits ( Union Oil  Co . 1978) . 

The second system is a vapor-dominated system as evidenced by 

several of the geo thermal wells , and probably overlies the 1iquid

dominated reservoir in Baca wells 4 and 11 ( U . S .  Geolo gical Survey 

C ircular 7 90 197 8 ) . Baca well 15 is completed within a vapor-dominated 

zone . The extent of this steam system is not known ; however , it appears 

to t rend to the northwest (Union Oil Co . 1978) . 

3 . 1 . 3  Hydrology and water quality 

The hydrologic environment of Valles Caldera , and Redondo Canyon in 

part icular , cons ists of both surface-water and groundwater systems . 

Several s treams drain the caldera , the primary ones being San Antonio , 

Redondo , and Sulfur Creeks and the East Fo rk of  the Jemez River .  Shallow 

as well as d eep (geothermal) groundwater systems are present ; they dis

charge through numerous nontherma1 and thermal springs . 

3 . 1 . 3 . 1  Surface water 

The base flows of  surface waters in the Jemez Mountains are from 

three general sources : ( 1 )  a rap idly circulating shallow groundwater 

system ,  ( 2 )  p erched aquifers in the volcanic rocks of the caldera , and 

( 3 )  thermal and / or mineral spr ings (Purtymun et a1 . 1978) . Each base 

flow source has distinct chemical characteristics  and ionic composition . 

The base f lows in the surface waters of the region are modif ied by runoff  

from precipitation , and the chemical composition of the water from a 

given s tream s ite can vary widely over time as the amount of precipita

tion in the drainage water changes ( Purtymun et a1 . 1978) . Similarly , 

the chemical compo sition o f  stream water can change considerab ly with 

location bec ause of differ ing relative contribut ions of the various base 

flows . Influx of highly mineralized spring water produces pronounced 
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spatial grad ients in the chemical composition of many local streams 

(Purtymun et a1 . 1974 , Trainer 1978) . The chemistry of surface waters 

draining the Jemez Mountains is  consequently complex and s trongly affected 

by precip itation . About half the annual precipitation in Redondo Canyon 

falls �s snow during the winter months ( S ect . 3 . 1 . 4 . 1) . Mo s t  of the 

remainder occurs as rain f rom July through October . The spring months 

(Ap r il ,  May ,  and June) are usually dry . Precipitation during the 

summer months is generally local ized , and it is no t val id to extrapolate 

weather events f rom one area in the mountains to another (Albright et a1 . 

1978) . Es timates of  average annual precipitation in Redondo Canyon range 

from 4 6  cm ( 1 8  in . )  (Union Oil Company 1978 , Sec t .  4 . 1 . 4 . 1 ) to more than 

7 6  cm ( 3 0  in . )  ( Trainer 1978) . 

Redondo Canyon , descr ibed in Sect . 2 . 2 . 2 ,  is drained by Redondo 

Creek, a small f irst-order stream (Fig . 3 . 17 ) . The source spring of 

Redondo Creek is in the interior of Redondo Canyon at an elevation of 

2 9 14 m ( 9560 ft ) . Redondo Creek runs for 9 . 3  km ( 5 . 8  miles)  to its 

confluence with Sulfur Creek at an elevation of  2355  m ( 7 7 30 ft ) . About 

2 . 5  km ( 1 . 6  miles) o f  the length of Redondo Creek is adj acent to geo

thermal developments such as well s ites , road s ,  etc . (F1avi11 and 

Whit ford 1 978) . Af ter its confluence with Sulfur Creek , the s tream (now 

called Sulfur Creek) f lows for 1 . 3  km ( 0 . 8  mile) to its conf luence with 

San Antonio Creek, ins ide the rim of the Valles Caldera near the head of  

San Diego Canyon (Fig . 3 . 17) . The stream (now called San Antonio 

Creek) runs 4 . 7  km ( 2 . 9  miles) to its confluence with the East Fork of 

the Jemez River near Battleship Rock . The Jemez River flows southward 
'----------

---- -- -------
through San Diego Canyon and eyentually- Je-in-s- the.. --Rio ___ Grande near '---------------- ----------- --------------------- - - - -- --- - --- -- - -- - - --
Bernalillo , about 3 2  km ( 2 0  miles) north of Albuque4"que.., New Mexico . 

The phy s ical characteristics of Redondo Creek, recently surveyed 

and described by F1avi11 and Whitford (1978) , vary considerab ly along 

its length . Redondo Creek is well mixed and is riffle along almost its 

ent ire length with very lit tle pooling . The slope of the stream ranges 

from about 2 to 18% . Mo st sections of the stream channel are eros ional ; 

however , some areas accumulate f ine bot tom material . The stream bot tom 

composition ranges f rom 100% rubble to f ine mud . The channel banks of  

Redondo Creek vary from s table to eroded . Typ ical stream widths range 
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Fig.  3 . 1 7 .  Surface waters in the vicj nity of the Baca Geothermal 
Proj ect . 

from about 0 . 6  to 1 . 0  m and depths from about 5 to 15 cm . The stream is 

shaded for about 7 0% of its length and runs through a diverse array of 

terres trial habitats , includ ing forest , alder thicke ts , and open meadow . 

Redondo Creek receives a small , apparently unnamed tributary approximately 

6 . 7 km ( 4 . 2  miles) f rom its source spring . 

Little information on the s tream discharge of Redondo Creek is 

available . The discharge from Redondo Creek was monitored by Wa ter 

Re sources As sociates for one year s tarting in November 1975 . However , 

the data collected were incomplete and of poor quality (Table 1-2 of 

Appendix I of Wa ter Re sources As sociates 1 9 7 7 ) . The discharge was 

measured for only 143 days during the year-long monitoring period,  and 

no data were collected during January and February . The minimum 
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discharge recorded was 4 . 5  liters/ sec ( 0 . 16 cfs) , and the maximum discharge 

recorded was 3 9 . 4  liters/ sec ( 1 . 39 cfs) . The average daily discharge 

for a g iven month ranged f rom 5 . 4  liters/ sec ( 0 . 19 cfs)  during Oc tober to 

24 . 6  l iter s / sec ( 0 . 8 7 c fs) dur ing May . 

The discharge of  the Jemez River at Battleship Rock, directly b elow 

the conf luence of San Antonio Creek and the East Fork of the Jemez 

River , has b een monitored since 1949  by the u . S .  Geolog ical Survey . 

Complete records of  the d ischarge at this station were obtained from 

1960 to 1975 . The maximum discharge recorded was 70 , 000 liter s / sec 

( 2 500 cfs) on April 2 1 ,  1 958 . The minimum and maximum discharges for 

the per iod 1960-19 75  were 93 liters/ sec (3 . 3  cfs) and 29 , 200 liters/ sec 

( 1030 cf s) , r espec tively . The mean annual flow averaged 850 liters / sec 

( 3 0  cfs) and ranged from 450 to 1850 liters/sec ( 1 6  to 65 cfs) dur ing 

1960-1 9 7 5 . 

3 . 1 . 3 . 1 . 1  Surface-water quality 

During normal f low , turb idity levels in the streams draining the Jemez 

Mountains are low, averaging between 5 and 10 Formaz in turbidity uni ts 

(FTU) ( U . S .  Forest Service 1 9 7 7 ) . However , af ter heavy storms , turb id ity 

can increase tremendously in these streams , with peak turbidity as high 

as 100 FTU .  The suspended load in mos t  New Mexico st reams varies 

considerably , ranging over 3 to 5 orders of magnitude (U . S .  Geological 

Survey 1965) . 

The waters o f  Redondo Creek are of good chemical quality . Water 

from the creek was collected and analyzed during the period from 1974 to 

1 9 7 6  by the Union Oil Company ( Table 3 . 3) .  Independent data on maj or 

chemical const ituent s in Redondo Creek water , published by inves tigators 

at the Los Alamos S c ient if ic Laboratory (Purtymun et al . 197 8) , agree 

reasonably well with Union Oil Company ' s  data and are included in Table 

3 . 3  for comparison . Samples were collected during S ep temb er 5-7 , 1974 , 

from three locations on Redondo Creek at altitudes of 2374 , 2560 , and 

2621  m ( 7800 , 8400 , and 8600 f t) ( s ites BC-8 , BC-9 , and BC-10) (Union 

Oil Company 1 978 , Table 4-1) . Only 2 of the 31  chemical constituents 

summarized in Table 3 . 3  ( arsenic and suspended solids) varied apprec iably 
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Table 3.3. Water chemistry of Redondo Creek 

Samples were co l l ected near the Baca Ranch property l i n e  at an e levation of about 7800 ft (station BC-8 ) .  

Pa rameter Sept. 5-7, 1 974a Oct. 2, 1 97 5b Oct. 1 4, 1 9 76c 1 97Ef 
p H  7.7 7.3 6.4 7.4 

Concentration ( mg!liter) 

B icarbonate 48 37 32 39 

Ch lor ide 43 20 36 46 

F luo ride <0.2 0.58 <0.2 0.5 

Sil ica 4 1  34 1 6  33 

Su lfate 6 8 1 0. 7  8.6 

Total o rganic carbon < 1  4 3 

Total d issolved so l ids 2 1 8  1 1 5 1 44 223 

Suspe nded sol ids 1 6  52 6 

AI 0.2 0.3 0. 1 

As 0.004 0.0 1 8  <0.001 

Ba 0.0 1 3 0.09 0:2 

Be <0.01  

B <0.2 

Cd <0.02 

Ca 26 1 4  1 9  22 

Cr 0.008 0.003 0.004 

Co <0.02 

Cu <0.02 

Fe 0.8 0.6 0.4 

Pb <0.05 

Mg 3.0 2.0 2.4 5 

Mo <0.02 0.03 

Mn 0. 1 0  0.08 0.04 

N i  <0 .05 

Se <0.005 

Ag <0.03 

Na 1 9  1 1  1 0  1 8  

Hg <0.0005 0.005 <0 0005 

V <0.2 <0.03 <0.05 

Zn 0 . 1  0.06 <0.05 

a Data from Tab l e  4- 1 of proposal ( l ocation BC-8 ) .  
b Data from Memo A RS 7 5-370M from R .  N.  Wh eatley to K .  E .  G u ziak,  Un io n  O i l  Company, Dec. 8, 1 975.  
C D ata from Memo ARS 76-424M from R.  N .  Wheatley to W. A. Smith , U n io n  O i l  Co mpany, Dec.  1 5, 1 976. 
d Data are fro m W. D. Pu rtymun,  W. H .  Ad ams, and A .  K .  Sto ker, "Water Qual ity in Vic i n ity of Fenton 

H i l l  Site, 1 976," Los Al amos Scientific Laboratory I nfo rma l Rep. No. LA-7307-MS, Los Alamos, N . M .  
( 1 978) ,  a n d  are averages for sa mples col lected A pr.  2 7 ,  Au g. 8, and N o v .  1 9, 1 97 6. 



3-44 

among the three s ites ; therefore , data from the s ingle s tat ion BC-8 are 

probably representative of  the ent ire Redondo Creek sy stem at the time 

of each sampling . The range of pH values repor ted for Redondo Creek is 

6 . 4- 7 . 7 ; however , the pH is probably between 7 . 0  and 7 . 5  at mos t  t imes . 

The water in Redondo Creek is  so ft . Dur ing mid-August of 1978 , hardness 

ranged from about 30  mg/ liter (as CaC0 3 ) at the source spring to about 

35 mg/ liter (as CaC03 ) above the confluence of Redondo Creek with Sulfur 

Cr eek ( Flavill and Whitford 1978) . Purtymun et al . ( 1 9 7 8 )  reported 

total hardness ranging from 7 2  to 80  mg/ liter ( as CaC0 3) in Redondo 

Creek water during 1 97 6 .  Alkalinity and hardness of Redondo Creek water 

result primar ily from b icarbonate (Flavill and Whit ford 1978) . Because 

the s tream is well mixed , the dissolved oxygen content of the water is 

usually near saturat ion . The concentrations of trace elements in 

Redondo Cr eek water are generally low ( Table 3 . 3 ) . Levels of f luoride 

and sulfate are low relative to the concentrations in many nearby surface 

waters ( Gr iggs 1 9 6 4 ,  Purtymun et al . 1974 , Trainer 1978) . The chemical 

composition of Redondo Creek water can be expected to vary from year to 

year with the diff er ing hydrologic inputs of prec ip itation runoff  in the 

base f low of  the s tream (Pettitt 1976) . 

Sulfur Creek receives highly mineralized , acidic water from thermal 

spring s in Alamo Canyon. The principal ions in Sulfur Creek water are 

calc ium and sulfate (Purtymun et al . 1978) . The water quality in Sulfur 

Creek improves downs tr eam from the thermal spring area as a result of 

inf lux of groundwater and runoff  from precip itat ion . Downstream concen

trat ions o f  d issolved consti tuents in Sulfur Creek water are subs tantially 

reduced (generally by mo re than 50%) after its confluence with Redondo 

Creek ( Pur tymun et a l .  1978) . Water quality data collected by the u . S . 

Forest Service on the combined f lows of  Sulfur and Redondo Creeks ar e 

shown in Table 3 . 4 .  Da ta collected independently by Purtymun et al . 

( 1 9 7 8 )  agree well with the U . S .  Forest Service data and are included 

in Table 3 . 4 for compar ison . 

San Antonio Creek drains the western and northern parts of  the Valles 

Caldera ( Fig . 3 . 17 ) . The princ ipal ions in the base flows of San Antonio 

Creek are calc ium and b icarbonate (Purtymun et al . 1974) . There is 
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Table 3.4. Average water quality data for the com bined flows of 
Su lfur and Redondo Creeks (Sulfur Creek) 

Ra nge is given in parentheses u nder each mea n .  A d ash ind icates that 
data were not given 

Pa rameter 

D ischarge (cfs) 

Temperatu re (C )  

p H  

Concentration ( mg/l iter) 

B ica rbonate 

Chloride 

F l uoride 

Sil ica 

Sulfate 

Total d issolved solids 

Total hard n ess (as CaC03 ) 

Total a l k a l i n ity (as CaC03 ) 

Ca 

Mg 

Na 

M ean/(range) 

u.s. Forest 
Service dataa 

1 .9 
( 1 . 1 -4. 1 )  

9 
(0-23) 

6. 1 
(4.6-8.0) 

1 7  
(0-70) 

0.3 
(0-0.5) 

1 42 
(40-265) 

1 49 
(0-330 ) 

1 02 
(60- 1 90) 

1 3  
(0-35) 

Purty mun et a l .  
( 1 978)  d atab 

5 
(0- 1 1 )  

6.2 
(4.3-7. 5 )  

9 
(4- 1 4 )  

27 
( 1 6-33) 

0.4 
(0.3-0.4)  

37 
( 33-39) 

1 33 
( 1 02-1 56) 

22 1 
( 1 94-258) 

1 56 
( 1 25 - 1 7 2 )  

46 
( 36-54) 

1 0  
(9- 1 2 ) 

20 
( 1 5-24) 

a publ ished in  W. D .  Purtymun,  F. G. West, and W. H .  Adams, 
"Prel i mi nary Study of the Qual ity of Water in the D ra inage Area of the 
Jemez R iver and R io G uadalu pe," Los Ala mos Scientific Laboratory 
I nformal Rep. No. LA-5595-MS, Los Ala mos, N .M.  ( 1 974 ) .  

b W. D.  Pu rty mun ,  W .  H.  Ad a ms, a nd A. K. Stok er,  "Water Qua l ity in  
Vicin ity of Fenton H i l l  Site, 1 976," Los Ala mos Scientific Laboratory 
I nformal Rep. No. LA-7307-MS, Los A lamos, N . M .  ( 1 978) .  Data for 
samples col lected Apr. 27, Aug. 8, and Nov. 1 9 , 1 976. 
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very l ittle d ifference in the concentrat ions of mo st chemical cons tituents 

in San Antonio Creek water between points above and be low its confluence 

with Sulfur Creek (Purtymun et a l .  1974 : Table 1) . Water temperatures 

in San Antonio Creek are often above 20° C ( 68 °F) during the summer , and 

the maximum temperature reported is 24°C  ( 7 5 . 2 °F) (U . S .  Forest Service 

data from Table 3 in Purtymun et a l .  1974) . The pH values repor ted 

for San Antonio Cr eek range from 7 . 3  (Flavill and Whit ford 1978)  to 

8 . 8  ( Purtymun et  a l .  1 9 74) . The total hardness and alkalinity of San 

Antonio Cr eek water are primar ily a result of bicarbonate ; these average 

about 50 and 60 mg/liter (as CaC0 3 ) ,  respectively . Fluoride concentra

tions are higher in San Antonio Creek than in either Redondo or Sulfur 

Creek and average about 1 . 3  mg /liter (Purtymun et al . 1974 ) . The 

d ischarge of San Antonio Creek , measured on 11 occas ions by the U .. S .  

Forest Service ( Purtymun et  al . 1974 : Table 3 ) , ranged from about 

22 5-4250 l iter s / sec (8 to 150 cfs) and averaged about 850  liters/sec 

( 3 0  cfs) . 

The concentrations of  many chemical parameters in Jemez River water 

( e . g . , bicarbonate , chloride,  sulfur , arsenic , boron , iron , lithium , 

and sodium) vary subs tantially with location , primarily because of 

changes in the base flow c aused by the influx of highly mineralized 

spring water ( Trainer 1978) . Data on the chemical composition of Jemez 

River water at Bat tleship Ro ck are summarized in Table 3 . 5 .  A soda dam 

occurs on the Jemez River approximately 6 . 44 km (4 river miles) down

stream from Ba ttleship Rock. The water in both the Jemez River and San 

Antonio Creek is o f  suf f ic ient quality to support healthy res ident 

populations of brown trout ( Sect . 3 . 1 . 5 . 2) . 

3 . 1 . 3 . 1 . 2  Surface water use 

Because mos t  of  Redondo Creek is located on private land , there is  

essent ially no use of  Redondo Creek by the public (Flavill and Whi tford 

1978) . However ,  downstream areas such as San Antonio Creek and the 

Jemez River are heavily used by the publ ic for recreation , including 

trout f ishing , bathing , and camping (Moody 1 9 7 9 ) . Many of the highly 

mineralized spring waters in the area are also used by the public for 
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Table 3.5. Water chem istry uf the Jemez R iver at Battleship 
Rock, immediately below the confluence of San Antonio Creek 

and the east fork of the Jemez R iver 

Parameter 

pH 

Concentrat ion (mg/l iter)  

B icarbonate 

Chloride 

F l uoride 

Si l ica 

Sulfate 

Total d issolved sol ids 

Total h a rd ness (as CaC03 ) 

As 

B 

Br  

Cd 

Ca 

Cr 

Fe 

Pb 

Li 

Mg 

Mn 

Se 

Ag 

Na 

Hg 

Zn 

Nov. 1 4, 1 97 4a 

7 1  

6 

0.9 

50 

1 3  

1 33 

50 

0.006 

0.04 

0.0001 

0.001 

1 5  

<0.00 1 

0.06 

0.004 

0.08 

3 

<0.00 1 

<0.001 

<0.00 1 

1 7  

<0.0001 

<0.01 

7 .7  

64 

7 

0.6 

48 

9.4 

1 60 

54 

1 5  

4 

1 6  

a F .  W. Trai ner, "Geohyd rologic Data from the Jemez Mou nta i ns 
a nd Vicin ity, North-Central New Mex ico," U.S. Geo! .  Su rvey Water 
Resou rces I nvestigation 7 7- 1 3 1  ( 1 978) .  Data from Tab le 6. 

b W. D.  Pu rty mun,  W. H .  Ad a ms, and A. K.  Stoker, "Water 
Qual ity in  Vici n ity of Fento n H i l l  Site, 1 976," Los A lamos 
Scientific Labo ratory I n formal R ep. No. LA-7307-MS, Los Alamos, 
N . M .  ( 1 978).  Data are averages for samples col lected Apr. 27, 
Aug. 4 ,  and Nov. 1 9 , 1 976. 
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lathing . Additional downstream users are various Nat ive American Pueblos ;  

uses include bathing , irr igat ion , and medication . 

Al l local Depar tment o f  Fish and Game and university personnel who 

were contacted emphas ized the importance of San Antonio Creek and the 

Jemez River as a sport f ishery . These streams constitute a maj or por

t ion of  the f ishable surface waters within a one-day (round trip) excur

s ion from Albuquerque , Santa Fe , and Los Alamos . The New Mexico 

Department of Fish and Game has collected stat istics on angler use and 

harves t in these s treams (Patterson 19 7 7 ) ; these are summarized in 

Table 3 . 6 .  The f ish harvest consists mainly of  rainbow and brown trout 

(Se c t .  3 . 1 . 5 . 2 ) .  The Jemez River system ,  including San Antonio Creek 

and the Eas t  Fork of the Jemez River , is located in New Mexico Depar t

ment of Fish and Game Management Unit 7 .  Only 3 of the 3 5  management 

units in the S tate exceed this unit in angler-days and harvest (Patter son 

1 9 7 7 ) . In addit ion to its  recreat ional and aesthetic values , the 

fishery of the combined Jemez River system has an annual economic worth 

o f  over a mill ion do llar s (Table 3 . 6 ) . 

Table 3.6. Statistics on fishing effort, harvest, and economic values of the Jemez R iver 
fishery during the 1 975- 1 976 l icense year 

Angler  Trout harvesta,b Economic valuec 
Location daysa ( n u mber) (do l l a rs/year) 

San Anto n io Creek 4,67 1 1 4,886 $1 26,000 

East fork of the Jemez R iver 5,87 1 1 8,292 $1 59,000 

Jemez R iver 27 ,884 77,7 1 5  $753,000 

Management U n it 7 1 1 0,2 1 3  270,906 $2,976,000 

a Esti mates from R. R. Patte rso n ,  "Postal Su rvey to Determine Angler Use a nd 
Harvest," New M ex ico Dept.  of F ish a nd Game, Santa Fe ( 1 9 7 7 ) .  

b Species harvest i s  probably close t o  t h e  statewide ratio o f  s i x  ra in bow trout t o  one 
brown trout ( personal commu n icat ion,  T.  M .  Moody,  New Mex ico Dept .  of F ish and 
Game ) .  

c Based o n  a va lue of $27 pe r resident angler d ay ( personal commun ication, 
R .  R.  Patterson, New M ex ico Dept. of F ish a nd Game l . revised from T. O. Kirkpatr ick,  
"The Economic a nd Socia l  Va lues of Hunting a nd Fish ing in N ew Mex ico," Bureau of 
Business Res. ,  U n iv .  New Mex ico, Albuqu erque ( 1 965 ) .  
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The flows of San Antonio Cr eek and the Jemez River are fully 

appropriated . Indians living on the Jemez River are among tho se having 

rights to surface water (Tab le 3 . 7 ) .  Their maj or us e of surface water 

is irrigation of  farmlands . Surface water is used in Indian religious 

practices ( Sec t . 3 . 1 . 10 ) . Shallow wells along the Jemez River provide 

water for domestic use in campgrounds and cab ins along the river . 

Domestic water for l arger communit ies is from wells or springs . 

3 . 1 . 3 . 2  Groundwater 

3 . 1 . 3 . 2 . 1  Occurrence and quality 

Groundwaters in the Valles Caldera area can be clas sified according 

to either shallow or deep occurrence .  The shallow systems are those in 

which groundwater circulat ion takes place close to the land surface . 

Th e deep sys tem is that of  the geothermal reservoir , which contains 

deeply c irculating hot mineralized fluids and underlies at least a 

port ion of  Valles Caldera . 

Shallow aqui fers in Valles Caldera are of several types : (1 )  alluvial 

fan and terrace deposits and ( 2 )  valley (caldera) f ill sediments . Igneous 

ro cks generally do not contain any s ignificant aquifers in the area , 

but they s erve as temporary s torage res ervoirs and are impor tant areas 

of groundwater recharge.  Th e unconsolidated sand , gravel , and s il t  

depos its o f  the alluvial fans and s tream terraces are located a t  higher 

elevations b ack from the existing s tream valleys and up the slopes of  

the rhyo lite domes . Groundwater occurs under water-table (unconfined) 

cond it ions in these aqui fers . The potentiometric surface may b e  as 

much as 9 . 1  m (30  ft )  b elow land surface in the higher terrace areas 

(Conover , Theis , and Gr iggs 1963 ; Gr iggs and Hem 1964 ) . 

Pumiceous sand and gravel depos its within the intermountain bas ins 

compris e the primary aquifer of Valles Caldera . The permeab le sand and 

gravel units may b e  as much as 2 68 . 2  m ( 880 ft )  thick ; these are overlain 

by , and interfinger with , clay b eds . Within Valle Grande , the largest 

valley of the caldera,  the clay unit overlying the aquifer is conf ined 

by the clay z one (artes ian) , and the potent iometric surface can be more 

than 7 . 5  m ( 2 5  f t) above the land surface ( Conover , Theis , and Griggs 
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Table 3.7. Records of thermal [temperature above 1 So C  (S9° F))  springs in the Valles Caldera-Jemez Valley region, New Mexico 

I ndex map Discharge Temperature 
Specific 

and location Owner or name Aquifer Date 
[ l iters/sec (gal /min)]  rOc (0 F i l  

conductance Use/> 

n umbera ( micromhos/cm) 

A 1 US B l M  Ch inle 05/02/73 0.06 1 6.5 1 0,900 N 

(1 ) (61 . 7 )  

A 2  US B lM Chinle OS/02/73 <0.06 1 6.5 1 ,400 N 

« 1 ) (61 . 7 )  

A 3  US B lM 1 2/20/74 25.0 1 1 ,200 
(77.0) 

A 6  Jemez Pueblo Magdalena 09/1 4/24 2 1 .0 N 

(69.B) 

A 7  Jemez Pueblo Chinle 09/05/73 0. 1 3  1 5.0 2,500 N 

Bluewater Spring (2) (59.0) 

A B  Jemez Pueblo Magdalena OS/24/73 0.95 1 5.6 900 N 

Owl Spring ( 1 5) (60.0B) 

A l l Jemez Pueblo a alluv OB/30/73 22.6 7,000 0 
Indian Spring (72.6B) 

A 1 2  Jemez Pueblo a al luv 09/05/73 <0.06 l B.5 3,200 N 

« 1 ) (65.3) 

C 4  Zia Pueblo Mancos 06/05/73 0. 1 3  2 1 .0 1 0, 1 00 N 

Ojito Spring (2) (69.B) 

0 1  Santa Fe Abo OB/31 /7 3  <0.06 1 5.0 700 N 

National Forest « 1 ) (59.0) 

0 4  Jemez Pueblo P camb OS/23/73 0.57 1 5.0 450 S 

log Spring (9) (59.0) 
0 6  Jemez Valley P camb OB/2 1 /73 0.50 l B.5 1 ,000 N 

School (B) (65.3) 
E 9 Santa F e  a al luv 06/06/73 0. 1 3  1 7.5 5BO N 

National Forest (2) (63.5) 
H 2 Aqua Durme Volca n ic 05/0B/73 6.31 1 6.0 1 60 P 

Spring ( 1 00) (60.B) 
H 3  Magdalena 07/1 3/7 3 p. 1 3  1 5.0 1 ,450 N 

(2) (59.0) 
1 2/01/72 4B.0 B,ooO 0 

( l l B.4) 
H 6 Magdalena 03/0B/73 45.5 B,OOO 0 

( 1 1 3.9) 
H 7 Magdalena 03/22/7B 37.0 B,ooO N 

(9B.6) 
H B  Magdalena 1 0/31/72 36.5 7 ,BOO N 

(97.7) 
H 9  Magdalena 1 1 /1 7/72 36.0 6,320 N 

(96.B) 
H 1 0  Magdalena 1 1 /1 7/72 29.0 6,2BO N 

(B4.2) 
H 1 3  a alluv 1 1 /1 7/72 47.0 3, 1 00 N 

( 1 1 6.6) 
1 2/02/72 0 . 1 3  75.0 3,930 N 

( 1 ) ( 1 67.0) 
H. 1 4  Jemez Springs a al luv 02/2 1 173 0 . 1 3  7 1 .5 4,700 

Vil lage ( 1 ) ( 1 60.7) 
H 1 5  Jemez Springs a alluv 1 2/02/72 69.0 4,000 0 

V i ll age ( 1 56.2) 
H 1 6  Jemez Springs a al luv 1 2/02/72 0.2B 55.0 5,500 N 

Vil l age (4.5) ( 1 3 1 .0) 
H 1 9  AbolJsleman a al luv 05/1B/73 4B.5 3,600 N 

( 1 1 9.3) 
H 26 Volcanic 1 2/04/72 1 9.0 1 65 N 

(66.2) 
H 27 Volcanic 1 2 /04/72 1 5.0 2 1 5  P 

(59.0) 
H 31 Santa Fe Magdalena 09124/73 <0.06 1 6.5 2,700 N 

National Forest « 1 ) (61 .7)  
H 32 Santa Fe Viagdalena 0 1 /1 7/73 1 .0 1  l B.5 2,200 N 

National Fo rest ( 1 6) (65.3) 
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Table 3.7. (continued) 

Index map 
Discharge Specific 

and location Owner or name Aquifer Date Temperature 
conductance Use!> 

numbera [ l iters/sec (gal/min) ]  rOc (o F ) ]  
(micromhos/cm) 

H 3Il  Santa Fe Volcanic 09/29/72 3 1 .0 185 N 
National Forest (87.8) 

H 38  Santa Fe Magdalena 09/29/72 3 1 .0 1 90 N 
National Forest (87.8) 

H 39 McCauley Volcanic 0 1 / 1 6/73 23.22 3 1 .5 1 80 0 
Spring (368) (88.7) 

H 40 Santa Fe Abousleman 07/03/73 <0.06 2 1 .0 1 ,780 N 
National Forest « 1 ) (69.8) 

H 4 1  Santa Fe Abousleman 05/10/73 1 6.5 1 ,470 N 
National Forest (61 .7 )  

H 42 Spence Spring Volcanic 1 2/01 /72 2.78 40.05 282 0 
(44) ( 1 04.9) 

H 43 Santa Fe Volcanic 09/29/72 0. 1 3  34.0 240 N 
National Forest (2) (93.2) 

P 2  Sulphur Spring Q uncon 1 1 /04/63 87.0 1 3,800 N 
( 1 88.6) 

P 1 1  Santa F e  Volcanic 1 0/1 2/72 0.06 20.5 1 1 0  N 
National Forest ( 1 ) (68.9) 

09/28/72 9.91 40.0 1 30 0 
( 1 5 7 )  ( 1 04.0) 

1 2/01/72 1 3.88 40.5 1 20 
(220) ( 1 04.9) 

P 1 2  San Antonio Volcanic 05/1 6/73 20.38 40.0 1 1 0  
Hot Spring (323) ( 1 04.0) 

P 1 3  Simta Fe Volcanic 1 0/04/72 <0.06 1 6.5 1 05 N 
National Forest « 1 ) (61 . 7 )  

P 1 4  Santa F e  Volcanic 1 0/04/72 28.5 1 30 N 
National Forest (83.3) 

P ' 1 5  Santa F e  Volcanic 1 0/04/72 29.0 1 25 N 
National Forest (84.2) 

P 1 6  Santa F e  Volcanic 1 0/04/72 <0.06 22.0 1 30 N 
National Forest « 1 ) (7 1 .6) 

P 1 9  Baca La nd and Q u ncon 07/28/49 24.5 644 S 
Cattle Co. (76. 1 ) 

--------�----- ------

a Refer to Appendix A. 
b D, domestic supply; P, public su pply;  S, l ivestock supply; N, not used or used occasiona l ly ;  0, other use. 

Source: Modified from F. W. Trainer, "Geohydrologic Data from the Jemez Mountains and Vicinity, North·Central New Mexico," U.S. 
Geological Survey W R I  77· 1 3 1 ,  1 978. 

19 6 3 ;  Gr iggs and Hem 1964) . An aquifer test in Valle Grande determined 

a coefficient of transmiss ib il ity of at least 2000 l iters / day /m 

( 2 5 , 000 gal l day /ft)  for the caldera fill sediments ; the coef ficient of  

s torage was not  determined . The specific capacity of the pumped well 

was approximately 0 . 8  li ter /minim (10 gal/min/ ft)  of drawdown ; a specific 

capaci ty of  4 liters /minim (50  gal /min/ft)  of  drawdown could probab ly 

b e  expect8d in the intermountain basin areas . A potential groundwat er 

pumpage of 6 3  liters /sec (1000 gal /min) cculd be developed per well in 

the Valle Grande area alone ; however , such development would reduce 
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groundwater outflow (springs , base flow of streams ) correspondingly 

(Conover , Theis , and Griggs 1963) . 

Interior domes are not classif ied as maj or aquifers , but in the 

caldera area , some notable circulat ion occurs in relationship to them . 

Three s igni f icant warm springs issue from the Valles Rhyolite of  volcanoes 

along the ring-fracture system of  the caldera . These are San Antonio 

Ho t Spring , Sp ence Sp ring , and McCauley Spr ing (Tab le 3 . 7 ) . Chemical 

analyses indicate that the water is not derived from the geothermal 

reservoir . The depth of circulat ion is not known , but flow appears to be 

restricted ent irely to the Valles Rhyolite and not underlying format ions 

such as the Abo (Trainer 1974) . 

The shallow groundwater reservoirs are rechar ged primarily by pre

c ip itation (rain and meltwater from snow) on the s lopes of the inter ior 

domes , the inner caldera rim escarpment , and the alluvial fans . Spring 

rivulets also inf iltrate alluvial fans , contribut ing to groundwater 

locally . Minor recharge occurs on valley floors . The blocky , porous 

rhyolite dome crusts provide inf iltrat ion routes . Recharging water 

moves down and laterally through the surficial dome material and alluvial 

fan and terrace deposits into the main aquifer (Fig . 3 . 18) . Shallow 

groundwater movement within Valles Caldera is mainly toward the spr ing 

area heading the East Fork of  the Jemez River . The East Fork is a 

gaining stream whose flow is mainta ined by goundwater out flow . Ground

water outflow in Valle Grande alone is es t imated to be 86 liters /sec 

( 2 200 acre-ft /year) (Conover , Theis , and Griggs 1 9 6 3 ) . Minor movement of  

groundwater is  toward Jaramillo Creek, which may gain as much as 

31 . 6  l it ers/sec (500 gal /min) of  flow . 

The East Fork of the Jemez River and Jaramillo Creek are , therefore , 

maj or groundwater discharge areas , as are a number of  springs within the 

caldera ( Griggs and Hem 1964) . An extremely imp ortant discharge area of  

the Valles Caldera aquifer is the main aquifer of  the Los Alamos area . 

This aquifer , which compr ises the Puye and Tesuque Formations of  the 

Santa Fe Group , discharges into the Rio Grande . Calculated outf low 

(and recharge) is 168 to 215 l iters /sec (4 , 300 to 5 , 500 acre-ft /year) 

within an 18 . 4-km (11 . 5-mi1e) gaining reach (Purtymun and Johansen 1974) . 
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Shallow groundwater quality in the Valles Caldera is considered good . 

The water is  low in total dissolved solids , which range from 125 to 

165 ppm .  Hardness  (as CaC0 3 ) varies between 19 and 96  ppm. Fluoride 

concentrations are surprisingly low for an area of volcanic terrain , 

ranging from 0 . 2  to 0 . 8  ppm. Silica concentrat ions fall between 44  and 

75 ppm (Conover , Theis , and Griggs 1963) . 

The deep groundwater (geothermal) system is described in Sect . 

3 . 1 . 2 . 3 . The reservoir is  comprised primarily of  fractured volcanic and 

underlying sedimentary rocks . The fractured material contains and 

transmits reservoir fluids (Union Oil Co . 1978) . Limes tone (Magdalena 

Group ) of the downdropped caldera interior could possibly be impor tant to 

the geothermal reservoir in that porosity and permeability would be 

greatly developed by solutioning from the hot carbon dioxide-rich 

volcanic water (carb onic acid) (Trainer 1974) . The reservoir f luids are 

under artesian condit ions , conf ined by overlying altered country rock 

( Sect . 3 . 1 . 2 . 3 ) . S tatic fluid levels in steam wells are 244 to 366 m 

(800 to  1 , 200 ft )  below land surface (Union Oil Co . 1978) . 

Reservo ir prop erties were determined from preliminary data calcul

ated from pres sure-buildup analyses and a six-month reservoir inter

ference test . The permeabili ty-thickness product Kh ranged f rom 2025 

to  8630 millidarcy-feet . The Kh for the entire reservoir is t aken to be 

6 , 000 ± 500 millidarcy-feet . The reservo ir poros ity-thickness p roduct , 

¢h , has been determined to be 2 7 . 4  m ( 9 0  ft )  (Union Oil Co . 1978) . The 

"best estimate" o f  transmissibility used in a res ervoir dep let ion model 

( Sect . 4 . 2 . 2 . 2 ) was equal to 2 . 4  m2 /day (26 . 10 ft 2 /day) ; this was based 

on a static head of 2316 . 5  m ( 7 , 600 ft ) , a porosity of  10% , and a f luid 

withdrawal rate of 6242 . 98 m3 /day ( 2 . 206 x 10 5 ft 3 / day) (Water Resources 

As sociates 1 9 7 7 ) . 

Ultimate recharge areas for the Valles Caldera geothermal system 

are probably the same as those for the shallow groundwater sys tem. 

Isotope data show a meteoric origin of undetermined age (Union Oil Co . 

1978) . Groundwater conta ined within the Valles Caldera aqui fers slowly 

recharges the geothermal system at dep th by leakage through confining 

layers such as the altered caprock and by percolation downward through 

j o ints , fractures , and fault zones . The recharging waters move downward 
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and laterally through the geothermal reservoir . During their residence , 

the meteoric waters are chemically altered by wall-rock and perhaps 

j uvenile water contribution and are heated by the underlying magma body . 

Pos sib le discharge areas are indicated in part by the locations of  

thermal springs (Table 3 . 7 ) . Although no t all  thermal springs (e . g . ,  

McCauley Spring) contain geothermal reservoir f luids , many thermal and 

s ome cold springs in the general area do . Geothermal fluids are known 

to  discharge along the Jemez River in S an Diego Canyon , southwest of 

the caldera. Suspected discharge areas lie even farther from the caldera , 

at  the we stern foot o f  the Sierra Nacimiento (Trainer 19 74 ) . It should 

be pointed out that the geothermal discharges could be derived from one 

or more reservoirs separate from that underlying the proj ect area . 

The principal addition to the base flow of the Jemez River between 

the caldera rim and its confluence with Rio Guadalupe is discharge f rom 

Soda Dam and Jemez Springs (Fig . 3 . 2 and Tab le 3 . 7 ) (Trainer 19 7 4 ) . The 

contribution from a geothermal reservoir at these springs has been 

cal culated to be 10 . 35 liters/ sec (164 gal/min) using arsenic dilution 

ratios (Water Resources As sociates 19 7 7 )  and at least 13 . 7  liters /sec 

(217 gal/min) using dilution ratios of  chloride , bromide , boron , and 

lithium (Trainer 19 75 ) . From the conf luence with the Rio Guadalupe 

downstream to San Ys idro , mineralized geothermal-reservo ir-derived , 

nonthermal as well as thermal springs contribute to river b ase flow . 

The distribut ion o f  the reservo ir-f luid discharge points coinc ides with 

known fault zones . The deep , interconnected faults accommodate drainage 

from a geo thermal reservoir , which might or might not be the one under

lying Redondo Creek Canyon . Warm mineralized waters in the S ierra 

Nacimiento could have the same provenance , since a known fault network 

exists between that locality and the caldera (Trainer 1974) . 

The reservoir fluid quality has been analyzed for five of  the Baca 

wells (Tab le 3 . 8 ) . The average chemistry of the produced fluids is  

given in Table 3 . 9 ;  as can be seen , the reservoir fluid is a sodium 

chloride-type water of  approximately neutral pH (Union Oil Co . 19 7 8 ) . 

The fluid to  st eam fract ion ranges from 22%  ( in Baca well 6)  to 61% 

(Baca well 15) . The weighted average of the noncondensab le gases is 

2 . 5 1% (Tab le 3 . 10 ) . More than 99% of the noncondensable gas fract ion is 
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Table 3.8. Geothermal fluid analyses for Baca wells 

( Data provided by a ppl icants) 

Numbt::r (.If R ange Concentration 
N u mber known toxic to 

of sampl es wel l s  sampled M ini mu m  Max i mu m aqu atic biotaS 

p H  1 1  5 6.0 9.5 
Constituent, mg/I iter 

TD S  1 4  5 3 1 7 0  7860 
F luor id e  1 2  5 6.3 2 1 .2 
Ag 1 <0.03 
AI 2 2 0.2 1 .0 
As 1 6  5 0.3 1 0  0.022 
B 1 3  5 1 1 .2 40.2 0.69 
Ba 1 0.3 5.3 
Be 2 2 <0.01  0.02 1 
Br 2 2 4.6 9.0 0. 1 8  
Cd 2 2 0.000 <0.02 
Co 2 2. 0.000 <0.02 
Cr <0.004 0.005 
Cu 1 <0.02 0.0006 
Fe 6 4 0. 1 3  1 8  0.2 
Hg 2 2 0.000 1 0.0009 0 .0001 
Mg 8 5 <0. 1  5.3 
Mn 2 2 0.0 1 6  0. 1 1  0.35 
Mo 2 2 0.0 1 0  0. 1  
N i  <0.05 0.03 
Pb 1 0 . 1  0.007 
Se 4 2 <0.005 <0.01 
V 1 <0.02 
Zn 2 2 0.01 0 . 1  0.01 
Rb 4.3 1 4.0 

a Cushman,  H i ld eb rand, Strand , and And erson ( 1 977 ) .  
b Total d i ssolved sol ids.  

composed of  carbon dioxide ; minor amounts of hydro gen sulfide , nitrogen , 

hydrogen , and methane comprise the remainder (Union Oil Co . 1 9 7 8 ) . 

The Sulfur Springs area i3 a group of  about a d ozen hot springs ane: 

fumaroles ( Sect . 3 . 1 . 2 . 3 ) .  Although believed to be disconnected from 

the main fluid-dominated reservo ir supp lying the proj ect 've11 field , 

their hydrologic system deserves ment ion . The springs (Tab le 3 . 7 ) 

discharge small quantities o f  low-pH , high-temper ature , su1fate-ric.h 

water al ong with carbon dioxide and hydro gen sulfide gases . The Sulfur 

Springs area is thought to be underlain by a vapor-dominated reservoir , 
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Table 3.9. Average chemistry of produced flu id 

Brine u ncorrected for 
flash 

No. of 
Average samples 

p H  7.2 26 
Suspended sol ids, mg/l iter 3 1 9  1 3  
Total d issolved sol ids, 6093 24 

mg/liter 
Si02 , mg/l iter 599 40 
C03 2- 1 9  27 
HC03 - 1 27 26 
S- 2 1 5  
S042- 64 23 
C 1 - 3061 43 
N a  1 749 43 
K 370 43 
Ca 1 5  42 
Mg 0.3 2 1  
B a  0 .05 6 
B 23 26 
F 6 2 1  

Source : Baca Demo Pla nt Project Proposa l .  

Table 3 . 1 0. Average noncondensable gas chemistry 

Noncondensable gases i n  steam phase : 
2 . 1 5% by weight ( 29 sa mples) ,  1 .04% by volu me 

Condensate 

Average 
No. ot 

sampl es 

4.5 20 
4.9 1 6  

29 2 1  

29 2 1  
0 20 
6.6 1 9  
8.6 
1 .8 1 7  

1 7  25 
6 23 
1 .4 23 
0.4 1 9  
0.2 2 1  
0.04 7 
0.8 2 1  

<0.2 8 

Constituent 
Average ppm Average ppm 

No.  of  samples 
by weight by volume 

CO 2 28,254 1 1 ,973 28 
H 2 S 204 1 25 3 1  
N 2 42 28 26 
H2 1 .6 1 4  31 
C H4 1 .4 1 . 6 2 1  



3-58 

which is recharged by intracaldera precip itat ion . Wat er at or near the 

boiling point at the potent iometric surface r ises through an unsaturated 

zone , condens ing as it nears the land surface . Mo s t  of the condensate 

inf i ltrates back downward to the reservoir ; however , a port ion is carried 

upward along with the associated gases . The aggress ive f luid attacks 

the country rock , hydrothermally alt�ring it . Hydrogen sulf ide is 

oxid ized to sulfuric acid near the land surface , contribut ing to the 

ac id ic ,  high-sulfate spring water (Trainer 1974) . 

3 . 1 . 3 . 2 . 2  Us e 

Gro undwater f rom wells and springs in the Valles Caldera region is 

used primarily for l ives tock and domestic supplies . The uses given in 

Tab le 3 . 7  for springs apply also to wells . The "o ther " category includes 

such uses as bathing , drinking , and picnic ground and camp ing supplies . 

The Pueblos use groundwater primarily for domestic purposes , such as 

dr inking and bathing . Springs also have religious s ignif icance to the 

Indians in the area.  

Thermal springs known to derive a portion of  their f low from the 

geo thermal res ervo ir are used for bathing . One o f  the thermal sp r ings 

(H-15)  at Jemez Springs (Figs . 3 . 2  and A-6 and Tab le 3 . 7 ) is used to 

supply a commercial pub lic bath . In addit ion , a thermal spring (H-6) 

at Soda Dam (Figs . 3 . 2  and A- 6 and Table 3 . 7 ) is used occas ionally for 

bathing , as is Indian Sp ring (D- 6 ,  Fig s .  3 . 2 and A-4 and Tab le 3 . 7 ) 

by Jemez Pueblo (Trainer 19 74  and 1978) . 

3 . 1 . 4  Meteorology and air quality 

3 . 1 .  4 . 1  C l imate 

3 . 1 . 4 . 1 . 1  General influences 

New Mexico has a mild , arid or semiarid continental climate  char

acterized by light precip itat ion totals , abundant sunshine , low relative 

humidities , and relatively large annual and diurnal temperature ranges . 

Location and topography p lay maj or ro les in determining the climate  for 

any specif ic locality . The proj ect s ite is located in Redondo Canyon at 
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an alt itude o f  2 700 m ( 8858 ft )  above sea level , with nearby peaks 

ranging up to 3400 m ( 11 , 155 f t ) . The canyon f loor s lopes from north

northeast to south-s outhwest , with an elevat ion change of about 300 m 

( 9 8 4  f t ) . 

3 . 1 . 4 . 1 . 2  Winds 

Sur face wind observations exist for the proj ect s ite , for two s ites 

( Upper Forks and Lower Forks ) near the head of the canyon and for the 

Meadow s i t e ,  a f lat location below the mouth o f  the canyon ( Fig . 3 . 21) . 

All of these wind observat ions were ob tained us ing Meteorology Research 

Incorporated mechanical weather s tations (models 10 7 1  and 1073) . In all 

cases , the wind observations refer to 2 . 4 m (8 ft) above local terrain 

height . 

Wind speed and d irection were measured hourly at the proj ect s ite 

for an I I-month period star ting in October 197 4 .  Data for a total of 

260 days were collected . The prevailing wind d irect ions exhib it a 

pr�nounced diurnal effect , as illus trated in Figs . 4 . 2  and 4 . 3  ( Sect . 

4 . 2 . 3 ) . In this region of f requently cloud-free skies and low humid ity , 

nocturnal heat losses from the ground are quite large . These heat 

losses result in cooling the air immed iately above the earth ' s  surface 

more rap idly than the air aloft . The cooler , more dense air drains 

downhill , flowing from the nor th-northeast as it follows the orientat ion 

of Redondo Canyon toward lower elevations . During the day , the f low 

f ield is reversed.  The sunlit cliffs above the valley f loor are heated 

by the s trong solar radiation . The warmer , less dense air rises and is 

replaced by air f lowing up the valley from the south-southwes t .  

Measured wind speeds are quite low, averaging 1 . 4  m/sec ( 3  mph) 

from 7 PM to 10 AM and 1 . 7 m/sec ( 3 . 8 mph) f rom 10 AM to 7 PM . The 

overall average wind speed is 1 . 5 m/sec ( 3 . 3 mph) . The recorded wind 

speeds were les s than 2 . 7 m/sec ( 6  mph) 87 . 7%  o f  all hours and exceeded 

4 . 5 m/ sec (10 mph) only 1% of  the period of  record . 

At two nearby s ites , topographical influences do not produce a 

dramatic d iurnal wind d irect ion variation . At the meadow s ite , winds 
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from the southwest dominate during the day , but no s trong preference is 

noted at  night . Data from the upper forks site show a prevalent wind 

from the southwest at all hours . 

Variat ions in wind speeds as a funct ion of height were measured for 

two eight-day p er iods at the meadow s ite . These measurement s were made 

by tracking weather baloons s ix t imes daily using a doub le theodo lite 

method . For some of  the releases , the baloons carried radiosonde 

transmitters that made possib le the recording of temperature data . 

Dur ing August 1975  the average speed increased from 2 . 37 m/ sec (5 . 3  mph) 

at the surface to 4 . 5 6 m/ sec ( 10 . 2  mph) at the l524-m (5000-ft)  level .  

Corresponding data collected in November 19 75  showed an increase from 

4 . 5 2  m/sec ( 10 . 1  mph) at the surface to 9 . 2 1  m/sec ( 20 . 6  mph) at 15 2 4  m 

(5 000 ft ) . 

3 . 1 . 4 . 1 . 3  Precipitation 

The average annual p recipitation in the proj ect area is about 45 cm 

( 18 in . ) ,  with monthly averages of 2 . 5  cm (1 in . ) or less from Novemb er 

through April and as high as 7 . 6  cm (3 in . )  in August .  Summer precip ita

t ion is  generally caused by localized convect ive activity forming over the 

mountains in the afternoon and producing locally heavy showers .  Winter 

precip itation generally occur s as snow , with average depth accumulations 

up to 2 m (7 f t )  at the higher e levat ions during the s eason . 

3 . 1 . 4 . 1 . 4  Temperature 

Temperatures at the site are mi ld . The average daily minimum 

t emperature in January is -11°C ( 12 ° F) , with a reported minimum of -23°C  

(9 0 F ) , while the average January maximum is  7 °C ( 4 4 ° F ) . In the warmest 

month , July , the mean minimum temperature is 11°C  ( 5 2 °F)  and the mean 

maximum is 3 2 ° C  ( 9 0 ° F) . Because of top ographical influences , large 

d iurnal temperature fluctuat ions occur . 

3 . 1 . 4 . 2  Air quality 

Operation of the proposed proj ect will result in releases of gases 

and particulates into the atmosphere . The gases include carbon dioxid e ,  
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hydrogen sulfide , nitrogen , hydrogen , and methane . Because of the 

concentrat ions involved , the only gas of environmental cons equence is 

hydrogen sulf ide . The New Mexico ( l-hr ) amb ient air standard for 

hydrogen sulfide has recently been revised ; it is now 10 ppb at the property 

boundary. One excur s ion of up to 35 ppb on a 1-hr avera�r per year is 

permitted . 

Between September 1974  and November 1975 , hydro gen sulfide concen

trat ions were measured at 50 s ites both at the well field and in 

surrounding areas .  Co1ortec H2 S detectors (Metronics Associates , Inc . ) 

were employed . High concentrat ions were measured clo se to wells and 

close to natural sources of  hydrogen sulfide . High concentrat ions of H2 S 

occur close to natural emiss ions both on and off  the Baca property . 

Long-term concentrat ions for naturally occurring emiss ions averaged 

as high as 11 ppb , with 24-hr concentrat ions as high as 65 ppb . Thus at 

several sites the background concentrations exceed the New Mexico amb ient 

standard for hydrogen sulf ide because of natural venting . 

Suspended particulate measurements , using a high-volume air sampler , 

were made at a s ite on Redondo Creek for thirty 24-hr periods during 

Sept ember-November 19 7 5 .  The values ranged from 2 to 110 �g/m3 with a 

geometric mean of 40 � g /m3 . The secondary National Ambient Air Qual ity 

Standard (NAAQS ) for a 24-hr per iod is 150 � g /m3 , while the annual NAAQS 

is 60 �g/m3 . These standards are exceeded upon occasion in semiarid 

regions as a result of naturally occurring wind-blown dust . 

3 . 1 . 5  Eco logy 

The following discussion of ecolo gy draws heavily on recent s ite

specific biological studies perf ormed for the Union Geothermal Divis ion , 

Union Oil Company o f  California , and the Public Service Company of New 

Mexico (Whit ford 1 97 4 ;  Whitford Eco logical Consultants 1975a , 1975b , 

19 75 c ;  Public Service Company of New Mexico 19 78 ; F1avi11 and Whit ford 

19 7 8) . For the sake of  brevity , only salient details from these s tudies 

• 

and from other informat ion sources will be discussed in the present 

document . The s ite-specific studies , in their entirety , were made available 

for public inspect ion upon issuance of the draft impact statement . 
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3 . 1 . 5 . 1  Terrestrial ecology 

This descript ion of terrestrial eco lo gy cons iders the general 

study region outlined in Fig . 3 . 19 ,  which encompasses the main proj ect 

area in Redondo Canyon and the proposed transmiss ion corridors . The 

s tudy region is topographically and ecologically diverse . The varied 

topography includes open ro lling meadows , mountains , and steep narrow

walled canyons . Variations in elevation , slope , and aspect result in a 

divers ity o f  veget ation types . The divers ity of  hab itats , the remoteness , 

and the long history o f  restric ted acces s as a result of  private ownership 

have contributed to  making the Baca Locat ion an excellent wildlife 

habitat . 

3 . 1 . 5 . 1 . 1  Vegetat ion 

This description of vegetation communities is condensed partially 

from Pilz and Sabo ( 19 7 9 ) , which contains a large-scale vegetat ion map of 

the s tudy region . The map was drawn from aerial pho tography and heli

copter surveys , supplemented by ground collection of  plant mat erials at 

selected s ites throughout the study region . Figure 3 . 19 is a small

scale map generalized from this large vegetation map . The Los Alamos 

Scientific Laboratory (LASL) Final Environmental Impact Statement (U . S .  

• Department o f  Energy 1 9 7 9 )  contains a discuss ion o f  vegetat ion communit ies 

east of the Baca Locat ion . 

The Jemez Mountains (and the nearby Sangre de Cris tos)  are the 

southernmost extens ion of Bailey ' s  Rocky Mountain Fores t Province 

(Bailey 1978) . The vege tational communit ies found in the Jemez Mountains 

are s imilar to those f ound throughout the southern Rocki es , as described 

by Bailey . Vegetat ional zones are primarily controlled by elevat ion and 

slope exposure , which in turn affect mo isture , temperature , and ins ola

tion . The diversity of vegetational communi ties in the s tudy region 

results partly from the large elevational gradient and partly from the 

abrupt changes in slope and aspect as sociated with the var ied topography . 

Elevat ions on the study area range from about 2225  m ( 7 300 ft )  at the 

terminus of the proposed transmiss ion route , near Los Alamos , to over 

3430 m ( 11 , 250 ft) at the top of Redondo Peak , adj acent to the main 
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Fig.  3 . 19 .  Vege tation map of  Baca s tudy region . Source : Public 
Se rvice Company of  New Mexico , 19 78 . 
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p roj ect s ite . Because of the east-west orientat ion of  the drainages and 

maj or canyons ,  there are pronounced north-south slope ef fect s ,  with cor

responding difference s in vegetation .  The varied topography also results 

in differences in vegetat ion along ridges and ravine s .  The various 

vegetation zones extend down along ravine s to lower elevations,  and 

conversely , lower vegetat ion zones extend to higher elevat ions along 

ridges . These effects produce an inter lo cking comp lex o f  vegetation 

z ones . Edaphic factors and successional stages add another level of  

diversity . 

Eight maj or vegetation complexes or community types are described 

for the study region . Detailed descriptions of these communit ies may be 

found in Appendix B.  Coniferous trees dominate the vegetation in the 

s tudy region . There are four distinct coniferous communities : spruce

f ir ,  mixed conifer , pondero sa p ine , and p inyon-j uniper . The mixed

conifer type is the most common community within Baca Locat ion . It 

occurs general ly at locations between 2575 and 2880 m (8500 to 9500 f t ) . 

Other fores t types do not clear ly break from this community , The mixed

conifer type grades into a spruce-fir associat ion at elevations above 

2 880 m (9500  ft )  or at lower elevat ions on cool north-facing slopes . 

Extens ive stands of the spruce- fir community occur on Redondo Peak and 

on the Sierra de Los Va110s (see Fig.  3 . 19 ) . The mixed-conifer com

munity grades into a pure pondero sa p ine type at  elevations below 2 5 7 5  m 

(8500  f t )  and at higher elevat ions on the xeric south-facing slopes . 

E1evat iona1 ranges for the community types are only general , however ,  

s ince the pronounced north-south slope effects may result in a north 

s lope harboring a mixed-con ifer type down to 2286 m ( 7500 f t )  or a south 

s lope at 9000 ft supporting a p onderosa p ine community . The p inyon

j uniper community (not shown in Fig . 3 . 19)  occur s generally below 2134 m 

( 7000 ft )  and occupies large port ions o f  the lower-elevation mesa tops 

to  the south and east of Baca Locat ion . 

Succession following logging or fires in the spruce-fir and mixed

conifer communities results in an aspen sera1 s tage . S tands of large 

mature aspen are common in these two coniferous communities . Secondary 

succession within the ponderosa habitat results in a brush vegetat ion of 

Cercocarpus� Ceanothus� and oaks . 
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Large sect ions of the forest within Baca Locat ion have been dis turbed 

by c lear cut ting within the last 15 years . Mos t  of the clear cuts are 

on north slopes . Clear cut s are delineated as a separate vegetat ion 

type in Fi g .  3 . 19 .  This is because the severity of the disturbance 

and the large amounts of slash left in place have retarded natural 

succession .  

Three types o f  meadows are encountered on Baca Locat ion . The 

large open valley meadows , the va l les, are formed on lacustrine deposits  

left by an anc ient lake that once f illed the Valles Caldera . The caldera 

takes its name from these large meadows . The mos t  extens ive o f  these is 

the Valle Grande ,  which c overs approximately /+1 km2 (16 square miles ) . 

Other va l les within Baca Locat ion are indicated in Fig .  3 . 19 .  Because 

of their history of graz ing use , the large va l les probably do not support 

a rare or unique flora . However ,  the va l les may be cons idered a valuable 

and unique commun ity because such high-elevation meadows are rare within 

the S tate . The condit ions that created these va l les occur nowhere else 

in New Mexico . 

The other two types of  meadows occurring within the s tudy region 

are wet meadows and alp ine meadows . Wet meadows occur in seep areas or 

along stream s ites . The alpine meadows o ccur on the summits o f  the 

caldera mountain masses and are quite distinct from the other two types 

o f  meadows within the Baca Lo cat ion . 

Other vegetation habitats described in the Baca study re gion have a 

l imited and patchy distribut ion . A riparian vegetat ion type is found 

a long st reams . Talus s lopes occur on mos t  of  the mountains and hill

s ides in the region . Excep t for a few deep-rooted shrubs , unstabilized 

talus s lopes are devo id of  flowering p lants .  Stab il ized forested talus 

s lopes in var ious s tages of success ion are hab itat for the S tate-designated 

endangered ,Temez Mountains s alamander , discl1sssd in Sec t .  3 . 1. 5 . 3 . 

3 . 1. 5 . 1 . 2  Fauna 

The fauna of the Raca study region consists  of species that typ ically 

oc cur in the moun tains of nor thern New Mexico and throughout the southern 

Rocky Mountains . The Jemez Moun t ains are re1 a t ively ren,o te and undevel

oped and are excellent wildlife habitat . In the Saca study region , the 
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number of vegetat ion types and their distribution as a comp lex mosaic 

re flecting the varied top ography has produced a diversity of hab itats . 

The habitat diversity is reflected in the faunal diversity ; s ite-specific 

b io logical studies have ident ified 4 amphib ian species , 8 reptilian 

species , 25 mammal specie s ,  and 109 b ird species as occurr ing in the 

vicinity of the s tudy region (Whitford 19 74 ; Whitford Ecological Con

sultants 1 975 a ,  1975b , 1975c ; P ilz and Sabo 1979 ) . Of these , two species 

are federally listed as endangered and one is listed by the State of  New 

Mexico as an endangered species (see Sec t .  3 . 1 . 5 . 3 ) . Detailed species 

lists , census data , and habitat affinities are included in the refer

ences cited and , except for select species , will not be repeated her e .  

The divers ity of rep t iles and amphib ians i s  low , a s  would be 

expected at the high elevat ions . Three spec ies are associated with 

aquat ic habitat on the Baca Locat ion . These include the leopard frog 

(Rana pipiens ) , the chorus frog (Pseudacris triseriata) , and the tiger 

s alamander (Ambys toma tigrinum) . Two species of garter snakes and one 

horned lizard species have been documented on the Baca Location . The 

other reptile sppcies occur at lower elevations around Los Alamos (U . S .  

Department o f  Energy 1978 ) . Because of its status as a S tate endangered 

species , the mo st important of the herp etofauna of the s tudy region is 

the Jemez Mountains salamander (Ple thodon neomexicanus) . The distribu

t ion and hab itat of this species are discussed in Sect . 3 . 1 . 5 . 3 .  

Of the 109 species of  b irds observed in the vicinity of the study 

region (Pub lic Service Comp any of New Mexico 1978 ) , well over half 

p robab ly breed on the Baca Location . The rest are trans ient s ,  migrants , 

or winter vis itors . Twelve species of  rap tors , including the bald and 

go lden eagles and the peregrine falcon , have been observed in the s tudy 

region . The bald eagle and p eregrine falcon are discussed further in 

Sect . 3 . 1 . 5 . 3 .  

Small mammals identified from the study region inc lude 11 species 

of rodent s ,  cot tontail rabb its (Sy lvi lagus sp . ) , p ikas (Ochotona princeps ) ,  

the masked shrew (Sorex cinereus ) ,  and the short-tailed weasel (MUste la 

erminea) (Whit ford 1974 ; Whit ford Ecological As sociates 1975a , 19 75b , 

1 9 75 c ; Pi lz and S abo 19 79 ) . Addit ionally , the p inyon mouse (Peromyscus 

truei) and the western harvest mouse (Rei throdontomy s mega lotis ) are 
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known from the Los Alamos r egion (U . S .  Department o f  Energy 1 9 7 8 ) . The 

c ommonest and most widely distributed rodents are the deer mouse (P. 

manicu Zatis ) and the red-backed vole (CZe thrionomys gapperi ) .  Small 

mammal spec ies with restric ted distribut ion include p ikas , which occur 

on talus slopes at elevat ions above 2743  m (9 , 000 f t ) , and meadow voles 

(Micro tis pennsy Zvanicus) , which are re stricted to wet meadows . The 

vegetation types that yi�lded the greatest divers ity of  mammals are the 

mixed-conifer and wet-meadow types . Dry meadows and spruce-fir forests 

had the least divers ity . 

Medium and large mammalian p redators that have been observed within 

the Baca Locat ion include bobcats (Lynx rufus ) ,  mountain lions (Fe Zis 

conco Zor) , black bear (Ursus americanus ) ,  coyotes (Canis Za trans ) ,  and 

badgers (Taxidea taxus) .  The commonest predators are coyotes and bob

cats . The presence of bears and mountain lions attests to the largely 

undeveloped nature o f  the Jemez Mounta ins . Other medium-sized mammals 

occurring in the region include beavers (Cas tor canadensis ) , skunks 

(Mephi tis mephi tis ) ,  and raccoons (Procyon Zo tor) . 

Two big game species occur in the study region . These are the 

Rocky Mountain mule deer (Odocoi Zeus hemionus ) and the Rocky Mountain 

elk (Cervus canadensis� or C. e Zaphus by many authors ) .  Of the two , elk 

are by far the most abundant on the Baca Location . Deer primarily 

summer in the high elevat ions on the Baca Location and in the Santa Fe 

National Fore st and move to lower elevat ions , especially around the Los 

Alamo s area , during fall and winter (U . S .  Department of Energy 1978 ) . 

During the summer months , deer may be found in Redondo Canyon and on the 

adj acent slop es o f  Redondo Peak and Redondo Border (Whit ford Ecological 

Consultants 1975b) . The deer are mos t  abundant in lo gged areas , which 

provide abundant shrub s and young trees for brows e .  

The elk pop ulation in the Jemez Mountains i s  apparently healthy and 

increasing . Table 3 . 11 summarizes hunter harvest data for the manage

ment unit that includes the Jemez Mountains . Relatively good hunter 

success has been maintained in the face o f  increas ing hunting p ressure , 

indicat ing a steadily increas ing herd . 

Apart from the hunter harvest data maintained by the New Mexico 

Game and Fish Department and their annual winter aerial surveys of .,e 
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Table 3.1 1 .  Hunter harvest data for elk management u nit 9, which 
includes the entire Jemez Mountains 

Year 
N u mber of N u mber of e lk  Success ( %  0 ,  

h u nters harvested hu nters) 

1 966 290 29 1 0  
1 967 387 52 1 3.4 
1 968 425 7 1  1 6.7 
1 969 491 74 1 5.0 
1 970 595 1 1 3 1 8.9 
1 9 7 1  845 9 1 1 0.7 

1 97 2  962 59 6.0 
1 973 923 65 7 .0 
1 97 4  661 75 1 1 .3 
1 975 692 1 1 6 1 6.7 
1 97 6  1 1 25 1 22 1 0.9 
1 97 7a 1 07 4  1 44 1 3.4 

a Jemez Mountains changed to e lk  management u nit 6. 

area , there have been few studies of the Jemez elk herd . The Game and 

Fish winter aerial surveys are pr imar i ly a tool for determining age and 

sex ratios of the herd , and are not a censuS (Sneider 1 9 7 8 ) . The cowl  

calf rat ios for the las t few winter surveys also indicate a healthy and 

increasing populat ion ( Sne ider 1978) . An accurate estimate of elk 

numb ers for the ent ire Baca Locat ion does not exi s t . Whitford and PNM 

ob servat ions and counts of  pellet group p lots (Whit ford Ecological 

Consultants 19 75a , 1975b ; Pub lic Service Company of  New Mexico 19 7 8 )  

give a valuable indicat ion of elk use patterns and trends , but the 

l imited number of pellet group plots prec ludes an accurate census . 

Biologist s at the Los Alamo s  Sc ient ific Laboratory are s tudying elk 

movement pat terns by the use of radio-collared animals , but their results 

are as yet unpubl ished . 

The Baca Location is important elk hab itat both summer and winter . 

Elk summer iTl the high mountain meadows and adj acent s lopes within the 

caldera . Fi gure 3 . 20 ind icates e lk summer and winter use areas in the 

s tudy region . In the summer ,  mature bulls stay apart from the cows and 

are usually found near the small meadows surrounded by conifer forest on 

the �ghest peaks ; many spend t ile summer on Redondo Peak and Redondo 
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Fig . � . 20 .  Known elk summer and winter use areas within the Baca 
study region . 

Border (Whitford Ecolog ical Consultant s 197 5a) . Af ter the snow melt , 

the cows move in small groups to the perimeters of lower-elevation 

meadows , or va Z Z es . Calving Occurs mid-May to mid-June , primarily on 

open wooded south-fac ing slopes adj acent to the lower-elevation meadows 

(Whitford Ecolog ical Consultants 19 75b , Sweeney 1 9 7 5 ) . The Cerro del 

Media , in the east-central por tion of the Baca Locat ion , is an impor tant 

calving area . Mo st o f  the LASL radio-collared elk use this· area through 

the summer (White 1 9 7 9 ) . Other areas of the Baca Locat ion tha t are 

heavily used in sun�er by cow-and-calf group s include the Valle Seco , 

Alamo Canyon , and San Lu is Canyon,  j us t  east of Alamo Canyon (Whitford 

Ec ological Consul tants 1 9 7 5b) . 

Throughout much o f  their range in the United S tates , elk move to 

low-elevation brushlands and woodlands for the winter . In the Baca 
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study region , some elk move east t o  lower elevations around the LASL 

area (White 1 9 7 9 ) , and undoubtedly some also move to lower elevations 

west o f  the Baca Locat ion . However , most winters many elk remain on 

the Baca Locat ion , u t ilizing the lower meadows and snow-free south-fac ing 

slopes below 28 96  m ( 9 50 0  ft)  (Whit ford Ecolog ical Associates 19 7 5a) . 

Fall and winter hab itat in the s tudy region cons ists of  south slopes 

with well-es tablished stands of gambel ' s  oak ,  a pr imary browse species . 

This habitat is  abundant on the south-fac ing slopes of  Redondo Canyon ,  

a t  the south end o f  the Redondo Border , and on the south slopes of 

Redondo Peak . These areas receive heavy use by elk dur ing the winter ; 

Whitford estimates that from 100 to 300 elk winter here . Figure 3 . 21 

shows these prime winter ing areas in relat ion to the main proj ect site 

in Redondo Canyon . S imilar winter hab itat on the Baca Locat ion is 

limited . Elk are known to use the south slopes above the Valle San 

Antonio (New Mexico Game and Fish Department 1974 , 197 5 ,  197 7 )  and 

limited winter habitat in Alamo Canyon and above the Valle Seco . S ince 

suitable winter hab itat appears limited on the Baca Location , the area 

surround ing Redondo Canyon could be very impor tant winter hab itat . I t  

is  partly because o f  the value o f  this area as  elk habitat that Redondo 

Peak and Redondo Border have been identif ied as unique ecosys tems (New 

Mexico Heritage Program 1 9 7 9 ) . 

3 . 1 . 5 . 1 . 3  Well f ield and plant s ite 

The b iota of Redondo Canyon are described in detail in Whitford 

( 1 9 7 4 )  and Whitford Ecolog ical Consultants ( 1 9 7 5 a ,  197 5b , and 1975c) . 

Al though Redondo Creek Canyon is within the mixed conifer maj or vegetaion 

type ( see Append ix B ) , the pronounced differences in slope and asp ect 

within the canyon al� the influences of Redondo Creek result in a complex 

of vegetation subtypes or communit ies . The lower southwest facing slopes 

of the canyon are relatively dry and support dense stand s of  gambel ' s  

oak .  The elk-use areas detailed in Fig . 3 . 21 co incide with these oak 

communities . The opposite and more mes ic nor thwest facing s lopes of the 

canyon support predominately conifers such as douglas fir and ,"hite f ir 

and some s tand s , o f  aspen .  The r ip arian communities along Redondo Cr eek 
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Fig . 3 . 21 .  Detail o f  locat ion of  areas used by overwintering herds 
of elk within the vicinity of the main proj ect s ite . The dashed line 
rep resent s the access road for the present well f ield . The squares are 
exis ting geothermal wells .  The plant s i te is also indicated . From 
Wh itford Ecological Consultants . 1975 . "Winter Activity and Habitat 
Use by Elk in the Redondo Creek Area,  with Commen ts on Activities and 
Relat ive Ab undance of  Other Species , "  prepared for Union Oil Company _ 

Geothermal Divis ion . 

cons ist o f  s tand s of  alder an� boxelder alternat ing with wet grassy 

meadows . 

Faunal spec ies reported f rom Redondo Canyon are typ ical o f  those 

repor�d f rom most of the Baca s tudy reg ion (Whitford 1974 and Whitf ord 

Ecolog ical Co nsultant s 1 9 7 5 a ,  b ,  c ) . Elk utilize all of Redondo Canyon 
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in summer and the port ions detailed in Fig , 3 . 21 during winter . The 

S tate-designated endangered Jemez Mountain salamander has been observed 

in a number of locations within Redondo Canyon , including within the well 

f ield area . The salamander hab itat is discussed in greater detail in 

Sec t . 3 . 1 . 5 . 3  which addresses endangered species . 

3 . 1 . 5 . 2  Aquat ic ecology 

The b io ta of Redondo Creek was qualitatively surveyed dur ing July 

and August o f  1978  by Whi tford Ecological Consultants (Flavill and 

Whit ford 1978) . Al gae were sampled by removal of naturally occurring 

substrate material and glass microscope slides that had been placed in 

the stream . Benthic macro inver tebrates were collected with a Surber 

samp ler , which sampled a bottom area of 0 . 09 3  m2 • One glass slide and 

one Surber sample were taken at each of  15 and 19 locations , respectively , 

extending from the headwaters to the mouth of Redondo Creek . 

The algal flora of  Redondo Creek is characterized by d iatoms 

( Table 6 of Flavill and Whitford 1978) , and the species composition of 

the algal community indicates that the str eam is relatively pristine . 

Thirteen taxa of d iatoms were recognized , and three genera of  diatoms 

(Navicula� Cocconeis� and Me losira) dominated the algal flora along the 

entire length of Redondo Creek . S everal taxa of f ilamentous blue-green 

algae (Myxophyceae) and green algae ( Chlorophyta) were also no ted . 

Al gae were macro scop ically visible in only a few places along the stream . 

More than 8 0  taxa of  benthic macroinver tebrates were identified in 

the Surber samples collected at the 25 sampling stations on Redondo , 

Sulfur , and San Antonio Creeks (Tables 8 and 9 of  Flavill and Whit ford 

1 978) . These included 5 taxa of molluscs (Mollusca) , 6 taxa of water 

mites (Hydracarina) , and 69 taxa of  aquatic insects (Insecta) . The 

numbers of  macro invertebrate taxa per Surber sample ranged from 5 to 27 , 

and the Shannon Weaver index of  species d ivers ity ranged from 0 . 57 to 

1 . 14 for ind ividual Surber samples ( Table 12 o f  Flav ill and Whit ford 

1978) . The greatest numbers of macroinvertebrate taxa occurred where 

the substrate ranged from gravel to rubble in size . Two of the more 

common macroinvertebrates , a midge ( Chirondmidae) and a mayfly (B�tis 
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sp . ) ,  occurred throughout the length of the s tream .  However , ro n R t  taxa 

occurred rarely and were l imited in distribu tion along the stream . 

Cer tain species , such as Hesperoper la pacifica (a  stonef ly) and Heter

limnius corpu len las (a  r if fle beetle) , were found only near the head-

'waters of  Redondo Creek, whereas c ertain other taxa were collected only 

in the lower sec tions of Redondo Creek and in Sulfur and San Antonio 

Creeks . Many aquatic insects have a l ife cycle that probably precluded 

their presence as mature larvae during the late summer sampling . 

Al though the chemical composition of the surface water is relatively 

uniform along the length of Redondo Creek , the physical charac teristics 

of  the s tream vary subs tantially along its length (S ect . 3 . 1 . 3 . 1 . 1 ) . 

Consequently , the habitat requirements of many of  the macro inver tebrates 

that occur there are probably met at widely separated stream s ites . The 

species composit ion of the mac ro invertebrate benthos varied cons iderably , 

even among adj acent sampling s tations ( Table 11 of  Flavill and Whi tford 

1 9 78) . Some of  these apparent d if ferences in community composition 

among s ites are probably a result of inadequate sampling ; a single 

Surber sample is not adequate for definit ion of the macroinver tebrate 

community at  a s ite . 

There is no evidence of pres�t use of  Redondo Creek by f ish 

( Flavill and Wh itford 1978) , and it is doub tful that f ish have occurred 

there in the last ten years (Moody 1978) . The only fish observed in 

Sulfur Creek during the summer 1 9 78  survey by Whitford Ecological Con

sultants were some sculpins ( Cottus bairdi ) wi thin 10 m of San Antonio 

Creek. In contras t ,  San Antonio Creek and the Jemez River are important 

trout s treams ( Sect . 3 . 1 . 3 . 1 . 2 ) . European brown trout (Salmo trutta) 

have been introduced into the Jemez River system and have maintained 

self-sustaining populations in these s treams for over a decade (Moody 

1978) . Brown trout spawn in the fal l ,  feed primarily upon aquatic 

insect s ,  and can withstand cons iderable f ishing pressure (Kos ter 19 5 7 ,  

Eddy and Underhill 1974) . The Jemez River sys tem ( including San Antonio 

Creek and the East Fork of the Jemez) are also s tocked with hatchery

reared rainbow trout (Sa lmo gairdneri ) ,  which are rapidly harves ted and 

do not es tablish sel f-sus taining populat ions in these waters . The native 

Rio Grande cut throat trout ( Sa lmo c larki) presently occurs in surface 
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waters draining the Jemez Mountains (Moody 197 9 ) ; however ,  the s tatus of 

the species in this area is poorly known . Based on recent collections by 

the New Mexico Game & Fish Department , few ,  if any , Rio Grande cutthroat 

trout are thought to occur in the Jemez River system b elow the site of 

the Baca Geo thermal Proj ect (Moody 1 9 7 9 ) . No endangered species of fish 

are known to occur in the Jemez River and its tributaries north of Jemez 

Springs . 

3 . 1 . 5 . 3  Endangered species 

3 . 1 . 5 . 3 . 1 .  Plant s 

Of the 57  species of  endangered and threatened plants currently 

proposed by the Smithsonian Institution (Ayensu and DeFi1ipp s 1978) , 

only one , the blue grama grass cactus (Pediocactus papyracanthus ) ,  

l isted as  threatened , occurs within the study region . This small cactus 

occurs near the terminus of the proposed transmission route at Los 

Alamos (Pi1z  and Sabo 197 9 , Spe11enb erg 197 9 ) . The prime hab itat is 

grassland composed of  ga11eta (Hi laria jamesii) , black grama (Bouteloua 

eriopodux) , and blue grama (B . graci lis) . The alt itude range is 5000 to 

7 5 00 ft  (Pi1z and Sabo 1 9 7 9 ) . The cac tus has been collected within Los 

Alamos city limits and in the Lower Fr fj o1es Canyon in Bandelier Nat ional 

Monument ( New Mexico Her itage Program 1978)  . 

There are f ive species of plants recognized as rare by the New Mexico 

Her itage Pro tram which are known to occur in the general study region.  

These includ e :  Ma laxsis sou lei� Vio la pedatifida� Comus canadens is� 

Li lium phi lade lohicum var . andinum� and Epipactus gigantea ( Is sacs 19 79a , 

b and c) . Ma laxsis occurs in open ponderosa pine flats ; it has been 

recorded south of the Baca Locat ion on Forest Service land ( I ssacs 

1979c) . The Li lium and the Vi o la occur in moist situations and could 

potent ially occur in the main proj ect area in Redondo Canyon ( Is sacs 

197 9c) - the species has been collected from Water Canyon , southeast of 

the Baca Locat ion . Comus canadensis occurs on mo is t , cool north-fac ing 

slopes forested with spruce-fir . I t  has been collected from areas in the 

eastern portion of the Baca Location , along the East Fork of the Jemez ; 

however , it  could also potent ially occur in Redondo Canyon , since its  
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pref erred habitat is present ( Issacs 1979c) . Epipactus gigantea is 

known to occur in the vicinity of hot springs (I ssacs 1979c) . Final ly , 

one o ther plant species , Ca Zochortus nuttaZii , recognized as only locally 

rare,  is known from outside of the s tudy region , in the lower elevations 

near Los Alamos ( Issacs 1 9 7 9 a ,  b ,  c ) . 

3 . 1 . 5 . 3 . 2  Animals 

The S tate of  New Mexico h� provisions for pro tec tion of  endangered 

and threatened fauna through the Wildlife Conservation Ac t of 1974  ( New 

Mexico State Legislature 1 974) . There are only sl ight differences 

between the New Mexico s tatute and the Federal Endangered Species Ac t .  

S tate protec tion i s  accorded to its endangered species as i s  Federal 

protec tion to its designated species . However , there is no provis ion 

in the New Mexico s tatute relating to the concep t of critical habi tat . 

Ano ther difference between the S tate and Federal statutes involves the 

def ini tion o f  the term "endangered . "  While the Federal law cons ider s 

"endangered" to mean that survival of  a species is severely threatened 

over its  entire rang e ,  the New Mexico law ass igns endangered status to 

those species who se prospects of survial within the S tate are in 

j eopardy or are l ikely to become so within the foreseeable future 

(Hubbard et  al . 1 9 7 8 ) . The State definition resul ts in peripheral 

species , tho se species occurring in New Mexico which are at the limit of 

their ranges within the cont inental United State s ,  being ass igned 

endangered s tatus , even though their survival may no t be in j eopardy 

over the maj or portion of their range.  Additionally , the term "endangered" 

in the New Mexico statute encompasses both the threatened and endangered 

categories o f  the Federal act . New Mexico distinguishes between these 

categories by ass igning species to endangered group I ( equivalent to 

Federal endangered s tatus) and endangered group II ( equivalent to 

Federal threatened s tatus) . 

Table 3 . 1 2  summarizes all species lis ted as endangered by the S tate 

and the Federal government who se ranges include the study region (Hubbard 

et al . 1 978 , U . S .  Fish and Wildl ife Service 19 7 7 ) . Of these species , 

only three are def initely known to occur in the study region : the bald 

eagle , the peregrine falcon , and the Jemez Mountains salamander . 
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Table 3. 1 2. Threatened and endangered species on New Mexico and Federal lists whose 
ranges possibly extend to the study region 

Species 

Marten 
(Martes americana) 

B l ack-footed ferret 
(Mustela nigripes) 

M i n k  
(Mus tela Vison) 

Zone-tai l ed h awk 
(Buteo albonotatus) 

Bald eagleb 
(Haliaeetus leucocephalus) 

Osprey 
(Pandion haliaetus) 

Peregri ne falconb 
(Falco peregrinus) 

B l ue-throated h u mm i n gb i rd 
(Lampornas clemenciae) 

Broad-b i l l ed h u m m ingbird 
(Cynanthus latirostris) 

Red-headed wood pecker 
(Melanerpes erythrocephalus) 

Ba i rd's spa rrow 
(Ammodramus bairdii) 

Jemez Mou ntai n s  sal amand erb 
(Plethodon neomexicanus) 

New M ex ico 
class ificationa 

Mammals 

2 

2 

Birds 

2 

2 

2 

2 

2 

2 

• 

Am ph ibians 

2 

Federal 
end angered 

E 

E 

E 

Endan ge red i n  
N e w  Mexico o n l y  

x 

x 

x 

x 

x 

x 

x 

x 

x 

aState endange red groups : 1 ,  species whose prospects of surv ival  or recru it ment i n  state are 
in  jeopard y ;  2 ,  species whose prospects of su rvival  or recru itment in State m ay become i n  
jeopardy i n  foreseeable fut u re .  

b Known t o  occu r i n  study region .  
Source : J.  P. H u bbard et  a l .  1 978. "Handbook of  Species Enda ngered i n  N ew Mex ico," 

New Mexico G ame a nd F ish .  

Four species l is ted as endangered by the State , the zone-tailed 

hawk, the blue-throated hummingbird , the broad-b illed hummingb ird , and 

the red-headed woodpecker , are per ipheral sp ec ies near the northern 
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limits o f  their ranges in New Mexico (Hubbard et al . 1978) . All four 

species charac terist ically occur in low-elevation woodlands and canyons , 

and s ight records for the species in the region have all been from lower 

elevations around Los Alamos or Bandelier National Monument (Hubbard 

et a l .  1978 ) . None are l ikely to reach the higher elevations of the 

Jemez Mountains , which comprise mo st of the study region . 

Three o f  the sp ecies l isted occur or are known to have occurred in 

nearby mountain ranges o f  northern New Mexico and could also be present 

in the Jemez Mountains . None have been recorded from the Jemez Mountains 

recently . Baird ' s  sparrow occurs as an occas ional migrant in high 

mountain meadows in the nearby Sangre de Cristo and San Juan Mountains . 

Martens inhabit spruce-f ir and alpine fores ts and in New Mex ico are at 

the southern l imit of  their range in the Rocky Mountains . They are 

known from the Sangre de Cristo and San Juan Mountains . Mink , usual ly 

found near permanent water , may already be extirpated from the State ; 

historic records are from the San Juan , Pecos , and upper Rio Grande 

river drainages (Hubbard et al . 1978) . 

The osprey occurs widely in the S tate as a spring and autumn 

migrant , especially near s treams and larger bodies of  water . It  nes ted 

in the Jemez Mountains historically but is not known to have done so in 

recent years (Hubbard et al . 1 9 78) . The bald eagle , likewise , is wide

spread and locally common in the S tate as a winter migrant and vis itor , 

especially along wes tern and nor thern streams and reservoirs . There 

have been recent summer records from the Sangre de Cristos , indicating 

that the species may breed there at present (Hubbard et al . 1 9 7 8 ) . 

Within the las t f ew years , adult and immature bald eagles have been 

observed in the vicinity o f  the study region , but only during spring 

and migrations (Pilz and Sabo 1 9 7 9 ) . 

Black-foo ted ferrets are normally associated with prairie dog 

colonies . Recent f erret sight ings have been recorded for Los Alamos and 

Sandoval Count ies , but they have no t been definitely confirmed (Hubbard 

et � .  1 9 7 8 , S tuart and Christensen 1 9 7 3 ) . Prairie dog co lonies have 

no t been found within the study region . However , Whit ford ( 197Sb)  

observed whi te-tailed or Gunnison ' s  prair ie dogs ( Cynomys gunnisoni) in 
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the Valle San Antonio , j ust north o f  the study region.  Although the 

presence of p rairie dogs does no t necessarily indicate the presence of 

f errets , it does indicate that ferret habitat could be present . 

The Jemez Mountains are favorable breeding hab itat for the peregrine 

falcon . Two historic aer ies are known in the vicinity of the study region ; 

the nearest is 6 . 4  km ( 4  miles) from the Baca Location . There are also 

two occup ied aeries in the Jemez Mountains (Woody 1978) . For protec tion , 

these locations may no t be d ivulged , but both are well outs ide of the 

study region . S ince 1 97 5 ,  peregrines have been sighted on a number of 

occasions within the s tudy r egion (Whit ford 19 7 4 ; Whitford Ecological 

Consul tants 1 9 7 5 a ,  1 9 7 5b , 19 7 5 c ; P ilz  and Sabo 1 9 7 9 ) . Mo st s ightings 

have b een from the nor thern port ion , espec ially around the Valle Seco 

and Valle San Antonio . The individuals ob served wer e apparently hunting 

in the area (Whitford Ecological Consultants 1975b , 19 7 5 c ) . A concen

trated search for aeries in 1 9 7 7  failed to locate any on the s tudy 

region ; however , many favorable locations for aeries were identi fied on 

the Baca locat ion (Whitford Ecological Consultants 1975c) . Since favor

able breeding hab itat and an abundant prey resourc e apparently exists on 

the Baca Location , it is possible that peregrines nes ted there in the 

past , and they could conceivab ly do so in the future . 

The Jemez Mountains salamander ( l is ted as endangered only by the 

S tate) is the only endangered species known to breed within the study 

reg ion . The salamander is endemic to the Jemez Mountains , isolated from 

southeas tern plethodont ids apparent ly by the retreat of the Arc to

Tert iary forests ( Reagen 1 972) . The extremely limited range has r esulted 

in i ts des ignat ion as endangered by the S tate .  

Hab itat for the species i s  mo ist , forested north-fac ing slopes pre

dominately in the spruce-fir vegetat ion zone ( Reagen 1 9 7 2 ) . S tabi lized 

talus slopes or  slopes with some talus s t ill proj ecting from the soil 

surface ar e a prerequisite (Whit ford Ecological Consultant s 19 75c , 

Reagen 1 9 7 2 ,  Williams 1 9 7 6) . The species is active at the surface only 

when the subs trate is dripping wet and ambient temperatures are from 10 
to 13 ° C ,  usually after spring or summer thundershowers (Whit ford Ecological 

Consultants 1 9 7 5 c ,  Reagen 1972) . Recent studies have determined that 
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the species is  apparently abundant in its preferred habitat ; however , 

the hab itat is  patchily distributed , reflec t ing the distribut ion of  

talus within the spruce- f ir forests in  the Jemez Mountains (Whitford 

Ecological Consultant s 1 9 7 5 c ; Reagen 197 2 ;  Williams 1972 , 1 9 7 6 ) . 

Figure 3 . 2 2 ind icates areas within the s tudy region vicinity from 

which the salamander has been collected . These areas include the trib

utary canyons to the Rio Cebo lla (Pony , Oat , Hay , and Twin Cab ins Canyons) , 

which are west of  the Baca Locat ion (Williams 1972 , 1976) , the northfacing 

slopes above the Eas t Fork of the Jemez River and State Highway 4 (NM-4) 

in the vicinity of  the Los Conchas campground (Reagen 19 7 2 ) , the upper 

reaches of the Canon del Norte ( Reagen 1972) , port ions of the Sierra de 

los Valles ( Reagen 1 9 7 2) , and the Redondo Peak-Redondo Canyon area 

(Whitford Ecological As sociates 1975b , 1975c) . There are also isolated 

records from some of  the canyons on the east s ide of  the Baca Location 

(New Mexico Heritage Program 19 78) . Whitford Ecological Associates 

( 1 9 7 5c)  located a large number o f  suitable salamander habitats within 

Redondo Canyon and on Redondo Peak . They indicated that dense salamander 

populations occurred within these habitat s .  The species had even been 

collected from relat ively unshaded areas on southeas t-facing slopes 

within Redondo Canyon (Whitford Ecolog ical As sociates 1975c) . The Jemez 

Mountains salamander apparently occurs throughout the whole of Redondo 

Canyon , on Redondo Peak, and on portions of Redondo Border . 

3 . 1 . 6  Historic and archaeological resources 

3 . 1 . 6 . 1 Historic s ites 

A number o f  s ites in Sandoval and Los Alamo s Counties are lis ted in 

the National Regis ter of  Historic Places . Those neares t to the site 

include the Jemez S t ate Monument and the Bandel ier Nat ional Monument .  

The Jemez S tate Monument consists o f  a 17 th-century Franc iscan 

miss ion and convent ( San Jose de los Jemez Mission) and the remains of 

the prehis toric Guisewa Indian pueblo . The site includes a museum and 

educational trails and is in the vicinity of  the Santa Fe National 

Forest . The Jemez S tate Monument was included in the National Regis ter 

of H istoric Places in 1973  ( U . S .  Depar tment of the Interior 1979 , 
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Fig . 3 . 22 .  Locations of known Jemez Mountains salamander hab itat 
within the vic'inity of the Baca study region . The st ippled areas are 
hab itats from which many salamanders have been observed or collected . 
The X I S  are is olated collect ion s ites . 

Mountain We s t  Research , Inc . 197 9 ,  Bro i11a et  a1 . 19 7 8 ) . The Jemez 

S tate Monument is located at Jemez Spr ings on NM-4 . 

The Bandelier Nat ional Monument was set aside in 1916 to preserve 

its prehistoric , scientif ic , and scenic values (U . S .  Depar tment of the 

Interior 1 97 9 , Mountain We s t  Research,  Inc . 19 7 9 ) . Currently , one pro

po sed route for the 115 kV transmiss ion line would pass through the 

northern boundary area o f  the Nat ional Monument ( s ee Sec t .  3 . 1 . 1 . 2) . 
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Several s ites lis ted in the Nat ional Reg ister of His toric Places 

( U . S .  Department of Interior 1 9 7 9 )  are located in a region surrounding 

the Baca Location that could be af fected by future transmiss ion 

corridors in the event of further geothermal development (see Sect . 4 . 5 ) . 

These include : 

Rio Arr iba County 
Santa Clara Pueb lo 
San Juan Pueblo 

Sandoval County 
Jemez Pueblo 
Zia Pueblo 
San Juan Mesa Ruin 
Jemez State Monument 

Santa Fe County 
Pueblo of Nambe 
Pueblo of Tesuque ( U . S .  Department of the Interior 197 9 ) . 

3 . 1 . 6 . 2 Archaeological resources 

An archaeological survey has been carried out for the Baca land 

areas where the PNM generating plant and the Union Oil wells and pipe

lines will be located (Broilla et al e 1978) . A 803-ha ( 19 84-acre) tract 

was surveyed and 29 archaeological s ites and 1 locality were identif ied 

and recorded . 

The archaeological and cultural resources encountered during the 

survey were diff icult to asses s .  Additionally , all of the identified 

prehis toric sites have suf fered disturbance as a resul t of activit ies 

sanct ioned by the various owners of the Baca Grant (Broilla et al e 

19 7 8) . Even though previous ly dis turbed , "all of the sites recorded 

by the survey possess sc ientific s ignif icance , albeit to varying degrees" 

(Broilla et al e 1978) . These s ites do not appear to  have religious 

significance . 

A request for determination of eligibility for inclusion in the 

National Register of His toric Places was made for the 29 s ites identif ied 

in the archaeological survey . On Augus t 6 ,  1979 , the archaeological 

s ites were determined to be eligible for inclus ion in the Nat ional 

Regis ter ( U . S .  Heritage Conservation and Recreat ion Service 19 7 9 )  and a 
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no tice of their eligibi lity was publi shed in the Federa l Register on 

Sep t .  4 ,  19 7 9  (Federa l Regis ter 44 : 51708 , Sep t .  4 ,  1 9 7 8 ) . 

3 . 1 . 6 . 3  Other areas 

Although not specifically identified as archaeo logical or historical 

s ites , features related to the geothermal and volcanic activity of  the 

area have long been impor tant . For example : "A series of  explorat ions 

of  the surrounding territories were begun at once and in the f irst week 

of Augus t ,  1598 , Onate vis ited the Jemez Province . He reports ' marvelous 

hot baths which spring up in many places and are s ingular marvels of  

nature ' and ' mines of sulfur and rock alum ' " (Reiter 1938 : 2 7 cited in 

Broilla et a 1 .  1 9 7 8 ) . "Histor ically , springs in the vic inity o f  Jemez 

Springs have attracted vis itors s ince early days of Spanish exploration" 

(Bro illa et  al . 1978) . 

Another area of imp or tance is Redondo Peak , which is within the 

Baca geothermal lease area.  Redondo Peak , as well as other areas of 

local prominance , is cons idered sacred to a number of Pueb loan group s 

( Sect . 3 . 1 . 10) . Additionally , Navaj o group s have used this area f or 

ceremonial purpose s .  It  is reported that there are numerous act ive 

shrines in the area and that the area "pos sesses exceptional s ignif icance 

and sens it ivity" (Bro illa et al . 1978) . For these reasons , the relig ious 

s i gnif icance of the area will be carefully considered in all future 

plans . I f  agreed to by the nat ive Amer ican population of the area,  poss ible 

nominat ion of  the Redondo Peak area to the Nat ional Register of  Historic 

Places should also be given attent ion . 

3 . 1 . 7  Social and community prof ile and demo grap� 

3 . 1 . 7 . 1  Introduct ion 

The propo sed Baca geothermal demons trat ion proj ect , if built and 

operated , would become the largest commercial act ivity in a relatively 

isolated , undeveloped , and highly sceni c area.  In order to identify and 

e'la.Luate socioeconomic effects of the proj ect , an independent consultant , 

Mountain West Research , Inc . , of Tempe , Ar izona , prepared a detailed 

so cioeconomic analysis for PNM and Union Oil Company . 
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3 . 1 . 7 . 2  Construction schedule and manpower requirements 

Union Oil Company is presently engaged in cont inuing exploratory 

work to locate producing wells . Construction of the power plant by PNM 

is expected to  start in the spring of  1980 and cont inue for one and one

half  years . Operation o f  the plant is scheduled to  begin in 1982 . 

A peak labor force of  about 240 is exp ected for a short time dur ing 

the second quarter of 1981 , with an average of 210 workers needed dur ing 

the summer and about 80 workers dur ing the winter . About 5 5  people will 

operate and maintain the plant and well fielr. <  The detailed employment 

schedule is presented in Table 4 . 1 . 

The size of  the work force will be small compared to o ther const ruc

tion proj ects in the urban areas o f  Albuquerque or Santa Fe ' (both o f  

which are within commuting dis tance of  the s ite)  but is large f o r  the 

rural areas nearer the site .  This work-force s ize is very small when 

compared to energy proj ects associated with "boom towns , "  where the 

total work-force may number in the thousands .  

3 . 1 . 7 . 3  Demo graphy and impact area identification 

Mountain West Research identi fied two impact areas that might be 

affected by construction and operation of the proj ect . Figure 3 . 2 3 

shows the regional impact study area , chosen to include communities 

within a two-hour commuting t ime of  the site . This commuting time is 

cons idered to  be a reasonable commuting time for construction workers , 

so this region would inc lude the primary labor pool for the Baca pro

j ect . Table 3 . 13 lists the communities wi thin the regional impact s tudy 

area , 197 6  populations , and driving times to the s i t e .  Table 3 . 14 lists 

recent population changes for selected communit ies within this region . 

Even though eonstruct ion workers o f ten commute long d istances to a 
j ob s ite , some workers may choose to move closer to  the s ite , possibly 

resulting in localized impacts . Figure 3 . 24 shows the local impact 

s tudy area identif ied by Mountain West Res earch. Indian pueblos were 

n o c:  included in the local impact s tudy area because their lands are not 

normally open t o  residential development by non- Indians . Als o ,  facilities 

on Indian reservat ions were not included because they are not normal].y 
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Fig . 3 . 2 3 .  Regional impact s tudy area . From : "Proposed Baca 
Geothermal Demonstrat ion Proj ect - Socioeconomic Analysis , "  prepared 
for the Pub lic Service Comp any of New Mexico by Mountain Wes t  Re search , 
Inc . ( in preparat ion) . 

open t o  use by non-Ind ians . Als o ,  Ind ian users o f  facilit ies located off 

the reservat ions were not s ingled out as Indian users . Rather , they were 

included in the total group of users . Therefore , impacts on the total 

group of users would affect Indians as well as non-Indians . Als o  cities 
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Table 3. 1 3. Commuting times to Baca geothermal plant site 
from

,c:�rnmunities in the regional impact area 

F ro m  Driving timea Popul ation ,  1 976b 

Communities 

Santa Fe h r  45 min  45,900 
Albuquerque h r  30 min 284,600 
Espanola h r  30 min 7 ,560 
Bernal i l l o  h r  1 5  m i n  2,5 1 0  
Los Ala mos 50 min 1 6,500 
San Ys idro 40 m i n  2 1 0  
Pond erosa 35 m i n  39Qc 
Ca non 25 m i n  n.a .  
Jemez Spri n gs 1 5  m i n  460 
La Cueva 5 m i n  n.a.  

Indian pueblos 

Coch iti hr 55 m i n  85 1 d 
Santo D o mi ngo h r  40 m i n  2 ,946 
Tesuque hr 35 min 289 
Nambe h r  35 m i n  337 
San Fel ipe h r  30 min 2,568 
Pojoa que h r  25 min 7 8  
Sa nta Clara h r  25 min 1 ,796 
Sandia h r  20 min 309 
Santa Ana hr 20 min  525 
San I Idefonso hr 1 5  min 329 
Zia 50 m i n  632 
Jemez 30 min  2,093 

aActual d r iving t ime at 55 m ph as estimated by State Depart
ment of H ighways and confi rmed by 

'
Mounta in  West. 

b Based on Federal Revenue Sharing e ntit leme nt period 
records, Ju ly  1 ,  1 976, as su ppl ied by the New Mex ico Bureau of  
Busi ness and Economic Research , u n l ess otherwise noted . 

c 1 977  estimate based on present water system serv ice to 1 00 
u n its in the town, at 3.9 persons pe r u n it. Accord ing  to the 
1970 census, Sandoval County had an average of 4. 1  persons 
pe r occu pied housing u n it. The Pu eblo I nd ia n  ave rage per u nit 
was about 4-4, and the I nd ian population of Sa ndoval County 
was 38 .9% of the total .  Thus the i mpl ied household size for the 
no n reservat ion popu l at ion is -a pproxi mately 3.9 persons. 

d"Bureau of  I ndian Affairs O ffice of Ad m i nistration : Labo r 
Force Report," U. S. Depa rt ment of the I nterior, M a rch 1 978. 

F ro m :  "Proposed Baca Geothermal Demo nstration P roject _ 

Socioeconomic Analysis," prepared for the Public Serv ice 
Company of New Mexico by Mou ntai n West Research, Inc .  ( i n  
preparatio n ) .  
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Table 3. 1 4. Recent population growth in the area surrounding the Baca project 

Po pulation Percent change, Annual  
Area 

1 970 1 97 5  1 97 7a 1 970- 1 977 percent change 

N ew Mex ico 1 ,0 1 7 ,055 1 , 1 44,000 1 , 1 90,000 1 7 .0 2. 3 
Cou nties 

Berna l i l l o  31 5,774 362,600 37 7 ,900 1 9,.1 2.6 
Los Al amos 1 5, 1 98 1 6, 1 00 1 7 , 1 00 1 2.7 1 .7 
R io Arriba 25, 1 70 27,800 27,600 9.8 1 . 3 
Sa ndoval 1 7 ,492 22,800 24,000 37.5 4.7 
Santa Fe 54,774 62,000 65,200 1 9.0 2.5 

Po pu lation Percent change, An nua l  
Area 

1 970- 1 97 5  percent change 1 970 1 975 

Towns 
Albuquerque 243,7 5 1  279,400 1 4.6 2 .8 
Berna l i l l o  2,0 1 6  2,775 37.6 6.6 
Espa nola  4,528 7,380 63.0 1 0.3 
Jemez Pueblo 1 , 1 97 n.a .  
Jemez Spri ngs 356 439 23.3 4.3 
Santa Fe 4 1 , 1 67 44,937 9.2 1 .8 
San Ysidro 1 82 208 1 4 .3 2.7 

a Provis ional  est i mate, B u reau of the Census. 
Sources : U .S. Burea u of the Ce nsus, " Provisional Estimates of the Resident Po pulation of the States, 

J u ly 1 ,  1 97 7 ," Depart ment of Com merce, 1 977.  New Mexico Statistical Abstract, 1 977, Bureau of 
Bus in ess and Economic Research , U n iversity of N ew Mex ico, Albuquerque,  1 977.  Municipal Wages and 

Salaries, 1978, New Mex ico M u n icipal League, Apri l ,  1 978. 
F rom : "Proposed Baca G eothermal Demonstration Project - Socioeconomic Anal ysis," prepared for the 

Publ ic Serv i ce Company of N ew Mexico by Mountain West R esearch , I nc.  ( in preparation ) .  

such as Albuquerque , Santa Fe,  and Espanola were not included because of 

their distance from the site and , Albuquerque and Santa Fe , b ecause of 

their large populations . The local area includes Bernalillo ( including 

Rio Rancho ) , San Ysidro , Ponderosa (unincorporated) ,  Jeme z Springs , 

Canon and La Cueva (both unincorporated) , and Los Alamo s .  

3 . 1 . 7 . 4  Local communities 

3 . 1 . 7 . 4 . 1  Hous ing 

Even though s ingle family housing is the predominant area hous ing 

type , the use of mob ile homes and multip le-dwelling units is increas ing . 
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Fig . 3 . 24 .  Local impact study area.  From : "Proposed Baca Geo
thermal Demonstrat ion Proj ect - Soc ioeconomic Analysis , "  prepared for 
the Public Service Company of New Mexico by Mountain Wes t  Research , 
Inc . ( in preparation) . 

In Sandoval County , mo st residential build ing is taking place in 

the southern part of the county . In 19 7 6 ,  about 86% of  the 368 county 

building permits were for the towns of Bernal illo , Corrales , and Rio Rancho . 

Little published data on hous ing is available for other communit ies 
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in the county : records of only one building permit in 1 9 7 6  

f o r  San Ys idro , four for Cochiti Lake , and s even others d ispersed 

throughout the county (Mountain West Research 1 9 7 9 )  were found . 

Los Alamos currently has high occupancy rates , little available 

land , and higher housing pr ices than in the Albuquerque area . For these 

reasons , Los Alamo s would no t be as attractive to migrating construct ion 

workers as would other areas near the site  (Mountain West Research 1 9 7 9 ) . 

The Jemez Val ley also has little land remaining for res ident ial 

development . Mountain v.les t  Research reported that the 12 to 15 Union 

Oil drill crewmen from outside the local area have already strained the 

local area ' s  supply of temporary hous ing . 

Ind ian Pueblos should not be affected because they are not op en 

to development by persons other than members of the Pueblo . 

3 . 1 . 7 . 4 . 2  Pub lic services 

Bernalillo water is supplied by three wells with a combined capacity 

of 8 . 14 mill ion liters /day [ 2 . 15 million gallons /day (gpd) ] .  Current 

average and peak consump tion rates are 1 . 3  million l iters /day (347 , 000 gpd) 

and 3 . 8  mill ion liters /day (1 million gpd) . Addit ional capacity is 

planned , along with a 3 . 78 million liter (one-mill ion-gallon) st orage 

tank scheduled for 1 98 1 ;  this increased water supply should be adequate 

for about 10 , 000 p eop l e .  Bernalillo ' s  sewer sys tem is  current ly overloaded , 

but improvements in capacity scheduled for comp let ion by 1981 will give 

the system a capacity to serve approximately 8 , 000 people (Mountain West 

Research 1 9 7 9) . 

San Ysidro offers water and sewer facilit ies , but the system cannot 

meet current demands ,  and the water supply frt'm current sources is not 

o f  good qual ity . Ponderosa "mt er supply is nOIV' at capacity , al though 

add i t ional wa t e r  a llocation has been applied for . Canon acd La Cuev a 

present ly use w3lls and sep t :i.c tanks , but  both face problems in expand

iag to meet any new needs . La CGeva , the conIDltmi ty closest to the s it e , 
�V'ould need to  a Clluire exis tint water r ights. to offset increu sed water 

appropri&tion for new population growt h .  Als o ,  sewage sys tem or s ep t ic 

tank permits from the Ne1N l1exico E) ,vironmenta.l II'lp !:"ovement iJivision (EID , 
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would be needed in an area where the geological conditions make such 

uses for sewage d isposal ques t ionable (Mountain Wes t Research 1 9 7 9 ) . 

Jemez Springs has excess water and sewer capacity and , like Los 

Alamos and Bernalillo , offers a wide variety of other community services 

such as f ire and police protection .  Table 3 . 15 summarizes these services 

for Jemez Sp r ings and Los Alamo s ,  the two towns capable of host ing 

short-term res idents assoc iated with the Baca proj ect and also closest 

to the proj ect s ite . Because of Bernalillo ' s  proximity to Albuquerque , 

workers making the choice to move nearer the s ite rather than commute 

long dis tances are not likely to move to Bernalillo . For thes e reasons , 

only Jemez Springs and Los Alamos represent currently feasible locat ions 

to accommodate an inf lux of workers (Mountain Wes t  Research 1 9 7 9 ) . 

3 . 1 . 7 . 5  Labor supply 

The larger labor supply region , including the urban areas of  

Albuquerque (Bernalillo County) and Santa Fe , should be able to supply 

the relatively small construct ion manp ower needs of  the proj ect . 

Interviews and data gathered for the PNM all confirm an adequate supp ly 

o f  construct ion labor within the region (Mountain Wes t  Research , Inc . 

1 9 7 8a ,  1978b , 1 9 7 9 )  (see Tab le 3 . 16) . 

3 . 1 . 7 . 6  Transportation 

The s ite is located in the Redondo Cr eek area , 4 . 8 km (3 miles ) 

nor theast of  NM-4 , the principal access route for the proj ect . Proj ect

related traffic may also use New Mexico Highways 44 , 30 , and 285 on the 

way to NM-4 and the site.  

Both NM-44 and NM-4 have unfavorable ratings from the New Mexico 

Department of Highways .  Mos t  of NM-44 f rom U . S .  85 in Bernalillo to 

NM-4 is deficient in capacity.  Additionally , a 6 . 4-km (4-mile) section 

before San Ys idro that was rated def icient on surface , capacity , and 

safety is presently being upgraded . NM-4 is ruled as unsafe principally 

for hazardous condit ions such as inadequate s ight distances , sharp 

curves , narrow bridges , and sharp dips . Currently , the bridge north of  

San Ys idro on  NM-4 is being replaced . 
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Table 3.15. Services and facilities in the Jemez Springs and L os  Alamos communities 
---.---�----. -- ------- ------

Pu b l ic service 

Water su pply 

Wastewater treatment 

Sol id waste d i sposal 

Util ities 
Electr icity 
G as 

Telephone 
F i re protection 

Police serv ice 

H ealth care 

Ed u cation 

Library 

Government 

Jemez Spri ngs 

Spri ng fed (3 wel l s ) ;  96 
acre-ft/year;  2 1 0,000-
gal storage 

600-user ca pacity ; 45,000 
ga l/day 

U .S. Forest Service l andf i l l  

Je mez Electric Co-op 
Delivered LP gas 

Conti nental Telephone 
Vol u n teer;  2 trucks a nd 

1 emergency vehicle 
v i l lage marshal ; one state 

patrol route, pat ro lman 
l ives i n  Jemez Spr ings 

Jemez C l i n ic, with 1 part-
t ime doctor and 1 fu l l 
t ime nurse-practitioner 

K- 1 2  syste m, l ocated i n  
Cano n .  500 students; 
about 50% of capacity 

State-affi l  iated branch ; 
1 l ibrarian 

Mayor, town cou ncil (4 
members ) ,  mu n ic ipa l  
judge 

Source : Mou nta i n  West Research , I nc.  

Los Ala mos 

Su ppl ied by D O E ;  5 wel ls ,  1 1 .3-
mgd capac ity ; 26 mg storage 

3 treatment plants; 1 -2 m gd ,  
approx i mate capacity for 
20,000 users 

Cou nty-o perated l a ndfi l l ; owned by 
D O E  but sepa rate from LAS L
use conta m i nated waste 

PNM ; 5,200 u nits 
DOE su ppl ied cou nty with gas 

pu rchased from the Gas Co. of 
New Mex ico 

Mou nta i n  Bel l 
Operated by D O E ;  5 stat ions, 

1 1 0  employees 
Cou nty force, 32 officers ; D O E  

secur ity force 

Deno mi nation-operated hospital ; 
1 02 beds, 24 doctors, rat io  of 
1 doctor pe r 600 patients 

K- 1 2  system, 4,740 students 

Cou nty-ad m i n istered ; 1 4  fu l l-time 
staff ; 85,700 books 

Cou nty administrator ( nonelective ) ; 
cou nty cou nci l  (7 me mbers) 

F rom : "Proposed Baca Geothermal D emonstration Project - Socioeco nomic A nal ysis," 
prepa red for the Pu bl ic  Service Co mpany of New M ex ico by Mou nta i n  West R esearch, I nc .  
( i n  preparatio n ) .  

NM-4 passes through Jemez Pueblo , whereas NM-44 passes through the 

Zia and Santa Ana Reservations . Within the past two years , traffic 

accident s along NM-44 resulted in the death of app roximately 2%  of the 

populat ion of Z ia Pueblo . Al l fatal accidents involved semitrucks 

(Pueb lo of Zia 19 7 9 ) . 
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Table 3.16. Skilted labor ttl north centrat.-New Mexico, April 1 978 

o C No.a Craft employment category Alb.b Es p.d L. A.e S. F J  Total 
unemp.c unemp. unemp. unemp. unemp. 

801 -805 Iro n workers 1 9  1 6  4 1 9  
809 

8 1 0  Welders and weld ers' hel pers 1 9  5 2 6 
828-829 Electric ia ns 1 2  5 3 1 3  
859 O perat ing e ngi neers 28 44 3 1 6  
860 Carpe nters 8 7  1 1 6  1 0  1 23 
862 Pi pe f itters 34 26 8 42 
900-909 Tea msters 1 33 63 1 0  1 05 
930 Dr i l l  crewmen 7 9 2 

Derrickmen a nd roughnecks 
Laborers 
Other crafts 

Total 339 284 4 1  326 

a Depa rtment of Labor occu pation category n u mber. 
b Signifies data from- the Albuquerque- North Val l ey Employ ment Secur ity Office. 
cThe n u mber of workers registered as cu rre ntly unemplo yed i n  a job category as of Mar. 3 1 , 1 978.  
d Sign ifies data  fro m  the Espa nola Employment Security Office. 
eSjgnifies d ata  from the Los Al a mos E mployment Security O ffice. 
(Signifies d ata from the Santa F e  Empl oy me nt Security Office. 
Sourc e :  Empl oyment Secur ity Commission of N ew M ex ico, Applicant List ing for period endin g 

Mar.  3 1 , 1 978. 

58 

32 
33 
9 1  

336 
1 1 0  
31 1 

1 9  

990 

F ro m :  " Pro posed Baca G eothermal Demonstrat ion Project - Socioeconomic Analysis," prepa red for the 
Pub l ic Service Company o f  New Mex ico by Mou ntai n  West Research, I nc. ( in preparat ion ) .  

3 . 1 .  8 Noise 

Noise is any undesirable sound ; for analytical purposes it is 

assumed to decreas e in des irab ility as intensity increases . The ear ' s  

response to  sound intens ity is logarithmic rather than linear . There

fore perceived loudness is measured in decibels (dB) , which represent 

the l ogarithms of sound power ratios . Normal ly , dec ibels are s tated 

with respect t o  the threshold of hearing , which is at a level of 

10- 6  �W/m2 , or 0 . 0002 microbar . The leas t perceptible increase in s ound 

level is about 1 dB , and a 10-dB increase roughly corresponds to a 

doubl ing o f  loudnes s .  



3-9 2 

The human ear does not respond uniformly over the ent ire frequency 

r ange of audib le sound , however . It is most sens itive to frequencies 

from 1000 to 4000 Hz and significantly less  sens itive to f requencies at 

the low and high ends of the spectrum. A s ound of 100 Hz , for examp le , 

must be at a level of  about 32  dB above thresho ld 0 to be perceived at 

all by a person with normal hear ing . Be cause of this var iab le sens itivity 

of the ear , noise sour ces of equal intens ity in de cibels but dif ferent 

f requency characterist ics will dif fer in audibility and accep tab ility . 

No ise measurements taken f or the purpose of assess ing human acceptab ility 

are usually done with sound level meters equipped with an A-weighted 

ne twork, which approximates the frequency response of the human ear and 

yields readings in dBA . Thi s  network modifies the linear decibel read

ings taken at var ious frequencies so that any two sounds of the same dBA 

level should be perceived as equally lou d ,  regardless of their frequency 

spectra . Table 3 . 17 gives s ome common sound levels in dBA . 

Sound levels decrease , or attenuate ,  with distance according to 

phys ical laws of  wave propagat ion . Roughly , there is a 6-dB decrease 

with doub ling of distance from a source.  Thus a noise that is measured 

at 90 dBA at 15 m ( 5 0  ft)  will be about 84 dBA at 30 m ( 100 f t ) , ab out 

60 dBA at 400 m ( 1 / 4  mile ) , abou t 54 dBA at 800 m ( 1 / 2  mile) , and ab out 

48 dBA at 1 . 6 km (1 mile) . This 6-dB decrease is a cons ervat ive esti

mate based on simp le spreading of energy ; it does not take into  con

s ideration absorpt ion of sound by the atmosphere or by vegetation . 

These addit ional factors are diff icult to assess , however , without 

setting up detailed models . Therefore , f or the purposes of  this assess

ment , at tenuation estimates will be based on a 6-dB decrease with 

doub ling of distance and a 35-dB decrease  at 800 m ( 1 / 2  mi le) f rom a 

noise source . 

3 . 1 . 8 . 1  Noise characteristics of the s ite 

No noise surveys have been made f or the Redondo Canyon area of  the 

Baca Locat ion . However , the undeve lop ed nature of the area coup led with 

its remoteness from intens ive human activity indicate that ambient noise 

levels are those characteris tic of woods and open meadows with lit t le , 

if  any , intrus ion of vehicular or industrial types of noises except from 
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Table 3. 1 7. Typical "A" -weighted sound levels and human response 

Sou nd source dBAa Response criteria 
I ntensity 
/.;J.W/m2 l 

Car rier deck jet operation 

Jet ta keoff [60 m (200 ftl ]  

Discotheque 

Jet takeoff [ 6 1 0  m (2000 ftl ]  
Shout [0.2 m (0.5 ftl ]  

Heavy t ru ck [ 1 5  m ( 50 ftl ]  

Pneu matic d r i l l  [ 1 5  m (50 ftl ]  

Freight trai n [ 1 5  m (50 ftl ]  
Freeway traffic [ 1 5  m (50 ft l ]  

A i r  condit ion ing  u n it [ 6  m ( 2 0  ft) ] 

Light auto traffic [ 1 5  m ( 50 ft) ]  

Living room 
Bedroom 

Library 
Soft wh isper [5 m ( 1 5  ftl ]  

Broadcasti n g  stud io 

1 50 
1 40 

1 30 

1 1 0 

1 00 

80 

70 

60 

50 

40 

30 
20 

1 0  
0 

1 09 
Pai nfu l ly  loud,  l i mit�' 1 08 

ampl ified speech 
1 07 

Maximum vocal effort 

1 05 

1 04 

Very a n noying,  hear ing  
da mage (8 h rl 

Annoy i n g  
1 02 

Teleph one use d ifficult 
I ntrusive 

1 0 1  

Qu iet 
1 0- 1 

1 0- 2 

Very qu iet 
1 0- 3 

1 0-4 

Just audib le  
1 0- 5 

Th resh old of hear ing 1 0- 6  

aTypical A-we ighted sound l evels taken with a sound-level meter a nd expressed as 
decibels on the scal e .  The " A" sca le  approximates the frequency response of the hu man 
ear. 

Sou rce : Council on E nvironmental Qual ity. Environmental Quality - The First 
Annual Report of the Council on Environmental Quality, tra nsmitted to Congress, 
August 1 970. 
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previous proj ect activit ies and infrequent off-the-r oad vehicle use . 

Background noise levels would therefore be expected to be in the 40-dBA 

range , perhaps slightly lower at night . The character of the amb ient 

sound is that typif ied by the wind , insects , birds , and flowing water . 

3 . 1 . 8 . 2 No ise regulations 

State of New Mexico noise regulations are aimed at occupational 

exp osure.  Th is environmental analys is is directed at community noise , 

for which the St ate has only a prohib ition of public nuisance nois e .  

However ,  there are s ome generally accepted guidelines f o r  community 

nois e .  The U. S .  Department of  Hous ing and Urban Deve lopment , for examp le , 

sets criteria for a "c learly accep tab le" noise leve l as one that does 

not exceed 45 dBA for more than 30  min in a 24-hr time span .  The 

Environmental Protection Agency also recommends this leve l for nightt ime 

hours in res idential areas . These criteria or recommendat ions are not 

regulations , however .  

3 . 1 . 9  Visual resources o f  the reg ion 

The Jemez Mountains are noted in northern New Mexico for their 

s cenic quality . The region surrounding the Baca Locat ion contains many 

exce llent visual res ources , including one of the wor ld ' s  larges t calderas . 

The Valles Cald era is characterized by large , open meadows dotted with 

forested domes and set agains t a background of some of the highest peaks 

in the Jemez Mountains . Because the area is near two large population 

centers ( Los Alamos /Santa Fe and Albuquerque) ,  it receives heavy recrea

tion and s ight-seeing use.  Impacts on the visual quality of the area 

are of special concern . Figure 3 . 2 de lineates areas within the Santa Fe 

Na tional Forest that have high recreat ion use and scenic value and have 

been recommended f or exception from geothermal deve lopment for those 

reas ons ( U . S .  Fo res t Service 1 9 7 7 ) . Pub lic Service Company of New Mexico 

( Cantu 1 97 9 )  has prepared a comprehens ive inventory of the visual resources 

of the s tudy region ( s ee Fig . 3 . 25 ) , based on the Fores t Service ' s  

Visual Management Sys tem (19 74) . Appendix D contains a descript ion of  

the methods and de f init ions of some of the terms used below.  The 

following discuss ion of visual resources is condensed from Cantu ( 1 9 7 9 ) . 
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Figure 3 . 25 indicates the locat ions of sens itivity level one and 

two travel routes and use areas of concern within the visual study 

region (see Appendix D for exp lanat ion of sens i t ivity levels ) . The two 

proposed transmiss ion corr idors (of which only one will be chosen) are 

also indicated in Fig . 3 . 2 5 .  Sens itivity one travel routes of concern 

are State Highway 4 (or NM-4) , Forest Route 289  (Dome Road ) , part of FR-

268  (Bland Canyon Road ) , FR-l (Camp May Road) , and FR-1 33 (Banco Bonito 

Road) . Sensitivity one use areas in the vicinity of the transmiss ion 

corridors include the Eas t Fork of the Jemez River ( see Fig.  3 . 2) and 

the nearby Las Conchas Camp ground , Camp May , the Paj arito Ski Area ,  

Guaj e Canyon Trail , and the Quemazon Trail.  Sens itivity level two 

travel routes inc lude FR-10 (Ponderosa Road) , FR-280 (Peralta Road ) , 

part of FR- 2 6 8  (Bland Canyon Road) , and the Pipeline Road . Sens itivity 

two use areas include the summer home areas indicated on Fig . 3 . 3  

( e . g .  Hors eshoe Sp rings , La Cueva , Vallecitos de Los Ind ios , and Thompson 

Ridge) . The roads that serve the LASL technical areas , the East 

Jemez Roads , and the Paj arito  Road are indicated in Fig.  3 . 25 but are 

no t ass igned sens itivity levels . The Wes t Jemez Road as a part of NM-4 

has sens itivity level one . 

In the interes t of legibility , the character izations of all seen 

areas and their visual quality management obj ectives (see Appendix D) 

were not included in Fig . 3 . 25 . The reader is ref erred to  Cantu ( 1 9 7 9 ) , 

which includes a large map illus trat ing these areas . The visual manage

ment categor ies of select areas are described below (refer to Appendix D 

for an exp lanat ion of visual quality management obj ectives ) .  

Preservat ion areas 

Four areas are categor ized as preservation and are illus trated in 

Fig.  3 . 2 :  Bandelier Wilderness area , Monument Canyon Natural Research 

area , and the two Forest Service des ignated roadless areas , Dome and 

Caballo . 
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Retention areas 

The ent ire length of the Canon de San Diego , located southwest of 

the Baca Location , is a retent ion area.  The canyon , occup ied by the 

Jemez River , includes NM-4 and a large number of recreat ional use areas 

and scenic overlooks (refer to Fig . 3 . 2 ) .  Other retent ion areas include 

the Eas t  Fork of the Jemez River from the Valle Grande to the confluence 

with the Jemez River , Redondo Peak , Cerro Grande , a peak in the s outh

east corner of the Baca Lo cat ion , port ions of  Los Alamos Canyon , and the 

forested knolls in the Valle Grande .  Yoe qu�lity of the views in these 

retention areas are described in detail in Cantu ( 19 7 9 ) . 

Partial retent ion areas 

Partial retention areas include the fores ted s lopes within the 

Valles Caldera and on the mountainous caldera ring . All but one of the 

valles of the Valles Caldera fall into  this category . The va l les are 

characterized by gent ly concave grassy meadows . The Valle Grande is the 

most  extensive and impress ive of the val les . Accord ing to Cantu ( 19 7 9 ) , 

the va l les were assigned to the partial retent ion category be cause they 

represent homogeneous landscapes with little visual variety . However , 

views of the Valle Grande with the backdrop of fores ted mount ain are 

impressive and certainly merit protect ion . 

Modificat ion and maximum modificat ion areas 

Modif icat ion areas include many areas of the Baca Locat ion seldom 

seen , or not seen at all , from identified travel routes and use areas . 

Many of the forested domes withiQ the Baca Locat ion are categorized as 
mod ifi cation , as are the fores ted s lopes of Redondo Border , Redondo 

Pedk , a.r.d the hE.i.idwaters of Frij oles Canyon . Remaining l:1odif icat ion 

[ireaS are the restricted entry areas associdted with the LASL technical 

areas . 

MaximJm modi f icacion areas include the logged areas of the BElcEl 

L()(� a t i on ( s i�e Fig . ::-; . 19)  which are seldom seen from trave l routes . l'i e s 3.  
tops along Virgin , Holiday Ceb clilt a ,  and Ca t Mesas are also c l as s ifea 

as areas of maximum mod i f ication . 
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3 . 1 . 10 Pueb 12 Indian culture and religion 

The following discussion is based on a background s tudy of the Pueblo 

re ligion commissioned by DOE ( S ingley , et al 19 7 9 ) . 

3 . 1 . 10 . 1  Geographical setting 

Northern New Mexico is the home of the eastern group of Pueb lo 

Indians . There are 19 independent Pueb lo tribes , 18 of which occupy 

reservation lands in the Rio Grande Valley . The polit ical , cultural , and 

social focal point of each tribe is its primary village or pueb lo 

(Fi g .  3 . 26 ) . 

Those Pueblo tribes owning lands wi thin a 20-mile radius of the p roj 

ect si te are the Santa Clara , Cochiti , Santo Domingo , Z ia ,  and Jemez . 

The Santa Clara and the Jemez tribes are closest to the s ite ; their 

lands are ab out 12 miles away . Highway commuting times to the proj ect 

s ite from each of the nearest pueb l os are given in Tab le 3 . 13 .  

The Pueb l o  Indians derive their livelihood primarily from farming , 

wh i.ch has been p racticed for many generations and has become a cultural 

tradition fer the Pueb los . In any agr icultural community , water assumes 

a maj or role as the giver of bountiful harves ts . Accordingly , most of 

the pueblos are located on or near flowing streams , and the farmlands 

are s ituated on adj acent f loodp lains . Water is used by the Indians for 

domestic consump t ion , crop irrigation , medicinal applicat ions , and 

ceremonial purposes ( T .  Sando 19 7 9 ) . In the semiarid land of the Pueb los , 

water is essential to the Indian way of life . 

The proj ect s ite is drained by Redondo Creek , a tributary of the 

Jemez River . The Jemez , Zia , and Santa Ana Pueb lo tribes derive the 

maj ority of their water supply from the Jemez River Basin and its asso

c iated aquifer . 

3 . 1 . 10 . 2  Way of life 

The Pueblo way of life is inextr icab ly tied to the environment ,  

which the Indians usually refer to  as "Mother Earth . " The Pueb los pride 

themselves on having always lived in harmony with the environment , a 

concept that has only recently become accepted among non-Ind ians 
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(Weahkee 197 9) . As members of  an agr icul tural-based society living in a 

water-poor land with a delicate ecological balance , the Pueb lo Indians 

have developed a profound appreciat ion for the importance of Mother 

Ear th .  This appreciation forms the basis of the beliefs and pract ices 

that cons t itute the Pueb lo religion .  

For the Rio Grande Pueb los , relig ious beliefs and practices per-

meate every aspect of daily living . Religious belief prescr ibes re la

t ionships with the natural world and among the Pueb los themselves . 

Assurance of a harmonious relat ionship among the natural and s ocial 

wor lds is a bas ic concern . Relig ious societies in each tribe have 

par ticular respons ib ilities for maintaining a harmonious relationship 

between the people and the spir itual world in control of weather , 

fert ility , curing , hunting , and p leasure . Today , as in the past , most 

Pueb l os belong to a religious society , and a calendar of  ritual is  

observed . Their religion is an essential means by which the Pueb los assert 

their cultural ident ify . 

3 . 1 . 10 . 3  Concept of reality 

The doctrine on which any re ligion is founded generally derives from 

the adherents ' concept of  real ity . To understand the Pueb los ' percept ions 

and uses of the natural environment in relat ion to their rel igious beliefs , 

it is neces sary to understand the Pueblos ' world view . 

The Pueb lo world is based on the precept that space is sacred . Space 

is seen in terms of  horizontal zones and vertical leve ls ( Table 3 . 18 ) . 

Ea ch pueblo sets precise limits to its world . Boundaries differ from 

tribe to tribe , but all tr ibes adhere to the s ame principle for sett ing 

the boundaries . 

The hor izonta 1 world is b ounded in each of the cardinal d irections 

by sacred n'Quntains . The moun tains are sometimes associe ted with bodies 

of Tvat.er where spid ts are thought to res ide . Within these boundaries are 

other points of divis ion and p laces of worship , including both natural 

and man-made shr ines . A t  the cen ter of the horizontal d imens ion of the 

world is the Pueblo village itself . 
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Table 3.18. 0 imensions and associated natural phenomena of the Pueblo world 

Levels/zones and natu ral phenomena 
-------------------------

Vertical 

Horizontal 

Underworld 
( lowe r level ) 

Inner zone 

Vi l lage 

a I t  is not reported wh ich grou p u ses these sites. 

Source : Si ngl ey .  et  al 1 9 79 . 

Ea rtr. 
(m iddle leve l )  

BetltWen zone 

Spri ngs 
Streams 
An i m als  
Plants 

Outer zone 

Mounta i ns 

Sky 
{ u pper leve l }  

The ver tical order cons ists of  three levels : the sky ,  the earth , 

and the underworld . Of thes e ,  the underworld is cons idered mos t  s ignifi

cant ; it is the place o f  origin of  Pueblo human life and the home of 

spirits o f  the highest order . The Pueb los believe that they came to live 

in the natural world from under a lake to the north . Before leaving the 

underworld they lived in harmony and equality with the animals and spirits 

there . Worship of the spirits of  the underworld is cons idered essent ial 

to maintain the balance of elements in the other two levels , the sky and 

the earth . Events and condit ions within these levels affect life-

giving processes and the general well-being of the people . 

The sky and those spirits associated with celes tial bodies , clouds , 

rain , and o ther features of weather are looked to  for cyclical s igns 

indicating the initiation of various agricultural and other subsis tence 

activities . To ensure the continuation of favorable conditions , the 

spirits are worshipped in ceremonies conducted either by respons ible 

religious societies or the pueb lo as a whole at shrines throughout the 

Pueblo world . 

The middle level ,  Mo ther Earth , inc ludes all flor a ,  fauna , and 

natural features such as lakes , ponds , s treams , springs , mountains , hills , 

caves , and f issures . The Pueblos ascribe symbolic s ignif icance to  

natural features and products of the earth . Various natural products 

and items fashioned from them are used in rituals and ceremonies to  
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venerate the spirits in control of  their supply and quality . Was te of 

these products is not tolerated because the Pueb los unders tand that man 

is to live in harmony with his environment .  All animate and inanimate 

obj ects are important and have a p roper place in the universe . Harmonious 

actions ensure that the spirits will answer requests for life t s  neces

si ties . The gifts Ho ther Earth provides in the form o f  crops and other 

products are seen as fulfillment of  these reques ts . On the other hand , 

nonharmonious actions upset the natural balance of  the environment and 

product negative repercussions such as drought (Hecker le tter to Rogowsky , 

Appendix J) . 

3 . 1 . 10 . 4  Religious b eliefs and practices 

Al though there are some ,differences among the various Pueblo tribes , 

there exists  a basic commonality of  religious symbols and meanings . 

Variations are in matters of  detail . Desp ite contact wi th other cultures 

since the sixteenth century , notab ly the Spanish , Mexican , and Ameri can 

cultures , the Pueb lo culture has not changed greatly . The Pueb los retain 

many of their traditional ways . For instance , the Sp aniards tried to 

convert them to Catholi cism and other Spanish ways of  life . However ,  

assimi lation o f  Spanish social structure and Catholic doctrine occurred 

only when those concep ts were compatible with Pueblo beliefs and pract ices . 

The preeminent importance of water to the Pueb los is  expressed in 

their religion . Lakes , ponds , and springs are considered especially 

sacred because sp irits of  the underworld use them for access to and from 

the natural world . Accordingly , the Pueb los go to these wa ters to 

communicate wi th the spirits . Although communication wi th the under

world can take place elsewhere , the number of entry points to the under

world are limi ted . 

Flowing bodies of water are not cons idered pOLtals between the und?r

world and the na tural world . However , the Pueb lo Water S erp ent , the 

deity o f  terrestrial waters , is someti�cs manifes ted through f lowing 

waters . Among o ther responsibil i ties , this spirit has control over 

the f low of water and plays an important role in the agricultural cy cle . 

The day before water is ushered through irrigation di tches , a ceremony 

is held in his honor to en sure adequate flow for a bounti ful harves t .  



3-103 

When rain is needed and does not corne , the respons ib le religious 

society mus t  go to the mountains to ask for it . The high peaks are con

sidered the places where the clouds gather and rain forms . During p il

grimages to the peaks , offerings fashioned from materials of the natural 

world are left at shrines along the way and at the summit .  This ac t ivity 

appeases the spirits , who are then expected to send rain . 

Besides water , a number of other natural obj ects , animate and 

inanimate , have religious signif icance to the Pueb los . A var iety of 

p lants , herbs , and roots , such as yucca , pinon , j ims onweed , bear root , 

mountain tobacco , and var ious conifers , including the Douglas fir , are 

collected for religious purposes . Those plants growing in the farthes t 

and highest zones are collected during the cours e of pilgr images . Once 

collected , the plants may be used to  cons truct fetishes , cure disease , 

overcome witchcraf t ,  or venerate sp irits through rituals . 

Many animals of the region are associated with the spir its , and 

materials from these animals are used in rituals . Eagles part icularly , 

but also turkey , hawk, and other fowl , are cons idered important . Most 

of the Pueblos have a specific society respons ib le  for catching and 

ki lling eagles and distributing the feathers to the rest of the village 

for use in the adornment of shrines . 

Mountain l ion, bear , snake , badger , antelope , elk, and deer are a 

few of the species whose products are used in ritual as adornments . 

Usually an offering is made at a shr ine before a hunt . The remains of 

the kill are subsequently offered to the spirits to ensure an abundance 

of the species in the future . 

Many Pueblo ceremonies include prescribed dances and costumes . 

Masks impers onating spirits are common . These ritual costumes are made 

from antelop e or deer leather and are decorat ed with pigments collected 

from the surround ing ecological zones . A black mud us ed as ceremonial 

body paint comes from the banks of nearby s treams . Pottery used in 

ritual is glazed with mineral pigments obtained from the area . From the 

high mountains , obsidian and other stones are collected . A typ e of 

black stone is valued as an excellent heat conductor and cooking surface , 

especially for cooking a food called paper bread , which may have religious 

s ignificance . 
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Deities associated with the sky and its features are revered at the 

dis tant peaks as well as at s ites near to and within the village . The 

Pueblos look to the sky for indicat ions of a product ive or nonp roduct ive 

year . Respons ib le Pueblo religious groups or leaders watch the sky care

fully for constellations and celestial s igns indicating changes in the 

seasons . Part icularly sacred times of the year occur dur ing the solst ice 

and equinox ; ceremonies are conducted then for the good of  both the 

spir its and man . 

3 . 1 . 10 . 5  Sacred s ites 

As the meeting place of earth and sky ,  mountains hold a special 

religious s ignif icance for the Pueb lo . Some mountain peaks are the 

s ites of maj or rituals and ceremonies ; others mark the boundaries of the 

Pueb lo world . 

A number of  peaks and locations within the mountains are cons idered 

sacred to var ious Pueb lo group s .  The sacred s ites o f  dif ferent pueblos 

are often the same , but there is no conflict over their use for religious 

purposes . Because o f  the inherent secrecy surrounding the Pueb lo religion , 

an exhaust ive list o f  these s ites cannot be comp iled ; however ,  some of  

the locations that are reported as sacred to diff erent tribes are listed 

in Tab le 3 . 19 .  

Of all the known sacred s ites , the Redondo Peak is the area closest 

the proj ect area (Fig.  2 . 1) .  The Jemez Pueb lo owns a 4- by 4-ft p lo t  of  

land on the top of  Redondo Peak. This s ite is used for religious pur

poses by several Jemez religious societies. At or near the 
summi t  there are a number of  religious shrines . A secondary peak j u s t  

north of Redondo Peak may also be a religious site . 

Several Jemez religious societ ies are known to use Redondo Peak . 

Each summer the Underworld Chiefs ' Society makes a p ilgrimage to  the 

peak; the nature o f  the associated ritual is considered secret . Other 

Jeme z societies that use the peak are the Arrow , Eagle , and Mountain 

Lion societ ies . Although the Eagle Catchers once used Redondo Peak 

regularly , they repor tedly have been going to  a peak in the S ierra de Los 

Valles adj acent to Turkey Run in recent years . As 



Jemez 

Redondo Peak 

Mt. Tay lor 

Church Canyon 

Soda Dam 

Jemez Fa l l s  

Pajarito Pea k 

Cerro Toledoa 

2nd pea k  
north o f  
R edondoa 

Peak adjacent 
to Turkey Run 

Santa Clara 

R edondo Pea k 

Mt. Tay l or 

Ch icoma 

Sandia Mountains 

San Anton io 

La ke Pea k  

Cerro Toledoa 

2nd pea k  
north of 
Redondoa 

Table 3.19. I l lustrative l ist of Pueblo sacred sites 

San Juan 

Redondo Peak 

Mt. Tay lor 

Ch icoma 

Santa Clara Pea k 

Conj i lon 

Sandia Crest 

Truchas Peak 

Lake Peak 

San Antonio 

Area of Bartol ome 
Sa nchez G rant 

Santa Cruz G rant 

Sebastian Martin 
Grant 

Tesuque 

R edondo Pea k  

M t .  Tay lor 

Sandia M ountains 

La ke Pea k 

San Antonio 

Cochiti 

Redondo Peak 

Mt. Tay lor 

Stone Lions 
and "Cave Of The 
Ancestors" 

Teti l l a  Peak 

a I t  is  not reported wh ich group uses these sites. 

Source : Si ngl ey ,  et al 1 979 . 

San Fe l ipe 

R edondo Pea k 

Mt. Taylor 

Zia  

Redondo Peak 

Mt. Tayl or 

w I t-' o lJ1 
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indi ca ted in Table 3 . 1 9 , other Pueb lo  tribes recognize  Redondo Peak as 

sacred.  In the recent pas t ,  vi s its  have been ma de by groups from the Z i a, 

Sant a Ana , San F i lipe ,  Sant a Domi ngo , Coch it i ,  some Pueblos  north of 

Santa Fe, and the Jemez . The spec i f i c t ime , place , and nature of such 

vi s its are not known to ou ts iders , and the frequency of cu rrent vi s it

at i on is  not do cumented.  Some of the tribes , but not al l ,  c laim Redondo 

Peak as a boundary ma rker.  

All springs in the Jemez Mount ains are rega rded as sacred s i tes by 

the pueblos ( Hecker letter t o  Rogowsky , Appendix J) . There are two known 

sacred wat er bodi es within 8 mi les of th e projec t are a. 

There are nume rou s other known sacred s ites throughout  the Rio  

Grande V a l ley ,  bu t. they are we l l  removed from the projec t area. 

3 . 2  TRANSMI SS ION CORRIDORS 

Two routes have been proposed for a l15-kV transmission line from 

the Baca Power Plant to the TA- 3 subs tat ion (see Sect . 2 . 2 . 4 ) .  A maj or 

cons�deration in s elect ion of the routes was the minimizat ion of  potent ial 

visual impacts , particularly the avo idance of cross ing the Valle Grande 

a valuab le scenic resource.  Only one route will ultimately be chosen 

for the cons truct ion of  the transmis sion l ine . Corridors approximately 

1 . 6 km wide ( 1  mile) have been chosen along both proposed transmis s ion 

routes for cons iderat ion of potent ial environmental cons equences o f  trans

miss ion l ine cons truct ion . Figures 2 . 9 and 3 . 2 5 illus trate the two 

proposed transmiss ion corridors , labelled corridor 1 ( the Baca corr idor) 

and corr idor 2 ( the southern corridor) . Alt ernat ive links within each 

corridor are labelled by let ters (X,  Y ,  Z ,  for corridor 1 and A ,  B ,  C ,  D 

for corridor 2 ) . 

The following synops is of the exis ting environment along both 

corridors makes frequent reference to  regional environmental informat ion 

presented in S e c t .  3 . 1 . Also  Table 3 . 20 summarizes salient environmental 

characterist ics for both corridors . Certain det ailed environmental 

informat ion is lacking at the present stage of corridor sele c t ion .  Af ter 



Tabla 3.20. Environmental charactaristics for the two proposed 

transmi.ion corridors from the Blca plant to the TA-3 substation. 

Corridor 1 is the Baca corridors. corridor 2 is the southern corridor 

(refer to Figs. 3.25 and 2.91 
Corridor 1 Corridor 2 

( Baca) (southern) 

R ight-of-way characteristics 

Total length, km 3 2 -3� 3 7 -4 1 . � 

Land ownership a l ong corridor, km 

Pr iv ate - Baca 20-23 1 0_ 5  

Private - Other 0 - 1  

DO E 5 S 
U S F S  7 1 4_ 5 - 1 � 

NPS 0 3_ 5-6 _5 

Land u se cha racteristics 

Peren n ial streams crossed 1 2 
I ntermittent "and/or canyons crossed" 5 9 - 1 1 a 

N u m ber of resid ential  areas traversed 0 1 
State highway ( N M-4) crossings 1

b 
3b 

F orest Route crossing 4 
Tra i l s/unimproved road crossings 1 1 c 

LASL a rea roads 3d 3d 

Ecological cha racte r isticse 

% right-of-way within 
Forests 70-75 1 00 
Clearcuts 1 5-25 0 
Meadows 4 _ 5 -8.5 0 

E l k  use areas, km 4-S' Up to 9_5 
Salamander habitat, km 2_ rfI S 

Visu a l  considerations 

% right-af-way within 

Retention areas 4_5 1 3  
Parti a l  areas 2 1 . 5  53_ 5  
M od ification areas 52 22 
Max i m u m  areas 26 1 1 . 5  

N u m be r  of crossings o f  travel routes: 

Sensitiv i ty one 2 5 
Sensi tiv ity two 0 2 

N u m ber of sensitivity one use areas 

potenti a l ly affected by right-of-way 2 2 

a Varies accord i ng to alternative l i n k  chosen_ 
b I ncludes 1 cross i n g  of West Jemez R oad which is  an alternate of 

N M -4_ 
CM a y  cross 1 or more - depends upon exact placement of 

r ight-of-way in v i c i n ity of Los Conchos cam pground and the East F ork 

of the Jemez R iver_ 
d Not including the West Jemez R oad (corridor 2 paral le ls  an access 

road through T A- 1 6  for about 2 k m ,  both corridors paral lel  an access 

road north of TA-22 and T A-40 for about 1 _6 k m ) _  
e Because exact placeme n t  of r ight-of-way n o t  determ i ned, these a re 

rough esti m ates_ 
'Two l i nks cross ca lv i ng areas on the Cerro del M ed io_ 
gThese 2_ 5 km are known habitat_ An u n known portion of an 

additional  5 km on the eastern r i m  of the ca ldera could be potential l y  

habitat_ 
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one of  the proposed corridors has been selected , detailed engineering , 

environmental , and archaeologic surveys will be made . Final centerline 

placement of the 30-m ( lOO-ft)  right-of-way within the chosen corridor 

will be determined by the result s  of these s tudies and by negotiat ion 

with landowners or land management agencies invo lved . 

Route descript ion 

Corridor 1 - Baca corridor 

Corridor 1, or the Baca corridor , is about 32 to 35  km in length , 

depending upon which alternate link is selected , and crosses the Baca 

Locat ion to the east en route to the TA-3 stat ion ( see Figs . 2 . 9  and 3 . 25 ) . 

The corridor exits the p lant s ite and crosses Redondo Creek , trend ing 

northeast to leave Redondo Canyon at the saddle ab out 3 . 2  km up-canyon 

from the p roposed plant site . The Baca corridor then trends east

northeast ,  remaining for about 3 . 2 km within a clear-cut area on the 

lower slopes of Redondo Border.  Af ter leaving the clear-cut area , the 

co rridor s tays within stands of mixed-conifer forest on the northwes tern 

s lopes o f  the Jaramillo Creek at the point along the creek where the 

marshy meadow habitat is narrowest .  The corridor then traverses the 

lower south slopes of the Cerro del Abrigo , many of which have been 

clear-cut . After exit ing the clear-cut areas near the Puerta del Abrigo , 

corridor 1 divides into three links . 

The nor thern link , X, crosses almos t  3 . 2  km of  meadow within the 

Valle To ledo and ascends the Cerros de los Po sos at a saddle . Link X then 

trends s outheast within the mixed-conifer forest on the north slopes of 

thes e hills . The link then turns almos t  due s outh along the Sierra de 

los Vallos leaving the Baca Lo cation near the exit of the natural gas 

pipeline , j us t  southeast of the Valle de los Posos . 

The middle link , Y ,  remains south o f  the Valle Toledo , on the north 

slopes o f  the Cerro del Medio which have been clear-cut . Link Y then 

crosses a narrow por tion of the Valle Toledo , cross ing San Antonio Creek , 

and ascends the Cerros de los Posos to  j oin the northern link X at the 

saddle . 
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The southern link, Z ,  of  the corridor also remains south of  the Valle 

Toledo , travers ing more of the clear-cut lower north slopes of the Cerro 

del Med io than the other two links . Link Z then crosses the narrow ne ck 

of marshy grassland along the East Fork of the Jemez River south of the 

Valle de los Posos and ascends the spruce-fir forested slopes of the 

Sierra de los Valles to j o in the other two links and leave the Baca 

Locat ion as a s ingle corridor . 

After the Baca corridor exi ts the Baca Location , it enters the 

Santa Fe Nat ional Forest and descends the steep slopes of the eastern 

r im of the Valles Caldera . Almost immediately , the corridor crosses 

the Guaj e Trai l .  It also cros ses an upper arm of Los Alamos Canyon 

to follow a route north of the Paj arito ski area and south of Los Alamos 

Canyon. The corridor parallels FR-1 (Camp May road) for about 4 km . 

The Baca corridor then crosses the Wes t  Jemez road and enters the 

Department of Energy lands that comprise the Los Alamos Scient ific 

Labora tory Technical Sites . Within the LASL reservat ion the corridor 

trends southeast across Two-Mile Mes a ,  between Technical Areas 2 and 3 .  

I t  then turns due north between Technical Areas 2 and 23 t o  parallel 

an existing transmiss ion l ine , crossing the Paj arito road before entering 

the TA-3 substation . 

Corr idor 2 - southern corridor 

Corridor 2 ,  or the southern corridor , leaves the plant and crosses 

south across the Baca Locat ion ( see Figs . 2 . 9  and 3 . 2 5 ) . The corridor 

is from 37 to 4 1 . 5 km. in length , depending upon which alternat ive link 

is followed . The southern corr idor leaves the plant site , crosses 

Redondo Creek , and turns to the south-southwes t  along the lower northwest

facing s lopes of Redondo Peak . The line skirts the Banco Bonit o ,  a 

large meadow s outh of Redondo Peak , and turns southeas t ,  crossing 

E1 Caj ete Canyon , through which an int ermit tent stream f lows . The 

southern corridor then parallels the southern boundary of the Baca 

Locat ion for approximately 1 . 6 km before crossing into the Santa Fe 

Nat ional Forest into which it extends for 8 km .  
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Upon entering the f ores t ,  the southern corridor turns s outheast 

and crosses the East Fork of the Jemez River and NM-4 in the vicinity of 

the Los Conchas Campground . The corridor turns s outh for about 1 km 

and crosses FR-280 (Peralta Road) . The route then turns eas t and almost  

immediately divides into  two links . 

The nor thern link A turns northeas t and crosses the s outhern part 

of FR-268  (Bland Canyon road ) . Link A then trends p arallel to FR-268 

and FR-289 ( the Dome road) for about 1 km before reentering a small 

co rner of the Baca Ranch where it is j o ined by link B from the south . 

Link B traverses a sect ion of the Santa Fe fores t  ab out 1 . 5  km 

south o f  l ink A.  Like A,  link B also crosses the southern sect ion of  

FR- 2 68 . However , link B traverses a port ion of  the Primos Hermanos 

pr ivate inho ld ing , which is part ially subdivided for second horne develop

ment . Link B then trends northeast to j oin link A.  

After links A and B rej oin ,  the corridor crosses a corner of the 

pr ivat e Baca Ranch for less than 1 krn ,  parallelling FR-289 . The 

corridor then enters a p ort ion of Bandelier National Monument which was 

acquired in 1 9 7 6  from the p rivate o�vners of the Baca Ranch (with all 

geothermal leases and easements intact) . Within the monument the 

corridor divides into two links again . 

Link C trends northeast ,  paralleling FR-289 and then NM-4 for j us t  

over 3 krn .  Link C then crosses NM-4 and ascend s the lower slopes of the 

Cerro Grande , to avoid cross ing Frij oles Canyon . Link C then j oins 

link D and exits to National Fores t Land . 

Link D does not avo id upper Frij oles Canyon , but crosses both its 

east and wes t arms . Link D crosses NM-4 east of Fr ij oles Canyon within 

the Monument and j o ins link C to leave NP S land and reenter the Santa 

Fe Nat ional Forest as one corridor . 

Within the forest the southern corridor trends nor theas t for 

about 1 . 5  km to  cross Water Canyon , then trends southeas t for about 2 krn 

and enters the DOE LASL res ervat ion . The corridor crosses the Wes t 

Jemez road j us t  south of Technical Area 9 .  Within the LASL res ervat ion 

the corridor t raverses the wes t p o rt ion of TA- 9 and parallels an access 

road for about 2 km. The southern corridor then turns north , away from 
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the access road , and f ollows the same route as the Baca corr idor for the 

remainder o f  the route to the TA- 3 subs tation .  

3 . 2 . 1 Land ownership and use 

The following summarizes land ownership and present land use along the two proposed corridors . The reader is referred to Sect . 3 . 1 . 1  for land use information and maps for the general study region which includes the transmis sion corridors . Table 3 . 18 presents salient land use 
charac teristics for both corridors . 

Corridor 1 - Baca corridor 

The Baca corridor crosses from 20 to  23 km of  the privately owned Baca Ranch . Present land use along the corridor is for cat t le grazing and s ome private recreation .  Clear-cut logging pract ices have severely altered some portions o f  the Baca Ranch . However ,  logging i s  no longer practiced on the ranch . Much of corridor 1 within the Baca Ranch ut ilizes thes e clear-cut areas (see Tab le 3 . 18) . Sec tions o f  the corridor al s o  cross meadow grazing areas . 
The Baca corridor crosses about 7 km of the Santa Fe Na tional Forest as the route descends the s teep eas tern slopes of the Valles Caldera.  This portion o f  the fores t is extens ively used by Los Alamos res idents for day-use recreational activi ties such as hiking , picnicking , cros scountry skiing , horseback riding , and ORV us e .  The Baca corridor will be adj acent to and vis ible f rom the Paj arito Ski area and FR-l (Camp May road) , the road to the ski area . The Forest Service lands are also us ed for timber production .  Almost the entire Santa Fe Fores t portion o f  this Baca corridor passes through large mature timb er of  commercial s i z e .  

The Baca corridor crosses about 5 km of DOE-owned land that comprises the LASL Technical Sites . The land is used exclus ively for a var iety of  res earch and supp ort activities and as open land for security around the technical areas . 

• 



• 
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Corr idor 2 - s outhern corridor 

The initial 9 . 5 km of the southern corr idor cross the private 

Baca Ranch ; an addit ional 1 km of the ranch is cr ossed again by the 

corridor as it leaves USFS land and enters the Bandelier Monument .  This 

sou thern sect ion of the Baca Ranch has not been extens ively logged . 

The southern corr idor traverses about 11 km of the Santa Fe Forest 

s outh of the Baca Ranch and then another 3-4 km of  USFS land between 

Bandelier National Monument and the LASL reservation . Act ivities 

occurring in the USFS land include selec t ive logging , grazing , and heavy 

recreational use ,  especially in the sect ion south of the Baca Ranch . 

Some of  the Santa Fe Fores t south of the Baca has been leased for geo-

thermal exploration and development .  

The southern corridor crosses about 3 . 5 t o  6 . 5  km of the Bandelier 

National Monument administered by the National Park Service . This parcel 

of the Monument was acquired (with geothermal r ight s  intact) from the 

pr ivate owners of the Baca Ranch to protect the Upper Frij oles watershed 

and the cultural resources located in the parcel (Wirth Associates 

19 7 9 ) . Current use of this land is  restr icted to  recreation . 

Af ter leaving the Bandelier Monument ,  the s outhern corridor traverses 

3-4 km of  the Santa Fe Nat ional Forest and enters DOE land on the LASL 

reservation . For the f inal 8 km, the south corridor remains on DOE land 

to its terminus at the TA- 3 substation .  

3 . 2 . 2  Ecology 

The ecological communit ies of the s tudy region including the trans

miss ion corridor s are d iscussed in Sect . 3 . 1 . 5 ,  which includes a vegeta

tion map . The f inal s tatement for the LASL reservat ion (DOE 197 9 )  also 

includes a vegetation map of the LASL area and a d iscuss ion of ecology of 

the LASL reservation . Tab le 3 . 18 summar izes environmental charact er istics 

for both corridors . Detailed vegetation and faunal studies have not 

been done along either corridor . 
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Corridor 1 - Baca corridor 

The Baca corridor crosses a total of  approximately 1-3 km of va Z Zes 

meadow habitat on the Baca Locat ion . About 6 . 5  km of the corridor 

utilizes portions of the Baca Ranch which have been previous ly clearcut . 

The remainder of  the Baca corridor is within heavily forested areas . 

Because of the indistinct boundaries between the mixed conifer and spruce

fir vegetation types , it is difficult to determine exactly how much of 

the corridor traverses each type.  Generally the s teep eas tern slopes 

of  the caldera east of  the Baca Locat ion are f ores ted by the spruce-fir 

type . Therefore , approximately 7 km of the Baca corridor may be in 

spruce-f ir f ores ts . About 5 . 5-6 km of the Baca route (mostly on the 

LASL res ervat ion) , is in ponderosa p ine f ores t .  The remainer of the 

forested land on the Baca Ranch and on the Santa Fe Forest crossed by 

the Baca corridor is within the mixed conifer vegetat ion type . Almo s t  

a l l  the forested land crossed by the corridor , except f o r  the logged 

areas on the Baca Ranch , has timber of c ommercial s ize . The f ores ts 

on the eastern s ide of the caldera cons ist of  large mature trees . 

The Baca corridor crosses elk year-round hab itat within Redondo 

Canyon .  Also  links Y and Z cross identif ied elk calving areas on the 

Cerro del Medio (see Sec t .  3 . 1 . 5 ) in the eastern half of the Baca Ranch . 

The eastern slopes of  the caldera are a summer use area for elk (DOE 

19 7 8) , but the Baca corridor crosses north of  the heavy use identif ied 

by LASL . 

Because the Baca corridor utilizes mostly south-facing slopes and 

clear-cuts on the Baca Ranch , except for Redondo Canyon lit t le potent ial 

salamander hab itat is crossed . Only the init ial 3-4 km of the corr idor 

crosses identif ied salamander habitat in Redondo Canyon . No salamanders 

have b een collected from the Santa Fe Forest land east of  the Baca 

traversed by corridor 1. However ,  it is possible that the habitat is 

present s ince much of  this area is heavily fores ted with spruce fir . 

Both corridors cross  areas within Redondo Canyon where five species 

of plants identif ied as rare in the State of New Mexico may be found (see 

Sect . 3 . 1 . 5 . 3 . 1) .  Als o a species of plant on the Federal list ( threatened ) 
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Pediocatus papyracanthus� is found in the 10s Alamos vicinity , where 

the corridors terminate .  

Corridor 2 - southern corridor 

The south corridor crosses less than 1 km of meadow hab itat , j us t  

south o f  Redond o Canyon . It crosses the East Fork of  the Jemez River in 

a fores ted area between meadows . Because this co rr idor utilizes , for 

the mos t  part , south s lopes below 2745 m (9000 ft ) , it crosses little 

spruce-fir fores t .  Only about 1 .  5 km of  the corridor j us t  east o f  

Bandelier Monument i s  within this vegetation typ e .  Almost  the entire 

port ion o f  the c orrido r within the 1AS1 reservat ion is in p onderosa p ine 

fores t .  The remainder of the corridor is within mixed conifer fores t .  

About 3 . 2  km o f  the c orridor traverses port ions of  the Santa Fe Forest 

that have been selectively logged . The maj or portion of the s outhern 

corr idor is within fores ts of commercial-size t imber . 

The s outhern corridor crosses known elk summer and winter hab itat 

in Redondo Canyon and crosses ab out 1 . 5-2 . 5  km of  the Banco Bonito , an 

identified elk wintering area (U . S .  Forest Service 1 9 7 7 ) . The southern 

corridor crosses about 4 km of an area of heavy elk summer use identifed 

in the LAS1 statement (DOE 1 9 7 9 ) . 

The s outhern corridor traverses some known habitats o f  the Jemez 

Mountains salamander including approximately 3 . 2  km of north-facing lower 
. 

s lopes within Redondo Canyon (see Sec t .  3 . 1 . 5 . 3 . 2 ) . After cro ss ing the 

Eas t Fork of the Jemez River , the corridor turns south to avoid the main 

concentrat ion of salamander hab itat described by Reagen ( 19 6 7 , 19 7 2 )  on 

the north-facing slo pes of the Sierra de 10s Valles (see Fig . 3 . 22 ) . 

Both l ink A and link B ,  however ,  cross the Canyon del Nort e ,  where 

Re:J.gen lists a number of collection s ites (see Fig . 3 . 2 2 ) . 1ink B 

traverses the head o f  Pines Canyon , where Reagen ( 1 9 6 7 )  collected the 

s�ecies from s outh-f acing  slopes . Sect ions of the co rridor within 

Bandelier Nat ional Monument and eas t of  the Baca Location in the Sant a 

Fe Na t i onal Fores t cross areas where , ac�ording to  isolated records , the 

salamander als o exis ts (New Mexico Heritage Program 1 9 7 8 ) . A total of 

8 km of the s outhern corridor crosses salamander hab itat . 
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3 . 2 . 3 Soils 

The following is a description of soil typ es along both corridors . 

Refer to the maps of soil types for the study region in Sect . 3 . 1 . 2 .  

Characteris t ics of the soil types and maps of soils along the corridors 

may be found in Table 3 . 2 .  

Northern 

Corridor '1 - Baca corridor 

There are 30 soil mapping units ident if ied eX:21us ively along the 

Baca corridor outside of the 2roj ect s ite . Of this number , two ( 6 . 6%) 

have severe erodibilities ; seven (23%) of  the units have overall (general 

sens itivity to transmiss ion line cons truct ion) rat ings of severe.  The 

maj ority ( 18 ,  or 60%) are characterized by moderate erodib ility ; 9 units 

(30%)  have general sens itivity ratings of slight to moderate or moderate . 

Southern 

Corridor 2 - southern corridor 

There are 33 soil mapping units coincident with the s outhern trans

miss ion line corrido r .  Six percent ( 2  uni ts)  of thes e soils have severe 

eros ion potent ial ; the maj ority ( 60% or 20 units )  are characterized by 

moderate erodibi lity . The general sens itivity to transmis s ion line 

cons truction category ranges from slight to moderate hazard potent ial 

to severe . Nineteen ( 5 7 % )  of the soil mapping units have severe 

sens itivity ratings ; s ix ( 18%)  are rated moderat e .  

Detailed archaeology surveys have not b een done for either corridor . 

Normally such surveys are done in conj unct ion ,'lith other envirop.ID"!ntal 

and engineer ing sUL" 'Jeys when the route s e lect.ion process has narrm"red 
the r ight-of-way select ion . This proj ect has not yet pro gres sed to this  

point . However , an archaeological analys i3 and predictive s tudy has 

be'.:n conduc ted for a broad corridor o f  land to the eas t and south of 
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the Baca s ite (Camilli 19 7 9 ) . The Camilli s tudy cons iders the archaeo

lo gial potent ial of various types of hab itat based on current archaeologic 

find ings in the surrounding vicinity . The purp ose of the s tudy was to 

provide baseline data for further archaeological invest igation when a 
definite transmiss ion l ine alignment is made . The methodology us ed in 

the study ut ilizes LANDSAT satellite imagery to s tratify environmental 

zones , along with archival research , to obtain exis t ing archaeological data 

and to predict archaeological site type and dens ity in presently unknown 

corr idors of the transmiss ion s tudy areas . This s tudy provides a base 

of quantifiable analysis for alternat ive transmission corr idors in the 

route select ion process as well as background data for the inventory 

f ield survey which will be conducted after a specific transmiss ion line 

alignment is made.  

Utilizing the Camilli s tudy , PNM has determined (Public Service 

Company of New Mexico 19 7 9 )  that the southern corr idor (corr idor 2 )  

has a 2 2 %  greater probability for encountering archaeologic res ources 

than the Baca corridor ( corridor 1) . This determinat ion is based partly 

on the southern corr idor ' s  greater length and partly on the fact that it 

traverses a port ion of the Bandelier Monument where cultural res ources are 

known to exi s t .  Addit ionally Bandelier Nat ional Monument in its ent irety 

is current ly l is ted in the Nat ional Register of His toric Places (U . S .  

Department of  the Interior 197 9a) . 

3 . 2 . 5  Visual resources 

Sect ion 3 . 1 . 9 contains a discus s ion of visual resources of the s tudy 

region including the two proposed corridors . Figure 3 . 25 is a map 

showing sens itivity one and two travel routes and use areas and indicat in g 

the proposed corridors . Table 3 . 18 indicates the percentage of each 

corridor within each of  four Visual Quality Management Obj ective Classes 

( there are no Pres ervation areas ) crossed.  Appendix D contains a d is

cuss ion of the Management Obj ective c lasses . 
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Corridor 1 - Baca corridor 

The Baca corridor remains out of view of public use areas and travel 

routes for almost its entire length on the Baca Lo cation . As it descends 

the slopes of the eastern caldera rim,  it crosses near the Paj arito Ski 

area and Camp May and parallels FR-l (Camp May road ) . It crosses the 

West Jemez road (NM-4 alt . ) and the Paj arito road within the LASL Tech

ni�al Si tes . All thes e travel routes and use areas are sens itivity one . 

Ab out 7 km of  the Baca route is within an area (Fig . 3 . 2 ) identif ied by 

the Fores t Service as having high scenic value and heavy recreat ion use 

and recommended as being excep ted from geo thermal development (U . S .  

Forest Service 1 9 7 7 ) . 

Corridor 2 southern corridor 

About 4 km of this corridor crosses an area des ignated as scenic 

and having heavy recreation use by the U . S .  Fores t Service ( 19 7 7 ) . In 

addition , the U . S .  For est Service ( 19 7 7 )  recommended that the land in 

this proposed corridor be excepted from geothermal leas ing because of 

its recreational and scenic value . The corridor cross es the East Fork 

of the Jemez and NM-4 near the Los Conchas Campground ; all are sens itivity 

one areas . It  crosses FR-280 (Peralta Canyon road) and the southern 

section of FR-268 ( the Bland Canyon road ) , which are sens itivity two 

travel routes . The southern corridor crosses FR-268 and FR-289 (Dome 

road) where they are sens itivity one . The corridor then parallels FR-

2 8 9  for about 2 km .  Add itionally it crosses NM-4 and Wes t Jemez road 

(NM-4 alt . ) and the Paj ar ito road - all sens itivity one . 
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SUMMARY OF CHANGES 

4 .  IMPACTS OF THE PROPOSED PROJECT 

• 

Thi s section contains expanded analyses o f  the impact on future public 

ownership of the Baca Ranch ( 4 . 1 . 1 ) ; archaeological , cultural , and 

re l i g i ous issues (4 . 1 . 7 ) ; wa ter quality  ( 4 . 2 . 2 ) ; air  qua l i ty (4 . 2 . 3 ) ; 

the e f fect s of acc ident s (4 . 3 . 3 ) ; t ransmi s s i on lines ( 4 .4 . 1 ) ; and 

pot ent ial  fu l l -s cale deve lopme nt ( 4 . 5 ) . 

4 . 1  IMPACTS OF CONSTRUCTION OF WELL FIELD AND POWER PLANT 

4 . 1 . 1  Impac ts on land use 

Construction of the proposed proj ect will result in a to tal o f  

approximately 300 ha (740  acres)  o f  land within Redondo Canyon being 

devoted over the 30-year life of the proj ect to the production of  

elec tricity from geothermal resource s .  Thi s area includes the plant 

s ite and all production and inj ection wells estimated to be required 

over the 30-year lifetime of the power plant . We ll spacing in the 

reservoir of 8-ha (20-acre) is as sumed . The entire well f ield and plant 

s ite are conf ined to privately owned land . Presently, no private use 

of the land within Re dondo Canyon should be af fected by cons truction 

and operation of the proposed power plant . 

Po tential effects on surrounding land uses are possible during both 

cons truct ion and operat ion of  the proposed power plant and well f ield . 

Sect ion 3 . 1 . 1 . 3  details the location of  resident ial areas , predominantly 

second-home development s ,  with respect to proj ect activities . The nearest 

res idence is 3 km from the main proj ect site . At the nearest residence ,  

noise from drilling and well test ing should not be detectable above back

ground no ise levels (see Sect . 4 . 1 . 6 ) . Emiss ions o f  hydrogen sulf ide 

from well testing should not raise the ambient levels sufficiently to 

cause detectable odor at the nearby residences (see Sec t .  4 . 1 . 3) . The 

only potential source o f  conflict of proj ect construction with the nearby 

res idences would be increased traffic . Diesel trucks and heavy construc

t ion machinery enroute to the proj ect s ite will pass less than 300 m 
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f rom some res idences in the Deer Canyon-Thompson Ridge area , which is 

near the entrance to the p roj ect s ite off NM-4 . The increas ed noise and 

activity from the traf fic could b e  a s ourc e of annoyance to the residents . 

I ncreased traffic may also adversely impact the Jemez and Santa Ana 

Reservat ions and the Z ia Pueblo . As s tated previous ly ( Sect . 3 . 1 . 7 . 6 ) , 

approximately 2% of the population of  Zia Pueb lo was killed in accidents 

involving semit rucks in the past two years . The increased traffic result

ing from construct ion may increas e the chances for accidents . However , 

the magnitude of this potent ial increas e is not known . Also , the noise 

and act ivity resulting from the increased traffic may b e  a source of 

annoyance to members of Jemez , Santa Ana , and Zia Pueb los . Mitigation 

may b es t  b e  achieved by limit ing construction traffic to the daytime 

hours and by consultat ion with the res idents mos t  affected . 

The scenic values of  the Jemez Mountains and the relatively heavy 

recreational use of  the pub lic lands surrounding the Baca Location have 

b een descr ib ed elsewhere in this document (Sects . 3 . 1 . 1 . 2  and 3 . 1 . 9 ) . 

Cons truction and later operation o f  the proposed demonstration power plant 

and well field could b e  a source of conflict with some recreat ional uses , 

both d irectly and indirectly . During cons truction , direct effects on 

vis i tors to the Santa Fe National Forest recreation areas near the proj ect 

would accrue mainly from the increase in truck traf f ic and its at tendant 

nois e .  Because of their location within a canyon, the main proj ec t s ite and 

well f ield are not vis ible from any recreational use areas . Addit ionally , 

the proj ect s ite is sufficiently f ar f rom NM-4 and campgrounds that no ise 

from cons truction and well t es ting will not b e  detectable at these areas . 

Effects on r ecreational users from cons truction-related traffic will b e  

shor t- term and should no t b e  s ignificant . 

Potential indirec t conflicts with recreational users would be 

related to the fact that some of these users will perceive the proposed 

demons tration power p lant as an es sent ially industrial development that 

is incompatible with the surrounding natural values of the area . To some 

recreational users , j ust the knowledge that a power plant is nearby could 

reduce their enj oyment of the natural setting . This type of impac t is , 

of cours e ,  very subj ective and almos t impossible to mit igate completely . 

However , a public view o f  geothermal energy as a des irable alternative 
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could s erve to ameliorate the po tent ial conflict , to some extent . An 

appropriate pub l ic information campaign would aid the development of  a 

positive pub lic view o f  the proposed proj ect . 

Impacts on the Natural Landmark s tatus 

The entire Baca Locat ion and Valles Caldera is a nat ional natural 

landmark ( s ee Sect . 3 . 1 . 1 . 2 ) . Designation as a landmark does no t confer 

any legal pro tec t ion on privat e land from private uses that could change 

the character o f  the landmark. However ,  all Federal agencies are required 

to take cognizance o f  the s i tes listed on the Na tional Regis try of Natural 

Landmarks in contemplating any Federal action that would af fec t a landmark 

(U . S .  Heri tage , Conservation , and Recreation Service , 1 9 7 8 ) . Sh9uld the 

natural integrity o f  an eligible s it e  deteriorate from either natural or 

man-induced caus es , to the extent that nat ional s ignificance is lost , the 

s ite will b e  removed from the regis try . Landmarks are recognized as 

"nat ionally significant" areas that are "a true , accurate and essentially 

unspoiled example of nature" (U . S .  National Park Service 1 9 7 1 ) . The Baca 

Locat ion/Valles Caldera is largely undeveloped . Al though some parts of 

the Baca Locat ion have b een altered by past geothermal drilling , clear

cutting of timber (Appendix B) , and cons truction of ranch buildings , a 

ski area , and a natural gas p ipeline , large portions of  the Baca Location/ 

Valles Caldera remain in the ir natural s tate . The general impression of 

the area from public use areas along NM-4 is one of unspoiled natural 

b eauty . Because o f  its indus trial nature , the proposed demons tration 

power plant and transmiss ion l ines will change the present nature of the 

Baca Location/Valles Caldera that led to its designa tion as a landmark . 

Future geothermal development b eyond the demons tration plant , encouraged 

by success of the proposed proj ect , would fur ther reduce the integrity 

of the area.  The Heritage Cons ervation and Recreation Service (HCRS ) , 

which adminis ters the Landmark Program ,  has b een consulted regarding 

possib le conflicts of the proposed proj ect with the landmark s tatus of  

the Baca Location/Valles Caldera . The Service has determined that the 

potential for this proj ect cons titutes a threat to the integrity of the 

landmark (U. S .  Heritage , Conservat ion , and Recreation Service 19 79 ) . 
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Impacts on potential future pub l ic acquisition 

Relationships of the proposed proj ect with plans for poss ible future 

pub lic acquisition of the Baca Locat ion/Valles Caldera are dif ficult to 

predic t .  Since the proposed proj ect s ite is confined to Redondo Canyon 

in the southwes t  portion of the caldera , conflicts with pub l ic use o f  

mos t  o f  the caldera would b e  expected t o  b e  minimal . 

Redondo Peak offers the bes t vantage point for a full view of 

the ' caldera (U . S .  Department of  the Interior ( 1 9 7 9 ) . 

T h e  e n t i r e proposed 50-MW(e)  plant and well f ield would be visib le 

from the Redondo Peak area.  How much of  the facility would b e  vis ib le 

from the summit of Redondo Peak is not known . However , the plume and 

portions ' o f  the transmiss ion line will b e  vis ible from the summit (Paulson 

19 78) . Furthermore , i f  the Baca transmiss ion corridor is ut ilized for 

cons truc tion o f  the l15-kV transmiss ion l ine , the line would probab ly b e  

visible from other pub l ic use areas within the caldera.  It  i s  pos s ible 

that future plans for public use o f  the caldera might include the pro

posed plant as a visitor  area to display the country ' s  first use of a 

liquid-dominated geothermal resource to generate elec tricity . 

However , the Department o f  the Interior has recommended delaying the 

proj ect or  moving the proj ect to an alternat ive location so as not to 

j eopardize pub l ic acquisition plans . ( See Appendix I,  Comments and 

Responses , pp . 1- 14 and 1 5 ) . 

A detailed discus s ion of  the extent to which geothermal activit ies 

could affect the vis itor experience would require in formation ab out the 

future type and level of  pub lic use and the location of roads , trail , camp

grounds , and interpretive s ites . At the present s tage o f s tudy of public 

acquis it ion alternatives for the Valles Caldera , this information is not 

available (U . S . Department of  Interior 1 9 7 9 ) . The Department of Inter ior 

s tudy of alternatives for the caldera adknowledges that geothermal develop

ment is a po tential threat to the area ' s  natural and cultural resources . 

Po tential conflicts are mentioned in the categories of air quality , water 

qual ity , visual impacts , no ise,  quality of wildlife hab itat , and cul tural 

resources . Expanded geo thermal development in the caldera , which could 

be encouraged by the success of the proposed p roj ect , could prove , by its 
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industrial natur e ,  to be incompatible with future use of the Valles Caldera 

as a public preservation or recreation area . 

4 . 1 . 2  Impacts on water quality and use 

Construct ion act ivities in Redondo Canyon could accelerate eros ion , 

which would increase suspended s ed iment loads and turb idity of  surface 

waters and s edimentation of s tream bottoms in Redondo Creek and in other 

downstream aquatic systems . In addition to activities associated with 

previous exploration and well f ield development at the Baca Proj ect , 

current sources o f  s ed imentation in the Redondo Creek and Jemez water-

shed also include eros ion from recent forest fires , clear-cutt ing , and 

road cons truc tion.  During normal flow ,  water in Redondo Creek is clear 

(F1avi11 and Whit ford 19 78)  and undoub tedly does not exceed the State 

turb idity standard (normal f low) for the Jemez River and its tributaries 

ab ove Jemez Springs o f  2 5  Formazin turb idity units (FTU) . However , the 

proximity o f  road and well pad cons truct ion activit ies to the creek 

provide a po tential for eros ion and resultant sedimentat ion . More than 

one-fourth o f  the length o f  Redondo Creek is adj acent to the geo thermal 

development (Sect . 3 . 1 . 3 . 1 . 1) . Al though the well pad cons truc tion is 

almost  complete , dis turbances related to road , p ipeline , and plant con

s truction may accelerate eros ion in the Redondo Creek watershed throughout 

the cons truction perio d .  The applicant plans t o  use erosion control 

procedures dur ing and after cons truction ; however , considerable eros ion 

and s tream s ed imentation may result from roadbuilding and other ac tivities , 

even when good eros ion control pro cedures are carefully implemented (Beschta 

19 78 ; Reed 1 9 78) . 

The two mos t  prob ab le means o f  soil transport to Redondo Creek are • 

overland f low (water flowing unchanne1ed over the soil surface b ecause 

the infiltration capacity of  the soil has b een exceeded by rainfall 

intens ity) and mass soil movement ( rap id movement of soil down an incline) 

from adj acent road and well pads . The pumice soils of the area are highly 

erodible (U . S .  Forest Service 1 9 7 7 ) , and the intense thunderstorms that 

occur during s ummer can produce large amounts o f  overload flow carry ing 

large quantities o f  sed iment to s treams (U . S .  Geological Survey 1965 ) . 
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S uch s torms may also trigger soil movement into Redondo Creek from 

adj acent roads ides and well pads even though thes e are carefully con

structed and maintained ( Beschta 1 9 7 8 ) . During a visit  to the site in 

Augus t 19 7 8 , s edimentation of the s treamb ed of Redondo Creek was apparent 

at certain areas where an unpaved access road ran adj acent to the creek . 

Similar observat ions were recorded during the baseline aquatic ecology 

survey (Flavill and Whit ford 1 9 7 8) . 

Suspended s ilt entering Redondo Creek could b e  transported cons ider

ab le d istances downs tream, even during normal f
,
low . For example , excava

tion o f  a pool in San Antonio Creek , inmlediately above its confluence 

with Sulfur Cr eek, caused the s tream to be turb id for 3 krn (2 miles) 

downstream dur ing normal flow (Flavill and Whitford 1978 ) . Suspended 

l oads in s treams in this region are highes t during and immediately af ter 

intens e rains torms (U . S . Forest Service 19 7 7 ) . In some circums tances , 

most l ikely as a result of  sever e s torms , s ediment entering Redondo Creek 

could reach San Antonio Cr eek and the Jemez River . Effect s of downstream 

s edimentation on aquatic b io ta are addressed in Sect . 4 . 1 . 4 . 2 .  

4 . 1 . 3 Air quality 

Air quality impacts during cons truction and well field development 

will result from fugitive dus t and engine emiss ions and from venting of  

geothermal wells during flow t es ting . The dus t and emissions will b e  

a t  a r ela tively minor l evel and will b e  localized t o  the immed iate con

s truct ion areas and ro adways of occurrence . The main road to the proj ect 

area will be paved . Dus t control measures will b e  utili zed where 

appropriate to minimize releases . 

Geothermal f luids contain gases and dissolved so lids as d iscussed 

in Sects . 2 and 3 .  During well testing,  a period of a few days , these 

gases will b e  vented th rough a submerged discharge tub e in the well 

catchment b as in .  

There will also b e  relatively short periods o f  venting to the atmo

sphere .  Hydrogen sulfide will b e  the only emiss ion of concern during 

this per iod and will be released at an estimated rate of 2 5  to 50 lb /hr 

per venting \Yell . When a well is  flow tes ted the operator mus t measu-ce 
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the release of hydrogen sul f ide to the atmosphere;  if  it is less than 

10 lb/hr then a permit i s  not required and that release rate is inter

pret ed by the State as meet ing the air quality s tandard for hydrogen sul

f ide at the proj ect boundary for f low tes t ing . 

A permit is  required for a release greater than 10 lb /hr , but the 

State makes a determinat ion for each well as to whether the air quality 

s tandard will be exceeded at the proj ect boundary and takes appropriate 

action at such t imes (New Mexico Air Quality Sec tion 1 9 7 9 ) . I f  more 

than one well is vented at  a t ime , some periods of concentrations in excess 

o f  State l imits may be experi enced , but a fter test ing the wells will b e  

s hut back to approximately 10% of  full flow so that mult iple releases at 

full flow should not occur o ften .  

4 . 1 . 4  Impacts on b iota 

Impacts o f  the cons truction p lant and well f ield only are d is cussed 

b elow.  The impacts o f  cons truc tion and operation o f  the transmiss ion 

l ines are dis cussed in Sec t .  4 . 4 .  

4 . 1 . 4 . 1  Impac ts on t erres trial b iota 

Impacts on terres trial b iota will include removal of vegetat ion from 

land cleared for construction s ites and drill pads and both direct and 

indirect loss of  wildlife habitat . Direct hab itat loss will b e  related 

to loss of land committed to the plant roads , pipelines , and well pads . 

Indirect hab itat loss will occur for thos e  species of  wildlife that will 

vacate the vic inity of the p roj ect s ite as a result of disturb ance from 

increased noise and activity . Both types of  hab itat loss can b e  held to 

a minimum with proper miti gation . 

The to tal area o f  the well field within Redondo Canyon is approxi

mately 300 ha (74 0  acres ) ; from 10 to 20% of the 300 ha will ult imately 

be d is turb ed in connect ion with cons truc tion of well pads , access roads , 

p ipelines , and the power plant . The maj ority of  this disturb ance has 

already taken place . Almo s t  all of the well pads and access roads have 

already been cons tructed , and the s ite for the proposed power plant has 

b een cleared in connec tion with earlier exploration activit ies . Future 
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disturbance related to the proposed proj ect will be pr imar ily limited to 

clearing for p ipeline r ights-o f-way and a few addit ional well pads . Up 

to 16 ha (40 acres) could be cleared for these purposes . However , mos t  

o f  the area cleared for p ipeline cons truct ion will b e  reseeded immediately 

once p ipeline cons truction has ceased . 

There are a var iety of  vegetation sub-types or communities within 

Redondo Canyon (see Sect . 3 . 1 . 5 . 1) ,  including riparian communities along 

the creek , s crub oak on the south-facing s lopes , and conifer on the north

facing s lopes . The locat ions of  all future p ipelines and well pads depend 

upon r esults of well t es ts during well f ield development . Therefore , it 

is not poss ib le to accurately es timate how much clearing will take place 

in each vegetational community . Three species o f  plants cons idered rare 

in New Mexico could potentially occur in the well f ield area . Impacts 

on these species are address ed in Sect . 4 . 1 . 4 . 3 dealing with rare and 

endangered s pecies . 

The removal o f  vegetation from land cleared for construction will 

res ult in d irect hab itat los s for wildlife spec ies that presently inhab it  

the areas in question . Lo ss o f  individuals of many of thes e species is 

inevitab le .  Some individuals , particularly burrowing animals , will b e  

destroyed during the clearing operations ; o thers will b e  lost as a result 

of increased competition in adj acent hab itats as displaced individuals 

move into these t erritories . Thes e losses will involve , for the mos t  part , 

small wildlife species such as rodents , rabb its , and passerine b irds . 

Mos t  o f  thes e species ar7 common and w idely distributed throughout the 

region , and the loss of s ome individuals and their  hab itat will no t be 

signif icant . However , for two wildlife species , hab itat loss is of some 

concern . Th es e species are elk and Jemez Mountains salamander . Impacts 

on the salamander are d iscus sed in Sec t . 4 . 1 . 4 . 3  dealing with rare and 

endangered species . 

Hab itat loss for elk could accrue direc tly from destruc t ion of  vege

t ational cover and indirectly from disturb ance as a result of increas ed 

human presence and activity . The maj ority of  vegetation clearing has 

already b een accomplished ; d irect hab itat loss from additional clearing 

should b e  minimal . However , ind irect hab itat loss resulting from elk 
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avoidance of areas of human intrusion could be more signi ficant . Avoid

ance by elk of areas of human activity is  well documented in the l itera

ture ( Sundstrom and Norb erg 19 7 2 ;  Luge and Hickey 19 7 7 ;  Penge11ey 1972 ; 

Schul tz and Bailey 19 7 8 ;  Fo res t ,  Wildlife ,  and Range Experiment Stat ion 

19 7 6 ) . Elk reaction to human dis turbance depends upon a number of factors : 

the season , the amount o f  vegetational cover , the predictab ility and the 

s everity of dis turbance , and whether the elk are from a regularly hunted 

population . Generally , elk display some avoidance o f  roads ; the extent 

of the avoidance depends upon the frequency of traffic and the amount of  

s creening afforded by fores t  cover adj acent to  the roads (Forest , Wildlife , 

and Range Experiment Station 1 9 7 6 ) . 

Recent s tudies have documented that elk utilize almost  all of Redondo 

Canyon dur ing the summer months and that , in mos t  years , s ignificant 

numbers o f  elk overwinter on the lower south- facing slopes of the canyon 

(Whitford 1974  and Wh i tford 1 9 7 5 c ,  and Public Service Company of New Mexico 

1 9 7 8 ) . Figures 3 . 20 and 3 . 2 1 indicate maj or elk wintering areas in the 

vicinity o f  Redondo Canyon . Because winter hab itat is limited , loss of  

such hab itat resul ting from human presence is  of  some concern . Recent 

s tudies indicate that exploratory drill ing activities apparently have 

no t precluded elk winter use o f  Redondo Canyon ; however , full-s cale well 

field development and power plant cons truc tion will result in a sharp 

increase in human presence , noise,  and activity wi thin the canyon over 

those assoc iated with earlier explorat ion . It is probably inevitable 

that the increased l evel of human act ivity will result in elk avoid ing 

some formerly used wintering areas within the canyon . The extent to 

wh ich this will occur is not possible to predict . Even if the amount of 

winter hab itat l oss  resulting from the proposed proj ect could be quantif ied , 

it  would b e  difficult to det ermine whether the loss would significantly 

af fect the Jemez elk herd without some indication of  the amount of 

alternate habi tat available.  Currently , there is no t suf ficient knowledge 

regarding the s ize of the Jemez elk population and the quantity and 

quality o f  o ther winter habitat in the Baca vicinity to make such a 

determinat ion . The s ignif icance o f  the elk and elk winter hab itat in 

Indian rel igious cus toms is no t known at this time . It  is pos s ible that 

the proj ected loss of elk winter hab itat could affect Indian religious 
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practices . A further d is cus s ion of impacts on Indian religious prac tices 

is presented in Sect . 4 . 1 . 7 . 2 .  

Mi t igation of  effects of  elk may b es t  b e  achieved by avoidance of 

areas with in Redondo Canyon that have been identified as heavy elk 

winter use areas . Maintenance o f  sufficient fores t cover for screening 

of roads and drill pads will also reduce dis turbance to elk. Close 

coordination with the New Mexico Department of Game and Fish and Fores t 

Service b ig-game b iolo gis ts familiar with the Jeme z elk herd will be 

used to minimize  e f fects on th is species . 

4 . 1 . 4 . 2  Impacts on aquatic b iota 

New Mexico Department of  F ish and Game and University of  New Mexico 

personnel were contacted independently . Each expressed the opinion that 

possib le sed imentation of streambeds was the main concern re garding impacts 

on aquatic b iota from the proposed pro j ect . Suspended sediment in 

Redondo Creek and downs tream aquatic systems sho uld have little impact 

on aquatic b iota . b ecause the tolerance of  f ishes and other aquatic 

organisms to sediment in suspens ion is quite high ( Iwamoto et al . 19 78 ) . 

and the suspended load in these s treams decreases rapidly af ter runo ff 

ends (U. S .  Forest Service 19 7 7 ) . However . potential impacts on aquatic 

b iota from the depos i tion of  sed iment on s tream bottoms are much greater . 

The effects of  s edimentation on s tream-dwelling or ganisms have been 

comprehensively reviewed by Iwamoto et a l .  ( 19 7 8 ) . Sedimentation of 

Redondo Creek and downs tream systems would probably reduce both the 

diversity and dens i ty o f  aquatic ins ects and the quant ity of ins ect 

drift produced in thes e s treams . Insect drift may b e  an important food 

source for downs tream trout population . Reduct ions in production and 

downs tream drift of aquatic ins ects from Redondo Creek could ind irectly 

adversely affect both b rown trout and s tocked rainbow trout inhab iting 

San Antonio Creek and the Jemez River by reduct ion of  their food resources . 

Reduced macro inver teb rate drift from Redondo Creek could also diminish 

the recolonization potential of the macroinvertebrate community in 

downstream sys tems (M�ller 1 9 7 4) . I f  s edimentation of s treamb eds in San 

Antonio Creek and the Jemez River were to result from sediment transport 
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from Redondo Cr eek , self-sus taining populations of b rown trout and o ther 

f ishes that spawn in the gravel s tream b ottoms would be advers ely af fected . 

Decreased survival o f  b o th eggs and fry would result . Declines in 

downstream populations o f  brown trout from direct or indirect effects o f  

s tream s edimentation would diminish the quality o f  San Antonio Creek and 

the Jemez River as sport f isheries ( Sect . 3 . 1 . 3 . 1 . 2) . 

During previous well- field development , the applicant has withdrawn 

water f rom Redondo Creek for drilling purposes . Dur ing future well-field 

development , water will be withdrawn from Redondo Creek only when such 

a withdrawal will not subs tantially reduce the flow in Redondo Creek, 

thus ensur ing protection o f  aquatic b io t a .  

4 . 1 . 4 . 3  Impacts on rare and endangered species 

Section 3 . 1 . 5 . 3  details the three species of rare plant s that could 

occur in Redondo Canyon . Vio la pedatifida and Lilium phi lade lphioum 

occur in mois t s ituat ions , especially in riparian areas ; Comus oanandensis 

occurs on north-facing spruce-fir fores ted slopes ( Issacs 1 9 7 9 c) . 

Future vegetat ion clearing , especially in areas of  the canyon where the 

species are mos t  l ikely to occur , could destroy small populations of the 

plants . PNM and Union have consulted with the New Mexico Heritage 

Program and have prepared a mitigat ion plan indicat ing that the well 

f ield and transmiss ion l ine right-of-way will b e  surveyed to determine 

the location o f  any rare plants . Thes e areas will  b e  avoided during 

future c learing and construction act ivit ies ( Sabo 19 79 ) . The State 

Heritage Program D irector has agreed with this arrangement ( Issacs 

1979a  and b ) . 

O f  the rare and endangered animal species listed in Sec t .  3 . 1 . 5 . 3  

whos e  range inc ludes the Baca study region , only one , the Jemez Mountains 

s alamander , is known to occur within Redondo Canyon . Biological s tudies 

of Redondo Canyon have demons trated a number of localities with dense 

salamander populat ions . Hab itat for this species is apparently abundant 

but patchily distributed throughout the canyon . Dis turbance o f  some sala

mander hab itat during cons truc t ion o f  the plant roads , pipelines , and well 

pads is inevitable . Recent s tudies dealing with the species have indicated 
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that the salamander is fairly abundant within the proper hab itat and that 

the hab itat is more widely dis tributed within the spec ies ' range than was 

originally thought (Wh itford Ecological Consultant s 1 9 7 5 a ,  Pub lic Service 

Company of New Mexico 19 7 8 ,  Williams 1972  and 1 9 7 6 ) . Therefore disturbance 

of small amounts of the hab itat should not s igni ficantly threaten the 

species ' survival . However , the fact remains that the species ' range is 

extremely l imited , and the S tate accords the species p rotection because of 

its o f f icial endangered s tatus . Dis turbance of  large areas of salamander 

hab itat could be a ser ious impact .  

Becaus e the species i s  apparent ly l imited by the oc currence o f  

proper hab itat , the only way t o  effect ively mitigate effects o n  th e 

species is  to avoid the hab itat .  Inasmuch as salamander hab itat is 

patchily d is tr ibuted within Redondo Canyon , it should be possible in 

mo st cases to avoid large areas of prime hab itat during future placement 

of roads , p ipelines , and drill pads . In the pas t ,  Union Oil has contracted 

b iologists familiar with the species ' hab its to conduct surveys of proposed 

roads and drill pads for the salamander . Areas of hab itat thus identified 

were avoided where possible.  This type of  mit igat ion will continue during 

cons truction and operation o f  the proposed proj ect . The New Mexico State 

Game and Fish Department has agreed with the mit igat ion plan (Pilz 1979 , 

Olson 1 9 7 9 ) . 

4 . 1 . 5  Socioeconomic and cultural impacts 

4 . 1 . 5 . 1  Regional his toric and archaeo logical s ites 

Th e p roj ect will not d irectly affect the Jemez State Monument . How

ever , hot springs in the Jemez Springs area and the Indian Spring on the 

Jemez Pueb lo will b e  affec ted by flow deplet ion as a result of geothermal 

reservoir production ( s ee Sects . 3 . 1 . 3 . 2 . 1 , 3 . 1 . 3 . 2 . 2 , 4 . 2 . 2 . 2 . , 4 . 5 . 1 . 2 ,  

4 . 5 . 2 . 2 ) .  Becaus e of  lack o f  specific knowledge ab out current use of  

these springs and b ecause o f  uncertainty about the cons equences of  flow 

deplet ion on their us e ,  we are unable to assess the impact of  flow 

depletion at this t ime result ing from geothermal res ervo ir production 

on thes e springs . 
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A copy of the report An Inves tigation Into High A ltitude Adap tations 

The Baaa Geo therma l Projeat has b een reviewed by the New Mexico State 

Historic Pres ervation Of fices ( Broi11a et  a1 . 1978 , Carroll 19 78 ) . In 

accordance with his recommendations , a request for determination o f  

eligib il ity for  inclus ion i n  the Nat ional Register o f  His toric Places 

was made for the Baca Geo thermal Lease Archaeological Dis trict . On 

August 6 ,  1 9 7 9 , the archaeological s ites were determined to be eligible 

for inclus ion in the National Register (U . S . Heritage Conservation and 

Recreation Service 1 9 7 9 ) . The proposed PNM generat ing station , along 

with the access road , has no fores eeab le effect on the eligible 

archaeological s ites . Some possib le conflicts with the original ly 

planned Union Geothermal act ivities and specif ic archaeolo gical sites 

have b een ident i fied . A s pecific plan for mitigat ion with preservat ion 

of the archaeological resources as a prime obj ective has b een prepared 

in cooperation with the New Mexico State Historic Preservation Offices 

( Carroll 19 78) . 

The S tate o f  New Mexico has determined that the proposed proj ect will 

have no adverse effect on the eligible archaeological sites , provided that 

the mit igation p�ogram proposed by the O f f ice of Contrac t Archaeology , 

University o f  New Mexico t o  Un ion Geothermal Company (June 19 7 9 )  is 

carried out (U . S .  Department o f  Energy 19 7 9 , New Mexico State His toric 

Pres ervation Of fice 1 9 79 ) . In accord with " 36 CFR Part 800" (Advisory 

Council on Historic Pres ervation regulat ions ) ,  DOE has made a determinat ion 

of "no adverse effect" on the archaeolo gical s ites (U . S .  Department of  

Energy 1 979 a) . This det ermina tion has received the concurrence of the 

Advisory Council on Hi stori� Pres ervation (Advisory Counc il on Historic 

Pres ervation 1 9 7 9 ) . The no t ice of  eligib ility was published in the 

Federa l Register on Sept . 4 ,  19 79 . 

Appendix E includes copies o f  documents concerning el igib il ity o f  the 

29 s ites and 1 locali ty for inclusion in the National Register o f  

Histor ic Places , along with documents related t o  the de termination o f  

"no adverse effect" o n  the archaeological s i tes providing that the 

mitigation program is carried out . 
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4 . 1 . 5 . 2  Cultural impacts 

Contact with representat ives o f  area Indian groups has been made by 

b o th the commercial partners and DOE . Concerns expressed in initial meetings 

include it ems such as water rights , water pollution , possible reduced 

flow of hot springs , r educed surface water runoff , air pollution (principally 

concern over odors ) , mul tiple use of the geothermal resources , earthquakes 

and s ub s idenc e ,  and possible infringement on religion b ecause of changed 

access to important religious areas or to impacts on areas of religious 

importanc e .  

I n  addition t o  d irect contact with representat ives of  Indian groups , 

a meet ing was held at the request o f  the All Indian Peublo Counc il on 

August 1 6 ,  1 9 7 9 . Indian groups were also represented at the DOE pub l ic 

hearing on the DES on August 30 , 1 9 7 9 . Among the issues of  concern , wat er 

is sues and impacts on religious s ites were deemed of maj or importance 

(Department of  Energy - Al l Indian Pueb lo Council Meet ing , Augus t 16 , 

1979 ; Department of  Energy Public Hearing , Augus t 30 , 19 79 ) . 

"Numerous r el igious s ites are located within the proj ect s ite • • • • 

The Pueb lo o f  Zia and other Indian tribes have for centuries , even before 

the f irst  Europeans arrived , maintained that the area had religious 

s ignif icance . These s ites are presently active and need the protection 

o f  the Federal government " (Pueb lo of Z ia , September 6,  1 9 79 ) . 

The issue of  Indian religious freedom is discuss ed mo re thoroughly 

in Sec t .  4 . 1 . 7 .  

4 . 1 . 5 . 3 Communi ty impacts 

Detailed analysis of  possible community impac ts has b een conducted 

for PNM by Mountain West Research (197 9 ) . Two scenarios were developed 

that represent the range of possible community impacts , given uncertain

t ies in specific locational pat terns o f  moving const ruct ion workers and 

pos s ib le advance p lanning activit ies b y  the area communi ties , PNM , or 

Union.  As s tated previously (Sect . 3 . 1 . 7 . 3 ) , Indian users of facili t ies 

located off  the reservat ions were no t cons idered separately . Rather , 

they were included in the to tal group of users . Impacts on the to tal 

group of users of a fac ili ty will similarly affect Indian users . 



4-15 

Facilities on Pueb los were no t cons idered becaus e they are normally no t 

open to us e by non-Indians . The following is a summary of the two 

scenarios : 

" S cenario 1 - No Additional Facilities . This s cenario assumes 
that no new facilities for mob ile homes , trailers 0 �ther 
recreational vehicles are provided for weekly commuters or for 
non-local workers who wish to relocate to the Jemez Valley wh ile 
they are working on the proj ect . Under this scenar io , in-migrating 
workers use accommodations wherever they can be found . The numb er 
of persons relocating to the Jemez Valley area is minimized under 
this s cenario b ecause o f  the shortage of facil it ies . 

Scenario 2 - New Recreational Vehicle (RV) /Trailer Park Provided 
in the Jemez Valley . Scenario 2 assumes that a new RV/trailer 
park is establ ished in the Jemez Valley . The number of persons 
relocat ing to the Jemez Valley area under this assumption is maxi
mized b ecause accommodations are assumed to b e  readily available . 

The intent o f  s cenario 2 is not to sugges t that new facil it ies will 

be provided or even that they are likely to be provided . Its purpose is 

to s erve as a point of comparison so that the implicat ions of a maximum 

numb er o f  in-migrant s can b e  s tudied . "  (Mountain West Research , Inc . 

19 79 ) . 

Wi thin the local impact area, only two communit ies repres ent feas ib le 

lo cations for the accommodation o f  in-moving workers : Los Alamos and 

Jemez Springs . Other communities in the area were fel t  to be much less 

l ikely to attrac t workers for a variety of  reasons , including dis tance 

to the s ite and lack of adequate water suppl ies . Addit ionally , possible 

use of Forest Servic e land for the development of a temporary hous ing 

facility , with permanent use as a campground after the completion of 

cons truction , has been discus sed , although no firm plans exist for this 

type of development . 

Under s cenario 1 ,  detailed s tudy predict ed that a minimum o f  31 people 

(20 workers and 11 dependents )  would move to the local area and seek sites 

for campers , trailers , and recreat ional vehicles wherever they could be 

found.  Ab out 50% would be dispersed and about 50% would eventually reside 

in Jemez Springs . 

Scenario 2 resul ts predic ted that a maximum o f  60 people (40 workers 

and 20 dependents ) would move to the new park for recreational vehicles 

and trailers near the s i te . 
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Under either scenario , pub l ic services and facilities would no t b e  

taxed b y  the new populat ion . The only fo res eeable increases i n  pub l ic 

service might b e  in additional police services to handle increased 

traffic and after-hours act ivity . Also , some s taff may b e  added to the 

volunteer f ire depar tment or to the central administ rat ion at the mayor ' s  

o f fice , b ut thes e addit ions would be small , if needed at all . 

4 . 1 . 5 . 4  Economics 

To tal payroll for the two-year cons truction period is expected to 

b e  $ 4 . 2  million . Only about 10% of  the $ 15 . 1  mill ion for building 

materials will be purchased in New Mexico , princ ipally for s t ructural 

materials and transportation of materials (Mountain Wes t Res earch , Inc . 

19 79 ) . 

4 . 1 . 5 . 5  Labor 

Tab le 4 . 1 l is ts the work- force schedule for the geothermal plant and 

transmiss ion l ine construction .  The 1981 peak of ab out 250 workers (s econd 

quar ter 1981)  is for � short t ime only , with an average of 210 workers 

needed during the summer and about 80 workers during the winter . Ab out 

55 people will operate and maintain the plant and well field . 

Because o f  the good availab ility o f  cons truction labor (see Sect . 

3 . 1 . 7 . 5 )  within commuting dis tance o f  the plant , no diff icul ty is ant ici

pated in gett ing either the cons truct ion or op erat ion work forces . Ab out 

half o f  the 5 5  permanent operating j ob s  are expected to b e  f illed by 

exis ting Jemez Valley res idents , with the o ther hal f coming from the 

larger Bernal illo , San Ysidro , and Los Alamos areas (Mountain West 

Re search , Inc .  1 9 79 ) . 

4 . 1 . 5 . 6  Transportation 

Cons truction of the proj ect will result in an average of approximately 

80 addit ional trips daily on the roads leading to  the site . Addit ionally , 

heavy materials and equipment will b e  transported to the s ite by truck , 

principally f rom Albuquerque on NM-4 4  and NM-4 .  NM-4 has an average daily 
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Table 4.1 . Baca geothermal demonstration plant employment schedule 

Quarterly req u i rements 

1 98 2  and o C No.a Craft e m ployment category 1 980 1 98 1  Future 

2 3 4 2 3 4 

80 1 ·805 , I ron worke rs (PN M )  2 1 2  7 1 8  6 4 
809 

8 1 0  Welders and welders' helpers ( U n i o n )  7 7 7 

828·829 E l ectr icians ( P N M )  1 1 1 7  30 22 7 

859 Operati ng engineers ( P N M )  2 2 2 4 5 4 2 

859 Operat i n g  engineers (U n i o n )  4 4 

860 Carpenters ( P N M )  8 1 5  1 6  40 1 5  9 3 3 

862 Pipe fitters ( PN M )  1 4  32 26 8 8 

Pipe fitters ( U nion)  4 4 

900·909 Teamsters ( U n i o n )  5 5 5 5 5 8 8 5 5 3 

930 D r i l l  crewman ( U n i o n )  20 20 20 20 20 20 20 20 20 20 

930 Derrick men and rough necks ( U n i o n )  5 5 5 5 5 5 5 5 5 5 

930 Laborers ( P N M )  2 6 1 7  9 1 7  6 4 2 2 

Laborers ( U n i o n )  6 6 

Other crafts ( P N M )  3 3 1 6  24 1 6  4 6 

Other crafts ( Union)  

Total craft 30 35 52 79 69 1 8 1  1 7 3 1 1 5  57 55 

Su pervisory ( U n io n  Geoth ermal  offices 

located at R i o  R a ncho)  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  

Transmission·l ine contractorb 

O perat i n g  engi neers 5 5 
Linemen 5 5 

Laborers 25 25 

F oremen 5 5 

Total Baca e m pl oyment 42 64 8 1  225 69 67 

47 9 1  233 1 27 

a D e partment of Labor occu pat ion category nu mb e r .  

b Pre l i m i na ry estimates. 

Sources : Bechtel Power Corporation memora n d u m  to P N M ,  29 September 1 9 78 ; personal commu nication with 

J .  R o b i nson,  U n io n  Geoth ermal  Company, October, 1 978 ; personal commu nication with R .  Jackson, P N M ,  

December 1 978. 

F ro m : "Proposed Baca Geoth ermal De monstration Project - Socioeconomic Anal ysis," prepared for the P u bl i c  

Serv i ce Company of N e w  Mex ico by Mou nta i n  West Resea rch, I nc.  ( i n preparat i o n ) .  

traf fic (ADT) count of 894 vehicles no rth of Jemez Springs and an ADT of 

699 vehicles at La Cueva . Maximum capacity of NM-4 is approximately 

1100 vehicles per hour at Jemez Springs and 1500 vehicles per hour at 

La Cueva . Clearly , NM-4 has adequate excess capac ity to accommodate the 

cons truction traffic without serious traffic congestion ; however ,  s inc e 

NM-44  and NM-4 already have unfavorab le or unsafe ratings (see Sec t .  

3 . 1 . 7 . 6 ) , the current safety deficienc ies of  the roads could be exacerbated 

by the increased traffic . 
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Because NM-4 passes through Jemez Pueblo and NM-44 pass es through 

Zia and Santa Ana Reservat ions , increases in traffic volumes on thes e 

routes and the resulting increase in noise and activity may also adversely 

affect memb ers of thes e pueb los by creating an annoyance for some 

individuals .  Also , accidents involving semit rucks have resulted in the 

death of approximately 2% of the population of Zia Pueb lo (P ueb lo of Zia , 

Sep tember 6 ,  19 79 ) . The proj ected increase in traffic vo lumes may result 

in an increase in the number of accidents . 

Since port ions o f  the l"Oute are current ly insuf ficient to reliably 

carry heavy loads , some special route planning may be necessary for 

heavy material or heavy equipment transportation . This planning could 

appropriately take place in conj unction with present Department of  

Transpor tat ion permit requirements for oversized vehicles or loads 

(Mountain West Research , Inc . 1 9 7 9 ) . 

Increased inconvenience and delays to traffic on Highway 4 can be 

expected as a result o f  the large , s low truck-traffic to  the s ite during 

cons truction , especially s ince the road conditions would resul t in s low 

speeds for large trucks and in f ew safe places for pas s ing . 

4 . 1 . 6  Noise impacts 

Noise product ion during exploration falls into three phases : s ite 

prep aration , well drilling , and well tes ting.  Site preparation may take 

up to a week per s ite and will involve grading and surfacing or drilling 

pads ; no road grading operat ions are ant ic ipated , s ince exis t ing roads 

will be used for acces s .  No ise levels during s ite preparation will prob

ab ly reach 85  to 9 5  dBA at 15 m (50  f t )  from the source and will b e  

a ttenuated t o  b e  about 50  to 60 dBA at 800 m ( 1 / 2  mile) . 

All drilling machinery equipment is equipped with muf flers . No ise 

levels dur ing d rilling are typically about 85 to 90 dBA at 15  m (50  ft )  

and 50  to 5 5  dBA at 8 0 0  m ( 1 / 2  mil e) . Figure 4 . 1  shows typical no ise 

levels for geothermal drilling and tes ting . The loudest operations - air 

dr�11ing and s team tes ting - will no t occur at Bac a .  Measurements taken 

by Union in the Imperial Valley recorded 70 to 90 dBA 45 m ( 150 f t )  from 

the source arid 46 to 51 dBA 800 m ( 1 / 2  mile) away . In the case of 
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Fig . 4 . 1 . Noise levels from geo thermal operat ions . Source : 
Hod if ied after VTN Consolidated , Inc . , Environmental Analysis Recol�d� 
Proposed GeotheY'l7lal Sxp loration� South Brawley Prospee-,�� CaUfornia� 

A 

CUl Venture , Irvine , Calif . ,  19 7 7 ;  including data obta ined from Dwight 
Carey (Republic Geo thermal , Inc . )  and Philip Lei tner (St . Mary ' s  College , 
Calif . - consultant , Lawrence Livermore Laboratory) . 
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multiple drilling operations , noise levels would be greater , although 

sound levels are no t s imply additive . The to tal noise level o f  two 

sounds o f  equal int ens ity is 3 dB higher than that o f  either individual 

sound . Ad dition of unequal sound levels involves an increment of less 

than 3 dB (according to  a s cale of values ) above the level of the louder 

sound . The worst case for two wells b eing drilled s imultaneous ly would 

thus b e  ab out 88 to 9 3  dBA at 15 m (50 ft)  from b o th wells and about 

53 to 58 dBA at 800 m ( 1 / 2  mile) . 

At the geothermal f ield in Eas t Mesa , Cali fornia , venting of  geo

thermal fluids typ ically produces no ise levels of ab out 85 dBA at 15 m 

(50  ft) , which will attenuate to about 50 dBA at 800 m ( 1 / 2  mile) . Union 

has recorded l evels o f  81 dBA at 15 m (50 ft)  from the well but only 37 to 

40 dBA 53 m (175  f t) away when the well vented into a submerged discharge 

s tructure such as that propo sed for this proj ect . 

It  is l ikely that s tandard cons truction equipment such as diesel 

trucks and earth movers used in the proj ect area will produce levels up to 

90 and 95 dBA at 15 m (50  ft)  and 84 and 89 dBA at 30 m (100 ft) . 

Redondo Peak , ident ified as b eing s ens itive to noise becaus e of  its 

religious s ignif icance ,  is approximately 2500 m (8300 ft) from the plant 

s ite and 1300 m (4 500 ft)  from the neares t geo thermal well . Tab le 4 . 2  

shows the calculated noise levels that would result from s imp le at tenua

tion with dis tance between Redondo Peak and the plant and well field . 

Thes e levels are representat ive ,o f  the actual levels expected , although 

exact no ise l evels are difficult to predict becaus e of terrain , vegata

tion , and atmospheric variations . 

Act ivit ies �elating t o  wells cons tructed , drilled , and tested 

nearest to Redondo Peak would no t occur continuous ly . Thus , the noise 

levels ranging from 51 to  60 dBA would occur only infrequently and las t 

for a period o f  approximately 3 months for each well . A more or les s 

continual nois e level ranging from 4 6  to 55 dBA would be expected at 

Redondo Peak as a result of development of the remainder of the well 

field and plant cons truction . 

Plant operation would r esult in a cont inuous no ise level of  41  dBA 

on the peak , whereas an abnormal releas e o f  s team during operation would 

result in a short duration noise level of up to 47 dBA . 



Table 4.2. Estimated noise levels at Redondo Pea� 
_.- � - - - -- -

Noise sou rce 
Max i m u m  ex pected level Reference distance D istance to peak 

(dBA) [ft. ( m ) ]  [ ft ( m ) ]  

Construction 95 50 ( 1 5) 4 , 500 ( 1 ,300) 
8,300 ( 2,500) 

Wel l  test i ng 90 1 50 4, 500 
8,300 

Well d r i l l i ng 90 50 4 , 500 
8,300 

Plant operat ion 65 500 8,300 

Plant accident 90 50 8,300 

N oi se level on peak 
(dBA) 

56 
51 

60 
55 

51 
46 

4 1  

46 

- ... _--

a B ased on attenu ation with d istance. Absorpti on, vegetation, or i nterven i ng masses wi l l  reduce level s ;  refl ection 
and refraction from the canyon a nd atmospheric i nversion wi l l  i ncrease the l evels. 

+0-I 
N 
f-' 
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The neares t permanent res idence is approximately 3 km ( 1 . 8  miles ) from 

the proj ect area . Normal no is e attenuation would reduce the loudes t  

no ises ( 9 5  dBA from accelerating diesel trucks ) to approximately 55 dBA 

at that dis tanc e .  Heavy equipment traveling near a residence would have 

greater impact ,  but i t  would not b e  continuous . Other proj ect con

struc tion and well f ield development activities would produce significantly 

lower nois e levels ; however , the low frequencies of the sound would be 

of  a different character and would likely b e  aud ible over ambient no is es 

at some residences near the highway or in the campsites even though the 

levels are acceptably low . Workers may b e  exposed to no ise levels that 

cons titute a h ealth hazard . However , exposures will be controlled and 

workers safety and h ealth pro tected by implementing the appropriate OSHA 

regulation ( s ) . 

Noise from cons truction-related traffic will b e  no ticed in com

muni ties through which NM-4 or NM-44 pas s . However , b ecause the incre

mental automob ile traffic of 80 trips per day is but a small percentage 

of the 700 to 9 00 vehicles on these roads daily and because light vehicles 

produce a no ise level of about 5 5  dBA at 15 m (50 f t ) , attenuating to 

less than 40 dBA within 60 m ( 200 ft) , no s ignif icant impact is expected . 

Heavy equipment and vehicles us ing these highways will produce some 

impact , however , c reating nois e levels of  about 9 5  dBA at 15 m (50 f t) . 

It is no t known how this type of . vehicular noise compares to existing 

vehicl e no ise patterns , but it is quite likely that there will be a 

subs tantial increase in heavy equipment noise in the communities along 

NM-4 and NM- 44 . All noise increas es resulting from vehicles associated 

with the proj ect are expected to occur during dayt ime hours . 

4 . 1 . 7  Impacts on Indian religious values 

In accordance with the American Indian Religious Freedom Act (P . L .  

9 5- 341) , the consultation process with representatives o f  Indian groups 

has b een initiated to determine whether trib al rights may be advers ely 

affected by the proj ect (Wilbur 19 7 9 ) . Furthermore , at the reques t o f  

the All Indian Pueblo Council , a formal meeting was held o n  Augus t 16 , 

1979 , to enable the member tribes to express their concerns about the 
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proje c t .  Indian groups als o gave tes t imony at th e pub l i c  hearing on 

the DEI S .  

A t  thes e me et ings the Indi ans cons is tent ly ci ted infri ngement of 

re l i gi ous freedom by the proj ect as a ma tter of grave conce rn to them. 

The inf ringement , as exp ressed by va riou s  Indian spokesme n, wou ld take 

the form o f :  

1 .  de s truct ion o f  re l i g i ous s i tes ; 

2 .  de s truct i on of sacred areas , plant s ,  anima ls , bi rds , trees , etc. ; 

3 .  inva s i on of privacy ; 

4 .  interference from t ransmi s s ion lines ; 

5 .  cont ami nat ion and/or los s of water for sacred p ract ices ; 

6 .  dep le t i on of sacred springs ; and 

7 .  interference with access  to re ligi ous s i tes . 

The rep res ent at ive s of Indian re ligi ous leade rs have had the opportuni ty 

to comment on the fol lowing ana ly s i s  of imp act ( s ee Appendix J ) . 

4 . 1 . 7 . 1 De st ruc tion of  rel igious s i tes 

The Pueblo Indi ans have taken the pos it ion that he whole Jeme z 

Mountains , inc luding Baca Locat ion,  are sacred and thereby cons titute a 

re l i g i ous s ite .  Th is  pos it ion i s  cons is tent with the i r  system of  be liefs  

and pract ices ( Sect.  3 . 1 0 . 4 ) . They have been unw i l l i ng t o  ident ify the 

locat i on of spec i fic  re l i g i ou s  s i tes either within Baca Locat ion or the 

area impacted by the proposed powe r plant . Th is unw i l l i ngne s s  re flects 

the i r  conce rn for ma i ntai ning the privacy and integr ity of the s i tes . 

The s o le excep t i on is  the summi t of Redondo Peak , wh ich is genera l ly 

acknowledge d t o  be a sacred spot (DOE Pub l i c  Hearing , Augu st  30 , 1 9 7 9 ) . 

Re l i ab le non- Indi an s ources have ident if ied two other sacred s pot s with in 

Baca Locat ion. Both are we l l  ou ts ide the project area bu t within vi ew of 

an a lt ernate transmi s s ion corridor.  ( In accordance with the concerns of 

the Pueb los for privacy , the exact locat ions of these sacred s ites wi l l  

not be revealed. ) 

The Z i a,  Coch it i ,  and S ant a C lara Pueb los have s tated that there are 

sacred s ites on the propos ed p roject area ( DOE Pub l i c  Hearing ,  Augu st  3 0 , 

1 9 7 9 ; Hecker letter to  Rogowsky , Appendix J ) . Howeve r,  the Pueb los 

de c l i ne to  i dent i fy the exact nature and locat ion of thos e s ites . An 
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archaeological survey o f  the 746 acres devoted to the proj ect area failed 

to reveal any indications o f  act ive or abandoned religious shrines 

(Harlan 19 79 ) . The religious sites referred to by the Pueb los may well 

be collect ion grounds for sacred obj ects (p lants , animals , and so forth ) . 

They may be temporary shrines built during pilgrimages to Redondo Peak . 

Or they may be natural obj ects conside red  as shrines by the Pueb los . 

Six years o f  private drilling act ivity within Redondo Canyon lead

ing up to the proposed proj ect , as well as prior lumbering operations , 

have altered the physical character o f  the valley . The plant site and 

many o f  the well pads have been cleared and graded . As a result , some 

or all o f  the possible religious s ites located within the proj ect area 

may have already been af fected . The continued religious significance 

of such s ites is unknown . 

The extent o f  adverse impacts on speci fic religious sites cannot b e  

fully assessed because o f  lack of  information . However , b ecause the Pueblos 

re gard the Jemez Mountains as a religious s it e ,  they consider the very 

presence o f  the proj ect to be a s igni ficant infringement (Appendix J ) . 

4 . 1 . 7 . 2 Destruction o f  sacred obj ects 

In order to perform the rituals o f  the Pueb lo religion , various sacred 

obj ects or materials are required . As in the case of religious sites , the 

Indians have been reluctant to provide specific in formation ab out these 

obj ects or materials . 

used (Sect . 3 . 1 . 10 . 4 ) . 

Certain plant s ,  animals , and inanimate obj ects are 

The collection areas fo r thes e sacred items may b e  

of  religious importance because the obj ects must b e  collected in a special 

setting in order to be effective and do not neces sarily have an equivalent 

value for purposes of the reli gious ritual i f  collected at another site 

(Hecker letter to  Rogowsky , Appendix J) . On the other hand , Sando (19 7 9 )  

indicates that in order not to destroy the natural appearance of  a col lec

tion area for a particular sacred obj ect , a numb er of collect ion areas may 

be used . DOE has no informat ion on whether the proj ect area has b een used 

to collect sacred obj ects . Any potent ial sacred obj ects within the proj ec t 

area may not be suitable for religious purposes b ecause the natural 

setting of the area has b een altered by private drilling activity . 
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4 . 1 . 7 . 3 Invas ion of  privacy 

A great deal o f  secrecy is associated with the Pueb lo religion . 

This s ecrecy evolved partly in respons e to religious harassment and 

pers ecution s ince the t ime of Spanish conques t (Tenorio 1 9 7 9 ) . As a 

rul e ,  non-Indians are forbidden from viewing mos t Pueb lo religious 

ceremonies , especially those taking place in the Jemez Mountains . 

Apparently c ertain ceremonies are even forb idden to some trib al memb ers . 

The Pueblos b el ieve the increased presence o f  non-Ind ians b rought 

ab out by the p roj ect will eventually cause viola tion o f  their ceremonial s 

and desecration o f  their sacred s ites . Such an invas ion of  privacy 

would probab ly occur i f  s ecret religious ceremonies are conducted wi thin 

the proj ect area . The Santa Clara Pueb lo is known to observe religious 

ceremonies wi thin the proj ect area (Hecker letter to Rogowsky , Appendix J) . 

(As in the cases of religious s i tes and sacred obj ects , the Ind ians are 

reluctant to reveal details about their ceremonies . )  After more than 

six years of  private drilling activity in Redondo and Sulfur Creek canyons , 

DOE is no t aware of  any violat ion of religious ceremonies by non-Indians . 

Redondo Peak is a known sacred s i te . Since the summi t o f  this 

mountain is outs ide the proj ect area , no proj ect personnel would have 

reason to visi t there . Accidental or unauthorized visits to the shrine 

by proj ect personnel cannot be precluded . However , the strategic location 

o f  the proj ect at the bas e o f  the mountain may help to discourage t res

pas s ers and curiosity-seekers from trying to reach the summit . 

Sensory factors that could cons titute an invasion of  privacy i f  

violated are s ight , sound , and smell . Impacts on the aes thetic values of  

Redondo Canyon and its surroundings have b een addressed elsewhere 

( Sect . 4 . 1 . 1 ) . Those values are important to the Pueblos because they 

reflect the harmonious b eauty of Mo ther Earth . The Pueb los consider the 

deplet ion o f  aesthetic values to be an infringemen t of their right to 

prac tice religion . 

Redondo Peak and i ts environs are l ikely to b e  affected aes thetically . 

A visual survey from the summit has not been made , but some proj ect 

facilities on the northwes t face of Redondo Canyon would probab ly be 

visible . Under certain meteorological conditions the cooling tower 
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plume would also be vi sib le . The noise reaching Redondo Peak from the 

nearest proj ect facilities is computed to be 50 to 60 dBA during drilling 

and cons truction and 40 to 50 dBA during operation . The former no ise 

level should b e  audib le ,  whereas the latter may not be discernib le from 

amb ient (see Sects . 4 . 1 . 6  and 4 . 2 . 6 ) . Upper air turbulence should 

ef fect ively disperse any pollutant s carried to the top of Redondo Peak . 

Under normal operating condit ions , hydro gen sulfide is no t likely to be 

present in suf ficient quant ities to create an odor prob lem .  However , it 

is possib le under certain operating and meteorological conditions that 

concentrations at the summit could reach an odor threshold . Any proj ect

related no ises or odors reaching the shrine would disrupt Indian religious 

ceremonies (Hecker letter to Ro gowsky , Appendix J) . 

4 . 1 . 7 . 4 Interference from transmission lines 

The Indians ' concerns about transmission lines are the same as 

those regarding the power plant . The primary ones are : (1) destruct ion 

of religious sites and sac�ed obj ects and (2)  invas ion of privacy . The 

two alternat ive transmiss ion routes will avoid crossing all known 

religious sites . 

The Pueb los ' view that the ent ire Baca Locat ion is sacred certainly 

implies there will be an impact on religious practices from the trans

mission lines . Although the total amount of  land taken up by the trans

mis sion route would be small , the vis ib le int rust ion from manmade 

structures cross ing the Baca would affect reli gious sites (Hecker let ter 

to Rogowsky , Appendix J) . 

4 . 1 . 7 . 5  Contamination and /or loss o f  water 

The expected changes in wat er quality and quantity due to the proj ect 

should have minor environmental consequences (Sect . 4 . 2 . 2 ) . Flow deple

tion in the Jemez River will be compensated by the withdrawal of  

irrigated lands . Possible contaminat ion of  sur face waters from acci

dental spills o f  geothermal fluids of  toxic mat erial should be of  

short durat ion (Sect . 4 . 3 . 3 ) . 

Details o f  the many and varied uses o f  water in Pueblo religious 

prac tices are unknown . The Pueb los obj ect to any change af fecting 
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their water supply . This posit ion is  cons istent with the importance 

o f  water to the Pueblo culture and religion (Sect . 3 . 1 . 10 ) . 

4 . 1 . 7 . 6 Deplet ion of sacred springs 

All springs of the Jemez Mountains are considered sacred (Hecker 

letter to Rogowsky , Appendix J ) . I f  any springs are supp lied at least 

in part by geo thermal waters , there is a possibility their f lows would be 

affected . The depletion is expected to be small , however (Sect . 4 . 2 . 2) . 

All known maj or springs should f low for the lifetime of  the proj ect , 

barring some unforeseen natural impact such as drought . In general , 

minor springs derive their waters from the shallow aquifer ; their f lows 

would depend more on abundance of  rainfall than reservoir drawdown . 

Dep l etion of  mos t  springs in the region is more likely to result from 

natural causes than power plant op erations . 

In view of the importance attached to springs as portals to  the under

wor ld ( Sect . 3 . 1 . 10 . 4 ) , even the small amount of depletion could be a 

subs tantial infringement . 

4 . 1 . 7 . 7  Interference with access to religious sites 

Since the Baca Location is under private ownership , the general issue 

of access mus t be settled between the landowner and the Pueblos . Public 

access to the immediate p roj ect area wi ll be controlled by the p roj ect 

operators . The operators have no authority to restrict access by anyone 

with a legal right to visit  the proj ect area . I f  arrangements for access 

to r eligious sites canno t be worked out , those sites located in controlled 

areas could be unavailable to the Indians . Any denial of access to the 

proj ect area for religious purposes would be considered an infringement . 
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4 . 2 . 1  Impacts on land use 
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Noise and odor from hydrogen sulf ide resulting from operation o f  the 

p roposed power plant should no t b e  detectable at the neares t res idence 

(see Sects . 4 . 2 . 3  and 4 . 2 . 6 ) . During proj ect operation , traffic will be 

much reduced from that o f  the cons truction phase and should no t affect 

surrounding land uses . Potential direct conflicts with recreational uses 

of the surrounding pub l ic lands could accrue from visual impacts of the 

cool ing tower plume and transmiss ion lines on vis itors to the area.  V isual 

impacts of the transmission lines are discussed in Sect . 4 . 4 .  

PNM has contracted a computer-generated s tudy of  the po tent ial vis i

b ility o f  the cooling tower plume from surrounding recreational us e areas 

(Paulson 19 78) . On all but three days of the year , the plume is predicted 

to b e  less  than 245 m (800 ft )  high . The vis ib i lity analysis indicates 

that a 24 5-m plume will be vis ible from NM-4 along approximately a 1 / 2-km 

section near the southwes t corner of  the Baca Lo cation . The plume will 

also be vis ib le at a d is tance of  over 16 km from the high peaks within the 

Santa Fe National Fo rest to the northeas t and at a dis tance of 6 . 5  km 

from a small portion o f  the fores t to the southwes t of the Baca Location . 

Becaus e of  the few places from which the plume will b e  vis ible , visual 

impacts resul ting from operation o f  the plant itself should be minimal . 

Indirec t conflicts of the power plant and well field with 

recreational uses have b een addressed in Sect . 4 . 1 . 1 .  Conflic ts with 

po tent ial pub lic use of the Baca Ranch , if the land is acquired by the 

government ,  are addres sed in Sect . 4 . 1 . 1 .  

Plant operation will result in withdrawal o f  a total o f  approximately 

5 . 6  ha (14 acres) o f  irrigated crop l and from irriga tion and produc tion 

over the 30-year l ife of  the plant ( Sect . 2 . 2 . 5 . 3 ) . This land will be 



• 

4-29 

located near the Jemez River in San Diego Canyon . The crop p resently 

grown on this land has no t been specified . 

4 . 2 . 2  Water quality and use 

4 . 2 . 2 . 1  Surface water 

During normal p lant operation , geothermal f luids will be d isposed 

of by reinj ection (Sec t .  1 . 2 . 4  of  proposal ) , and no wastes from plant 

operation will be d irectly discharged into surface waters . Surface 

water quali ty should therefore not be adversely affected by normal p lant 

operation. 

The predicted total reduct ion in flow of the Jemez River , caused by 

withdrawal from the geothermal reservoir by one 50-MW unit after 30 years 

of operation , could be as much as 0 . 78 liter /sec ( 0 . 03 c f s )  ( Sect . 

4 . 2 . 2 . 2 ) .  The minimum and maximum discharges for the period 1960 t o  

1 9 7 5  were 9 3  liter s / sec (3 . 3  c f s )  and 29 , 200 liter s / sec ( 1030 cfs) , 

respec t ively . The mean annual flow averaged 850 liters /sec (30  cfs ) 

and ranged from 450 to 1850 l iters /sec (16 to  65 cfs)  during 1960 t o  

1 9 7 5 . This reduction is approximately 1% of  the lowes t flow recorded 

[ 94 . 5  liters /sec (3 . 3  cfs) ] dur ing a l6-year period at Battleship Rock 

(Sec t .  3 . 1 . 3 . 1) .  This minor reduction in base f low may af fect water 

quality and use in the Jemez River . Although withdrawal or diversion of 

geothermal outflow could result in higher quality water , several 

Pueblos have expressed the concern that their uses would be impacted 

with any type of change in water quality . Use by native Americans would 

also be adversely impacted by any reduction in streamflow at tributable to 

the proj ec t .  Reduction in quantities of water available for irrigation 

may adversely af fect farming practices and the product ivity of Indian 

farms . However .  these impacts will be mit igated by the purchase of water 

rights to lands that are current ly irrigat ed in the La Cueva area . Thes e 

lands will be withdrawn from irrigation in order to make up for reductions 

in st ream f low caused by the proj ect . As stated previous ly ( Sect . 2 . 2 . 5 . 3 ) ,  

Bureau of  Indian Affairs has filed a protes t concerning several aspects of 

the water is sue with the State Engineer on behalf of  several pueblos . The 

e ffect of this protest on mitagation plans is not known . Reductions in 
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f low from mineralized springs in San Diego Canyon may diminish the 

suitability of these springs for bathing ( see Sect . 4 . 2 . 2 . 2 and 

Table 3 . 7 ) . 

Effects of accidental releases of geothermal fluids into Redondo 

Creek on surface water quality are discussed in Sect . 4 . 3 .  

4 . 2 . 2 . 2  Groundwater 

The primary impact to groundwater resulting from plant operation 

will be to the deep (geothermal) circulation system (refer to Sect . 

3 . 1 . 3 . 2 . 1 ) . The shallow groundwater system should not b e  impacted 

directly , since (1) f luids will neither be withdrawn nor inj ected into 

shallow aquifers and ( 2 )  shallow aquifers will be protected from surface 

infiltration by the use of impermeable pits (sump s )  with high freeboard 

to contain vented and /or drilling f luids . 

The operation of the Baca demons tration plant will result in a 

total mass  loss  of approximately 362 , 87 2  kg (800 , 000 lb ) per hour (Fig . 

2 . 11) , or 101 . 35 liters /sec ( 1 , 606 . 43 gal /min) , from the geothermal 

reservoir (Union Oil Company 1978 ) . Provided that the plant operates 

100% of the time ,  3 . 2 x 106 m3 (2593  acre- f t )  of fluid will be los t  from 

the reservoir annually . If the p lant operates 80% of the time ( as 

expected ) , the f luid loss will be correspondingly les s .  For the purposes 

of this environmental s tatement , however ,  a "worst case" of 100% operation 

time will be assumed . 

Known geothermal fluid discharges occur along the Jemez River in 

San Diego Canyon (refer to Sec t .  3 . 1 . 3 . 2 . 1 ) ; the amount of geothermal 

outflow reaching the river is estimated to be 10 . 35 liters /sec 

(164 gal/min) us ing arsenic dilut ion rat ios (Water Resources Assoc iates ,  

Inc . 1977 )  and at least 13 . 7  liters /sec ( 217 gal/min) using dilut ion 

rat ios of chlor ide , bromid e ,  boron ,  and lithium (Trainer 1 9 7 5 ) . These 

should be regarded as minimal figures , because geothermal discharge 

of unknown (but small) quant ities occur at localities other than those 

for which geothermal discharge component calculations were made (Trainer 

1 9 7 4 ) . For instanc e ,  using chloride , bromid e ,  boron , and lithium 

concentrations , one-third of the flow of Indian Spring owned by Jemez 

• 
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Pueblo is geothermal out flow. The source of these fluids has not been 

definitely determined . Although they are assumed to be derived from the 

geothermal reservoir underlying the proj ect s ite , the possibility exists  

that their source is  a separate , deep geothermal reservo ir . 

The maximum geothermal reservoir drawdown during the 30-year life 

o f  the 50-MW(e)  power plant , at proposed fluid withdrawal rates , will 

total 9 . 6  x 107 m3 ( 7 . 8  x 104 acre-ft ) .  This amount of  drawdown is  not 

expected to result in an adverse impact on any natural geothermal dis

charges .  I t  i s  assumed that the source o f  geothermal fluids ultimately 

reaching the Jemez River is the liquid-dominated geothermal reservoir 

described in Sect . 3 . 1 . 2 . 3 . The total reduction in groundwater out f low 

(well and stream depletion) resulting from reservoir drawdown is not 

known at this t ime . Induced recharge from shallow aquifers (ultimately 

surface water) may result . "Best fit" streamflow depletion analyses 

conducted at the applicant ' s  request indicate total losses of  ab out 

0 . 15 ,  0 . 26 ,  and 0 . 45 liter s / sec (2 . 4 , 4 . 8 ,  and 7 . 2  gal /min) from the 

Jemez River at 10 , 20 , and 30 years of 50-MW(e)  plant operation (Water 

Resources Associate s ,  Inc . 19 77 ) .  The actual p roposed withdrawals o f  

8 7 61 . 12 m3 (3 . 09 x 10 5 ft 3 ) per day exceed the withdrawal used in the 

calculation model [ 6242 . 98 m3 ( 2 . 206 x 10 5 f t 3 ) per day ]  by a factor of  

1 . 40 .  Therefore Jemez River depletion alone can be expected to amount 

to perhaps 0 . 21 ,  0 . 36 ,  and 0 . 63 liters/sec (3 . 36 ,  6 . 7 2 ,  and 10 . 08 gal/min) 

at  10 , 20 , and 30  years of plant operation , based on dilution effects of 

arseni c .  The instability of arsenic in area waters implies that the 

calculated quan t it ies of geothermal reservoir leakage in San Diego Canyon 

are probably lower than actual leakage for the assumed conditions . For 

instance , studies conducted by Trainer ( 1 9 7 5 )  using the more stable 

chlo�id e ,  bromide,  boron , and lithium cons t ituents indicate that 24% 

more stream flow d iversion could be expected . Depletion of  the Jemez 

River could then amount to 0 . 26 ,  0 . 45 ,  and 0 . 78 liters / sec (4 . 12 ,  7 . 13 ,  

and 12 . 36 gal/min) at  1 0 ,  20 , and 30 years of  plant operation . The 

ef fects of  reservo ir drawdown might be felt in extremely small amounts 

almos t  from the beginning o f  p lant operation (Water Resources Asso ciates , 

Inc . 1977 ) . 
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Two maj or thermal springs areas at Jemez Springs and Soda Dam 

(Fi g .  3 . 2  and Table 3 . 7 ) contr ibute geothermal d ischarge to the Jemez 

River . It is estimated that 20% [ 2 . 45 liters /sec ( 3 9  gal/min) ] of the 

discharge of Jemez Springs and 2 7 %  [ 5 . 17 liters / sec (82 gal/min) ] of the 

spring discharge at Soda Dam is comprised of geothermal reservoir fluid 

using arsenic dilution ratios (Water Resources Associates , Inc . 197 7 ) . 

Provided that they are derived from the subj ect reservoir , spring f lows 

at Jemez Springs could poss ibly be reduced by 0 . 08 ,  0 . 13 ,  and 0 . 23 liters / 

sec ( 1 . 20 , 2 . 3 9 ,  and 3 . 58 gal/min) and tho se at Soda Dam by 0 . 08 ,  0 . 14 ,  

and 0 . 24 liter s / sec (1 . 2 9 ,  2 . 5 8 ,  and 3 . 88 gal/min) at 10 , 20 , and 30  years 

of plant life.  

Using Trainer ' s  ( 1 9 7 5 )  dilution ratio , the more stable constituents 

chloride , bromide , boron , and lithium,  33  1 /3%  [ 4 . 2 liters /sec 

(67 gal/min) ] of  the flow at Jemez Springs and 50%  [ 9 . 5  liter s / sec 

(150 gal/min) ] of the spring discharge at Soda Dam is comprised o f  

geo thermal f luid . With the use of this method , springflows at Jemez 

Springs could possibly be reduced by 0 . 08 ,  0 . 14 ,  and 0 . 24 liter s / sec 

( 1 . 28 ,  2 . 22 , and 3 . 80 gal /min) and those at Soda Dam by 0 . 18 ,  0 . 39 ,  and 

0 . 5 4 liter s / sec (2 . 85 ,  4 . 9 1 ,  and 8 . 5 6 gal /min) at 10 , 20 , and 30 years 

of plant life.  

Cold mineral springs between the caldera rim and San Ysidro and 

a f lowing warm well at the western foot of  the S ierra Nacimiento are 

discharging some geothermal water (Trainer 1 9 7 4 )  (refer to Sect . 3 . 1 . 3 . 2 . 1) . 

If  their source is  the proj ect ' s  geothermal reservoir , it is  to be expected 

that drawdown would resul t in some very minor flow depletion ; however , 

the quant ities are not known at this time . Indian Spring , owned by 

Jemez Pueblo , is  used occasionally for bathing (Trainer 1978 ) . Because 

one-third of the springflow is  reportedly comprised of geothermal f luid 

(Trainer 1975 ) , there may be some impact on the use of  the spring . 

Reservoir f luid quality will decrease during the 30-year life of  

the demonstration power plant , assuming (1)  that the existing reservoir 

f luid contains an average total dissolved solids concentration of  6093 ppm 

(refer to Sec t .  3 . 1 . 3 . 2 . 1) and ( 2 )  that the proposed production-inj ection 

s cheme is adhered t o .  Fluids inj ected back to the reservoir would be 

more concentrated in dissolved so lids than those withdrawn , because of  
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evaporative losses . A rough estimate - based on reservoir mass in place , 

depletion rate s ,  and di ssolved solids concentrat ion - indicates that 

the reservoir will be degraded by 12% of the exi sting average total dis

solved solids in 30 year s .  The reservoir will also be degraded to an un

known (but apparently �light ) extent because of the inj ect ion of 0 . 009S 

liter / sec ( O . lS gal /min) of waste from the hydrogen sulfide abatement 

system.  The chemical components of the was te stream and their percent by 

weight of each are as follows : ADA (anthraquinone disulphonic acid) , 0 . 16 ;  

NaV03 , 0 . 7S ; Na2 C0 3 (equivalent) , 1 . 18 ;  Na2 S04 , 7 . 10 ;  Na2 S 2 0 3 , lS . 8l ;  

and water , 7S . 00 (Union Oil 1 9 7 8 ) . 

Temperature degradation of  the geothermal reservo ir will occur as a 

�esult of the mixing of  the relatively cool [ 13 4 ° C  ( 2 7 3 °F) ] inj ection 

water with the hot [ 3 2 9 ° C  ( 6 2 4 ° F ) ] reservoir water . By assuming a 

porosity of 0 . 10 and ext rapolating the applicant ' s  reservoir temperature 

performance data , a reservoir temperature decline to approximately 302 ° C  

( S 7 S 0 F) can b e  expected after 30  years of production . 

The reservoir pressure of 13 , 780 kPa ( 2000 psia) can also be expected 

to decline with reservo ir fluid withdrawal . This is estimated to result 

in a reservoir pressure of 10 , 630 kPa (lS43 psia) af ter approximately 

30 years of product ion (Union Oil Company 1978) . 

One of the thermal springs (H-1S of Table 3 . 7 ) at Jemez Springs is  

used commercially for public bathing ( Sect . 3 . 1 . 3 . 2 . 2 ) . Provided that 

its  geothermal flow component is derived from the production reservoir , 

as is  thought to be the case (Trainer 197 4 ) , reservoir pressure and 

temperature decline will adversely impact the value of the spring by 

reducing its d ischarge rate and water temperatur e .  

Mit igation of groundwater impacts resulting from geothermal fluid 

withdrawal will be accomplished in part by the imp lementation of a ground

water monitoring program ( Sect . 11 . 1 . 2 . 2  and 11 . 2 . 2 . 2 ) . 

4 . 2 . 3  Air quality impacts 

The atmospheric pollutant of  most concern in the case of the proposed 

facility is hydrogen sulfide (H2 S) . To a great extent the hydrogen 

sulfide contained in the geothermal f luid will be removed by a Stret ford 
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process .  However , the cooling tower makeup water will contain some re

maining H2S and the cooling tower effluents const i tute a release of H2 S 

to  the atmosphere . 

The operation of  the cooling towers at  the site will result in an 

increase in ground level concentrations of hydroge; sulfide . Calculations 

have been performed for typ ical conditions obtained from the meteorological 

data available . The data are insufficient to permit estimates of more 

severe conditions with any certainty . However , a severe c ondition c ould 

be postulated in which all of the hydrogen sulf ide would be trapped in 

a nocturnal drainage layer . This condition has also been addressed . The 

threshold o f  odor detection is generally acknowledged to be about 25-30 ppb 

but can be as low as 10 ppb (Rosen and Molenkamp 1978) . 

The proposed plant is  to  be located in Redondo Canyon at the Baca 

well f ield s ite , which has an elevat ion of 2600 m (8800 f t )  above sea level . 

The cooling t ower will be a mechanical-draft  tower containing a row of  

eight cells essentially aligned along the wind vector . Wind information 

for the Baca well f ield site (Figs . 4 . 2  and 4 . 3 ) shows up-valley winds 

during the day and down-valley winds at night (drainage winds ) .  Average 

daytime wind speed is 1 . 69 m/sec and average nocturnal wind speed is 

1 . 37 m/sec . 

4 . 2 . 3 . 1  Daytime disper sion condit ions 

Calculations are shown for dayt ime d ispersion condition C in Fig .  4 . 4 .  

The Baca Location boundary is located about 14 km ( 9  miles ) from the 

p roposed plant in the direction of the up-canyon winds . Dispersion 

condition D gives similar values outs ide the property whereas for A and 

B conditions , the values are lower . The following parameters were 

assumed for the cooling tower , which is the source of the hydrogen sulfide : 

Eight cells of  9 . 14 m (diameter) 
Volume flow , 690 m3 / sec 
Temperature of  effluent , 26 . 6 ° C 
Height to tower , 18 . 3  m 
Emission rate of  H2S ,  4 2  lb /hr .  
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Fig.  4 . 2 .  Baca wells annual wind rose , 10 AM-7 PM. 

ES-4851 
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Fig. 4 . 3 . Baca wel ls annual wind ro se , 7 PM-10 AM. 

ES-4852 
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Fig . 4 . 4 .  Calculated hydrogen sulfide concentrat ions at ground 
level during daytime C condit ions . 

The dispersion calculations depicted in Fig. 4 . 4  were based on the 

Gaussian plume formula . The diffusion parameters employed were those 

o f  Smith ( for vertical dif fusion) and those of Briggs (for horizontal 

diffusion) . The se diffus ion coefficients are di scussed by Hosker ( 1 9 7 3 )  

and Cu1kowski and Patterson (1976 ) . They are similar t o  the Pasqui11-

Gifford parameters at short distances , but they show less dif fusion at 

greater dis tances . The plume rise calculations used the formulation 

outlined in the cooling tower model ORFAD (LaVerne 1 9 7 7 ) , which is 

based on the work of Briggs (19 6 9 )  and Hanna (1971) . In calculating 

ground-level concentrations , the diffusion parameters typ ically give 

values representative of 10- to 15-min t ime period s .  Hourly values have 

been estimated using the conversion technique recommended by Turner ( 1 9 7 0) . 

The day time pattern of atmospheric disper sion will be initiated by 

up-valley winds as the cooling tower eff luent first enters the atmo sphere . 
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The resulting advection will cause this effluent to move towards the 

saddle to the northeast of the plant site ( i . e . , roughly towards the 

Upper Forks site) . The Upper Forks wind data do not show the same per

s istent northeasterly f low as do the canyon f loor dat a .  Therefore it is 

quite likely that there will be a change in the d irect ion of plume travel 

as it leaves Redondo Canyon . From the upper end of Redondo Canyon , the 

shortest travel length to the property boundary would be about 7 . 5  km, 

assuming advect ion of  the plume to the west from the Upper Forks region . 

Referring to the Gaussian plume calculation above , daytime dispersion 

conditions would therefore predict concentrations at the reservat ion 

boundary which are on the order of 1 ppb . 

Conventional dispersion calculations that apply to flat open country 

are known to be less than adequate for complex terrain environment s .  

Nevertheless , they are useful in making a first approximation . In an 

effort to obtain a bet ter approximation to the dayt ime situation , we 

have made some estimates along the lines proposed by Egan ( 1 9 7 5 )  employing 

potential f low concepts to the plume as it moves over terrain of varying 

height . Figure 4 . 5 shows the kind of variation predicted along a transect 

as the plume moves to the northeast under "c" stability conditions . (A 

and B condit ions give lower concentrations , except close to  the source , 

whereas D condit ions produce a maximum of about 2 ppb near the boundary . )  

Figure 4 . 5  represents a situation similar to that shown in Fig . 4 . 4 but 

with topographic perturbat ions added . The detailed variation in concen

tration shown in Fig . 4 . 5 depends very much on the transect chosen .  

However , a s  the plume traverses the high elevations near the northern 

boundaries of the property , it can be seen that the predicted concentra

tion is about 1 . 3 ppb . Assuming a change in wind direction when the plume 

reaches the Upper Forks area,  we have ealculated the ground level concen

trat ion which would occur over some high peaks j ust outs ide the western 

boundary of the Baea property .  The highest value dalculated was about 

2 ppb , employing the complex terra"ln modeling approach of Egan ( 1 9 7 5 ) . 

In summary , theref ore , offsite maximum concentrations of roughly 2 ppb 

of hydrogen sulfide are predicted during daylight hours . 
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Fig.  4 . 5 .  Topo graphical influences on ground level concentration 
along a transect going roughly n0rtheast from the proposed p lant site . 

4 . 2 . 3 . 2  Noc turnal d ispersion conditions 

During nighttime hours ,  a drainage wind b lows down the canyon . The 

drainage layer will probably be fairly well mixed and will be capped by 

a stable layer . One can assume that the top of  the drainage layer act s 

as a lid . The dispersion of  hydrogen sulfide in this drainage layer 

was calculated as a function of drainage layer dep th .  It is  assumed 

that any part s  of the plume that do not init ially rise above the top of the 

drainage layer are trapped within the layer . Any part of the plume that 

penetrates into the s table layer aloft is assumed to remain aloft .  In 

calculating penetrat ion of the top of the drainage layer , the following 

is assumed : Plume rise �h is calculated as in ORFAD (LaVerne 1977 ) . 

The total plume is assumed to be contained between 0 . 5 �h and 1 . 5 �h and 

fer simplicity is  as sumed to have a uniform conc entrat ion _ Thus , if the 
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height of  the drainage layer is known , the fraction between 0 . 5  �h and 

1 . 5 �h that is below it should be used as the source strength in calcu

lating ground-level concentrat ion. This approach is from Briggs ( 1 9 7 9 ) . 

The following assump t ions were also emp loyed in doing these calcula

t ions : The drainage layer is parallel to the ground surface ; that is , it 

s lopes with the terrain .  Mixing within the drainage layer is fairly good 

and representat ive of a D condition. For the purposes of plume rise , the 

drainage layer was assumed to have an isothermal lapse rate . Furthermore ,  

all material diffusing upward to the top o f  the drainage layer was treated 

as dif fusing back downward ,  s ince it is as sumed that it is trapped below 

the stable layer alof t .  This convent ional approach for a trapped plume 

was used for the calculat ions (Turner 1 9 7 0 ) . 

The nocturnal d ispers ion situation was studied as a funct ion of two 

important variables - wind speed and drainage layer depth. As wind speed 

increases , it reduces plume rise and consequently will tend to increase 

the ground-level concentrat ion of pollutant . On the other hand , increased 

wind speed causes increased plume d ilution . If the drainage layer depth 

is small , it will reduce the dilut ion of the trapped pollutant . However , 

given that the pollutant has buoyancy and /or upward momentum ,  a larger 

fraction of it is likely to penetrate the top of a shallow drainage layer . 

Wind data from the Baca wells site show nocturnal down-valley winds 

whose average speed is  1 . 37 m /sec . The data show that the wind speed 

cover s a range from a minimum of 1 . 17 m/sec to a maximum of 1 . 49 m/sec . 

In calculating nocturnal d ispersion in the drainage layer , we have 

assumed neutral stabil ity (D conditions ) .  In other words , we expect the 

drainage layer to be fairly well mixed . It is possible that when this 

drainage layer reaches the "meadow" area to the southwes t ,  it will  

spread laterally and hence d ilute somewhat more than D condit ions would 

indicate.  This would have the effect of further reducing the ground

level concentration . 

An estimate of drainage layer dep th can be made from an analysis 

o f  wind data . Figure 4 . 6  is a plot of the noc turnal wind frequency and 

d irection for the Upper Forks location . One can see that at this 

location , which is  at 2895  m ( 9500 f t )  elevation , there is no evidence 

of the drainage flow. The Upper Forks location is about 215 m above the 
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Fig . 4 . 6 .  Upper forks annual wind rose , 7 PM-I0 AM . 
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canyon floo r ,  and one can therefore assume that the drainage layer is at 

mos t  about 215 m in depth. Figure 4 . 7  shows the concentration of hydrogen 

sulf ide vs distance from the source for the case of a 2l5-m-deep drainage 

layer with an isothermal lapse rate . The concentration at the reservation 

boundary would be on the order of 0 . 6 ppb . 
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Fi g .  4 . 7 .  Calculated hydrogen sulf ide concentrat ions 
at ground level for drainage layer depth of 215 m.  

These calculations are intended to produce numbers to outline what 

might happen under typical conditions , not extreme conditions . The 

calculations have been limited for two impor tant reasons : (a)  there is 

only a small amount of data available and (b)  the prob lem of dispersion in 

complex terrain is poorly understood . 

The results depend crit ically on the init ial plume rise from the 

cooling tower , the height of the drainage layer , and the atmospheric 

d ispersion parameters . There are no data on the drainage layer to permit 

an estimate of plume r ise . The approach has therefore been to assume an 

isothermal lapse rate . This lapse rate is enough to allow part ial pene

trat ion by the bouyant plume into the stab le layer alof t .  However , if it 

is assumed that the drainage layer allows very little plume rise causing 
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the ent ire cooling tower plume to be trapped within the layer , the hourly 

concentrations at the boundary of the reservat ion could go as high as 

22 ppb . Atmospheric d ispersion is probably greater in complex terrain 

than over flat terrain . Flat terrain values were used because the 

complex terrain s ituation is not well understood . As a result of  the 

terrain effects the d ispersion is l ikely to be greater , tending to 

decrease ground level concentrations . 

The di spersion of  H2 S has been modeled for maximum, minimum, and 

average wind speed as observed at the Baca well f ield . Recall that the 

wind speed data refer to 2 . 5 m (8 f t )  above the canyon f loor . It  is l ikely 

that there are higher wind speeds at greater heights above the canyon f loor . 

However ,  for the nocturnal drainage winds , which cause the greatest con

centrat ions o ff s it e ,  the wind profile in the canyon is no t well understood . 

Because a drainage wind is driven by pressures which are hydrostatic in 

nature , the wind speed is l ikely to be greater in the lower depths of  the 

drainage layer . Thus , wind speed should be a decreasing funct ion of  

height above the ground . However , the ground itself is  likely to reduce 

wind speed because of frictional forces , so that the net effect may be a 

wind speed maximum at some intermediate height within the drainage layer . 

It  would be purely speculative to make any estimates of such wind prof iles . 

Therefore , we have chosen the available measured ground-leve l wind speeds 

in doing our calculat ions . 

In summary , therefore , the maximum nocturnal hydrogen sulfide 

concentrat ion at the reservat ion boundary would be less than I ppb , if 

an isothermal drainage layer is assumed . However , if  the plume becomes 

trapped entirely within the drainage layer , the maximum concentration 

would be on the order of 20-25 ppb . 

Workers may be exposed to H2 S levels that constitute a health hazard . 

However ,  expo sures will be controlled and worker safety and health 

p rotected by implement ing the appropriate OSHA regulation ( s ) . 

4 . 2 . 3 . 3  Cooling tower drift 

During the operation of  the cooling towers , some of  the water vapor 

released to the atmosphere is in the form of droplets ,  called drift • 

• 
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These droplets will contain the same impur ities as the circulating water . 

I t  is  estimated that 0 . 027 kg/hr ( 0 . 06 lb /hr ) of total dissolved solids 

in the s tream condensate will be lost from the towers ,  based on a drift 

rate of 0 . 005% of the circulating water and makeup water having a TDS 

( to tal dissolved solids) concentration of 30 mg /liter . Experience at 

operating facilities having similar cooling towers ind icates that most 

of the dr i ft  is deposited within 1 mile of the towers (Car son 19 7 6 ) . 

Based on the wind informat ion at the site as dep icted in Figs . 4 . 2  and 

4 . 3 , deposition of dri ft  will be confined to  Redondo Canyon . If it is 

conservatively assumed that all of the drift will deposit within an 

800-m ( 1 / 2-mile) semicircle downwind o f  the plant , total solids deposited 

will average less than 2 . 2 kg /ha (2 lb /acre) per year . 

4 . 2 . 4  Impacts on ecological systems 

4 . 2 . 4 . 1  Terres tr ial 

Af ter construction has ceased and af ter adequate reclamation , some 

o f  the ini tially dis turbed areas will again be available for wildlife 

habitation. Effects of disturbances from both construction and operation 

on sensitive wildlife spec ies have been d iscussed in Sec t .  4 . 1 . 5 .  

During proj ect operation , the only additional effects on the sur

rounding terrestrial biota could result from power plant emissions . Of 

the noncondensable gases , only hydrogen sulfide  (H2 S )  is present in 

sufficient quanti ties to be of concern at the Baca Location. The concern 

is primarily one of nuisance odor (hydrogen sulfide is detectable at  

concentrations of  abou t 25-30 ppb but possibly as low as 10 ppb ) rather 

than with potential damage to vegetation or animals .  Effects of long-term 

exposure of vegetation to hydro gen sulfide have been document ed only at  

concentrations above 100 ppb ( Subcommittee on Hydrogen Sulfide 19 7 9 ) . 

Thompson demonstrated no effects on ponderosa p ine (Pinus ponderosa ) at 

3 0  ppb , but he d id observe t ip burn on some individuals after eight 

weeks of expo sure to 300 ppb . Short-term expo sure to hydrogen sulfide 

requires concentrations in the par ts-per-million range be fore vegetation 

damage occur s (Subcommit tee on Hydrogen Sulfide 197 9 ) . Results of 

p redic t ions of  atmospheric hydrogen sulf ide levels resulting from normal 
• 
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power plant operation ind icat e that ambient hydrogen sulfide levels 

should not exceed approximately 2 ppb (Sec t .  4 . 2 . 3 ) . These  concentrat ions 

are two orders of magnitude below levels at which vegetation effects 

might occur . Exposure to higher levels of hydrogen sulf ide for short 

periods of time (a few days)  could be expected if the hydrogen sulfide 

abatement system fail s .  However , in such an ins tance , atmospheric 

hydrogen sulfide levels would not reach the parts-per-million concentrat ion 

required to p roduce damage to vegetation for short-duration exposure . 

Drift from the cooling towers is ano ther po tential source of  pol

luted emiss ions at the proposed proj ect . An analys is of  potential 

cooling tower drift has indicated that most drift  will fall within an 

area approximated by a 800-m-radius semicircle downwind from the plant 

( Sect . 4 . 2 . 3 ) . The geothermal f luid from the Baca reservoir is o f  

relatively good quality , with a to tal dissolved solids content averaging 

6000 ppm (Union Oil Company 1978) . The dr ift analysis indicates that 

the deposition rate o f  total dissolved solids resulting from cooling 

tower drifts will be less than 2 . 2 kg /ha/year (2 lb /acre/year within the 

approximate 800-m-radius semicircle around the cooling tower ( Sec t .  4 . 2 . 3 ) . 

The natural deposition of  atmo spheric salts from precipitation may be 

es timated for the Jemez Mountains using the data of  Junge and Werby 

(1953) , which characterize the concentration of airborne salts per unit  

volume of rainwater . As suming an annual average precipitation of  45  cm 

(18 in. ) ,  the natural depo sition o f  salts in the reg ion of  the proj ect 

s ite should be about 33 kg/ha annually (30  lb/acre annually) . The added 

salt from cool ing tower drift of 2 . 2  kg/ha per year ( 2  lb /acre per year ) 

would no t be detectable over the natural background salt deposition and 

would have no s ignificant adverse effec t s .  

Experience at The Geysers , the only operating geo thermal power 

plant in the United S tates , has indicated that boron , dissolved in the 

cooling tower drif t ,  has caused vegetation damage around some power 

plant unit s  (Rosen and Molenkamp 1978 , Leitner 1 9 78 ) . This damage is 

primarily limited to one sensitive plant species , big-leaf maple , within 

300 m of two older power plant units . Newer uni ts with more efficient 

drift eliminators on the cooling towers have not demons trated this 
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effect . Measured boron concentrations in condensate at the Baca reservoir 

average 1 ppm - over an order of magnitude below concentrations at The 

Geysers (Ro sen and Mo1enkamp 1978 , Le itner 1978) . It  is not known if 

the plant spe c ies that occur in the Redondo Creek area will show the 

same or greater sensit ivity to boron damage as the maple at The Geysers . 

However ,  the drift eliminators on the unit at the Baca plant should be 

more effic ient than the older units at The Geysers ; also , the concentra

t ion of boron in the drift at Baca is much lower than that at The Geysers . 

While vegetat ion damage from boron is not expected to occur at the Baca 

proj ect , it is difficult to predict this with certainty . If  vegetation 

damage from boron does occur at Baca , however , it  should be limited to 

the approximate 8 00-m-radius semicircle around the cooling towers where 

the drift  is predicted to fall . Therefore only a few individual plant s 

should be involved , and the impacts  should not be s igni f icant . 

4 . 2 . 4 . 2  Aquat ic ecology 

Normal plant operations are not expected to adversely affect the 

aquatic b iota , because geothermal fluids will be reinj ected and there 

should be no direct discharges of wastes into surface waters . Reduct ion 

of base flow from the geothermal reservoir to the Jemez River , caused by 

withdrawal of fluids from the reservoir , should have very li ttle effect 

on the d ischarge of the Jemez River ( Sect . 4 . 2 . 2 . 1) and should therefore 

not adversely effect the aquatic b iota in the r iver . Po tential impacts  

on the aquatic biota from acc idental releases of geothermal fluids or  

drilling muds and/or fluids are discussed in  Sect . 4 . 3 .  

4 . 2 . 4 . 3  Impacts  on rare and endangered species 

Pot ential impacts  of cons truction on the Jemez Mountains salamander 

are d iscus sed in Sect . 4 . 1 . 4 . 3 .  These impacts include all propo sed future 

we ll drilling . Op eration of the power plant will  not further affect the 

species , nor will operation affect any other endangered species (see 

Sect . 4 . 1 . 4 . 3 ) . 
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4 . 2 . 5  Seismic and geologic-related impacts 

Seismic and geologic-related impacts resulting from geothermal 

p lant operation include land subsidence and induced seismicity . These 

environmental impacts are expected to be minimal , if detectable at all , 

in the proj ect area . 

The potent ial for subs idence is generally considered to be a definite 

hazard in liquid-dominated geothermal systems . Subsidence is a direct 

result of reservo ir compaction accompanying pressure decline caused by 

f luid withdrawal ; however , land subs idence at the proj ect site as a 

consequence of fluid production is not expected to be significant . This 

conclusion is reached by considering several factors . First of all , 

about 7 3% of  the f luids withdrawn will be inj ected back into the geo

thermal reservo ir , mit igating some of the potential impact . S econd , most 

of the rock units associated with the geothermal system (Bandelier Tuff , 

Paliza Canyon Volcanics , Abo Fo rmation, Magdalena Group , and basement 

granite) are compet ent . Because of this , any compaction occurring 

within them would probably be caused by fracture clos ing and would most 

likely be undetectable . The Ter tiary sands , on the other hand , are 

poorly consolidated ; compaction would therefore be expected wi thin this 

unit . The great overlying thickness of competent rocks , however , would 

prevent the translation to the surface of compaction within the Tertiary 

sands . Natural subsidence caused by withdrawal of the underlying magma 

body may st ill be taking place (Union Oil Company 19 7 8 ) . If so , natural 

subs idence could be more signif icant than any induced by geo thermal fluid 

produc t ion . 

Se ismicity at the proj ect site could possibly be induced by the 

release of tectonic stress tr iggered by stress or fluid pressure changes 

on preexist ing faults . Ear thquakes of  this origin can have the magnitude 

of naturally occurring ones . Additional , nont ectonic earthquakes may 

result from increased fluid pressures or thermal stresses within the 

reservoir inj ection zone . The proj ect site is located within an active 

firs t-order tectonic feature , the Rio Grande rift , as well as a maj or 

Quaternary vo lcanic center , Valles Caldera . 
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Inj ection pressures of approximately 1033 . 5  kPag ( 150  psig) above 

hydrostatic at a f luid temperature of 134 ° C  ( 2 7 3 ° F )  are proposed for the 

demonstration plant . It is at this point difficult to predict what will 

happen with respect to  f luid inj ection and induced seismicity at the 

proj ect site . The inj ection pressures are most likely not high enough 

and the inj ection temperatures too high to init iate any significant 

earthquake activity caused by hydraulic fracturing or ther�al stress 

cracking . Also , the high rock temperatures existing at shallow depths 

might be conducive to creep rather than fracture as a release of  tectonic 

stresses ( Savage,  Ely , and Tocher 1 9 7 7 ) . Seismic events resulting from 

hydraulic fracturing at the LASL Hot Dry Rock geothermal site about 8 km 

(5 miles)  west o f  the Redondo Creek field were detectable only down-hole 

( Savage , Ely , and Tocher 1 9 7 7 ) . It can be expec ted that any induced 

seismic activity at the proj ect site will be ob scured by natural 

seismicity . 

The overall stab i lity and engineering ratings f or proj ect s ite 

soils are given in Table 3 . 2  (refer to  Sect .  3 . 1 . 2 . 2 ) . The erosion 

potential for all but one of  the soi ls is  slight , indicating that gullies 

are uncommon , rills are shallow [ less than 1 . 27 cm ( 0 . 5 in . )  deep ] ,  and 

more than 3 . 05 m ( 10 ft )  apart . The rock outcrop , steep , unit has severe 

erosion potential (deep , numerous rills and exposure of subsoil) . The 

depths to hard bedrock are mostly slight , which indicates a soil cover 

of at least 152 . 4  cm (60  in . ) .  Stab ility , in terms of shrink and swell , 

is primari ly moderate to severe ,  indicat ing an expansion and contrac ting 

of 3 to more than 6 % .  The soils are all we ll drained . Corros ivities 

vary from slight to  moderate in the proj ect site area . Moderate runof f  

problems are typ ical , however , with s oi ls showing some evidence of  f low 

patterns . Topso i l  ranges from p oor t o  fair , exhibiting sandy or clayey 

textures and steep to moderate slopes . 

A history o f  landslides exists f or the proj ect area , so the p os si

bility of future rock falls and landslides cannot be eliminated . 

Structural or other soil-related prob lems at the site are not known t o  

have occurred ; therefore , soil impacts t o  future facilities in Redondo 

Creek Canyon may be expected to be s light , at most . 
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Upp er Frij o les Canyon is underlain primar ily by Tschicoma volcanics . 

Downstream , the Bandelier Tuf f  crops out . Soils occurring along the steep 

canyon slopes are probably moderate ly to highly erodible and p oorly to 

moderately drained , with a severe runof f  p otent ial . 

4 . 2 . 6  No ise impact s  

The noise o f  p lant operation consis ts of  many o f  the construction

related noises discussed earlier , because wel l  dri lling and testing will 

cont inue at interva ls dur ing the life of the p lant . In addition ,  some 

vent ing of f luid as a result of abnormal operat i on or equipment failure 

may occur at infrequent intervals during plant operation . In most instances 

of these , however ,  such vent ing will be muf f led by submerged discharge or 

quickly shut back to a minimal f low. 

Other noises of plant operation are those associated wi th turbo

generator s ,  steam f low , and c ooling towers . 

Tab le 4 . 3  presents noise measurements made at The Geysers at gener

ating units  5 through 11 by Pacific Gas and Electric Company . Noise 

levels are high at the plant site ( 7 0  to 94 dBA) as a result of the opera

tion of turbines and gas ej ector s ,  but the noise measurements farther than 

60 m (200 ft )  from the plant [ 60 dBA at 150 m (500 f t ) ] are dominated by 

the cooling towers .  The overall plant no ise i s  4 0  to 5 0  dBA at 1000 m 

(0 . 6  mile) (Bush 1 9 7 7 )  and is  virtually inaudible at dis tances over 

1 mile ( 1 . 6 km) . As stated in Sec t .  4 . 1 . 7 ,  Redond o Peak is a noise 

sens itive area because of its religious signif icance.  Continuous noise 

levels of 41 DBA at the peak are anticipated during normal operation .  

Abnormal release o f  steam during operation would result in a short 

duration noise level of up to 47  dBA ( see Tab le 4 . 2 ) . 

Workers may be exp osed to noise levels which cons titute a health 

hazard . However , expo sures will be contro lled and worker safety and 

health protected by implementing the appropriate OSHA regulation ( s ) . 

4 . 2 . 7 Socioeconomic and cultural impacts 

During the longer-term plant operation , the plant would produce 

stable , relatively high-paying j obs . This should result in some new 
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Table 4.3. A-weighted sound levels from various noise sources at The Geysers 
at a typical power plant operating at full load 

Noise source d escri pt ion 

Cool i n g  tower 
Outside turbine-generator 

bui ld i ng 
Stea m  jet gas ejector 
Around turbi ne-generator 

u nit ins ide bu i ld ing  
R andom locations on turbi ne

generator floor 
Total plant noise a t  plant 

fence l i ne 
Total plant noisea 

D istance from 
noise sou rce 

(m)  (tt) 

1 .5-3 5- 1 0  
7 .5 25 

1 -3 3- 1 0  
1 - 1 .5 3-5 

6-20 20-70 

1 50 500 

Sound level 
(d BA reo 20 micropascals)  

8 1 -85 
70-75 

88-93 
92-94 

90-94 

67-83 

60 ± 5 

aTota l  noise from plant at d istances greater than 60 m (200 tt) is pr i mari ly  
fro m cool i ng tower on ly .  The  noise from steam jet gas ejector fal l s  off rapidly as a 
function of d i stance from source because of smal l  rad i at ing  surface a rea and h igh 
frequency content. 

Sou rce : R. C. Bush, "An Overv iew of PG&E's Aud ible Noise Measurements Pro
gram at The G eysers," pp. 1 69-73 in Proc. Geothermal Environmental Seminar 

1976, La k e  Cou nty, Cal if., October 1 976. 

permanent housing cons truction and a gradual movement of operations 

workers to s ingle-family units in the Jemez Valley . 

The addit ion of the p lant to Sandoval County ' s  tax rolls wi ll result 

in a very substantial increase in the tax base . Current estimates of 

the plant ' s  value ( $ 7 8 . 8  million) , when as sessed at the usual rate of 

one-third of market value , would result in a 24% increase in Sandoval 

County ' s  tax bas e .  Trad it ionally , communit ies receiving large tax-base 

increases without a s imilar increase in population or demand for serviees 

have lowered or s tabi lized tax rates whi le increasing service leve ls . 

Also , Sandoval County ' s  Jemez school distr ict could expect an increase of 

$1 7 4 , 000 in annual revenues because of the proj ect ; however , this increased 

reven ue locally would be sub stantially offset by a reduct ion in State 

school funding , and only $ 8 , 700 ( 5 %  of $ 1 7 4 , 00 0 )  would be a net inc rease 

in s chool funding . 
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Annual PNM payroll during operat ion will be about $ 48 8 , 000 (not 

including fringe benefits) , and Union ' s  annual operating payroll is expected 

to be at least $1 , 000 , 000 . The se payrolls as well as the construction 

payroll , represent a s ignificant source of income to the local populat ion , 

especially s ince this income is "basic sector" income and will generate 

addit ional indirect act ivity for goods and services sectors of the area 

economy . However , this increased private-sector income is no t likely 

to s ignificantly benefit local communities such as Jemez Springs , since 

pre sent expenditure patterns indicate that income flows rapidly to the maj or 

market centers of Albuquerque and Santa Fe (Mountain Wes t  Research , Inc . 

1 9 7 9 ) . 

Impacts of plant operation on Indian cultural and religious 

practices are discussed in Sec t . 4 . 1 . 7 .  

4 . 3  POTENTIAL ACC IDENTS 

The potential accidents resulting from construction or operation of 

the proposed proj ect that would produce greater environmental impact 

than that estimated for normal construction and operation activit ies are 

discussed here . These events can result from abnormal condit ions of 

plant operat ion and from equipment malfunc tion in the stearn supp ly and 

return systems . The environmental consequences of  abnormal operation are 

treated separately from the legal interpretation of the State ambient 

air quality standard because conformance of hydrogen sulfide concentrat ions 

resultin g  from abnormal operation to State s tandards are subj ect to pre

diction and interpretation by the State . 

4 . 3 . 1. />.bnormalJlant operation 

The environmental impacts  of p lant operation are based on normal 

operat ing conditions in which all systems funct ion . Ab�ormal operation 

resul t s  (1)  when an auxil{ary system fails but the plant is ab le to 

cont ir-ue elec trical power generat ion or ( 2 )  when the plant shut s down 

l1nexpec tedly . 
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The two mo st important systems for the mitigation of environmental 

impacts are the hydrogen sulfide abatement system and the inj ection 

plant for spent geothermal fluid . A total loss of either system for an 

extended period of  t ime would result in plant shutdown ; however , loss  of 

the inj ection system is highly unlikely . A short-duration outage of less 

than 12 to 24 hr , once detected , might occasionally result in plant opera

t ion without one of the systems . S imilarly , the p lant might operate for 

a few hours without the failed system unt il the extent of the outage 

was determined . Thus , to predict several hours of operation during the 

course of a year (perhaps five to ten days a year ) without hydrogen 

sulfide abatement or fluid inj ect ion is reasonable . 

4 . 3 . 1 . 1  Lo ss of hydrogen sulfide abatement system 

Loss of  the hydrogen sulfide abatement system would result in the 

release of approximat ely 108 kg/hr (240 lb /hr) of hydrogen sulfide to 

the atmosphere from the cooling towers . The resultant concentrat ion of 

hydrogen sulfide at the Baca boundary would be less than 11 ppb , or 

5 . 6  times that estimated for normal operation for the worst-case at

mospheric conditions . Except for the increased chances of  odor in areas 

of e�isting high ambient hydrogen sulfide levels , no environmental 

damage or health effect s would be expected from these infrequent , 

short-duration event s .  

4 . 3 . 1 . 2  Lo ss o f  fluid inj ection system 

Lo ss of the inj ect ion capability as a result of pump failure is 

unlikely because two of the inj ection wells do no t require pumps ; the in

j ect ion pump can be bypassed to these wells . Hydrogen sulfide emissions 

from inj ect ion p lant bypass would be about the same as for normal operation ; 

however ,  the concentration in the atmosphere would be quite different 

and higher near the p lant , because of the ground-level release height . 
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4 . 3 . 2 Turb ine trip 

There are several types of equipment failure in the plant and in 

the electrical distribut ion system that require immediate shutdown of 

the power plant on an unplanned basis as opposed to a previously sched

uled shutdown for maintenance or a shutdown in which several hours ' 
, 

not ice is given . Such a shutdown is referred to as turb ine trip , or loss 

of load , and usually requires the immediate venting of steam to prevent 

damage to the turbine . These events are infrequent , and when they are 

added to the scheduled downt ime , the total outage of the plant is less 

than 20% of the year . One or two such events per year for a single 

geothermal turb ine would be unusually frequent . 

When a turbine trip occurs , it is  necessary to vent steam from the 

main steam line to the atmosphere until orderly shutback of the geo

thermal supply wells is possible . It is unlikely that venting will 

occur for a period of up to 48 hr . For longer outages , the flow will 

be shut back to the satellite separaters ;  then to the wells ; eventually 

the wells will be shut back to about 10% of full flow until the plant 

comes back on line . The reduced flow will be vented through the various 

bypass pit s .  

Hydrogen sulf ide and ho t fluids will b e  released t o  the atmosphere 

until  the wells are shut back , but the short duration and infrequent 

occurrence will result in only minimal environmental impact . The ambient 

hydrogen sulfide limits  are a legal matter for interpretation by the 

s tate for the upset condi tion of operation .  

4 . 3 . 3  Geothermal fluid system failure 

The geothermal fluid supply and disposal systems are subj ect to 

failure by rup ture in the well casing , at the wellhead , and in the above

ground piping . Rup ture in the well casing is called a blowout and has 

potential impacts  on the hydrological regime as well as on the surface . 

The other p iping system ruptures would have predominantly surface effect s .  

Experience with geothermal systems shows that well blowouts are prevent

able and usually occur during drilling rather than during plant operat ion . 

Other pipe ruptures are highly unlikely , the predominant historical 

instances being related to vandalism of unguarded wellheads . 
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4 . 3 . 3 . 1  Blowouts 

Blowouts can occur during exploratory drilling , field development ,  

or full-scale production . Blowout-prevent ion equipment will be used on 

b oth the exploration and production wells ; nevertheless , malfunctioning 

equipment , human error , or negligence occasionally leads to blowouts . 
, 

Blowouts can occur at any time dur ing exploratory drilling or field 

development when geopressured f luids or the potent ial for steam flashing 

is encountere d .  Blowouts can also occur if casings rup ture a t  a shallow 

depth . Blowouts that occur below ground are controlled by several 

techniques , depending on the nature of the blowout . 

Geothermal b lowouts do not carry the risk of fire that oil field 

blowouts do . Nevertheles s ,  they are difficult to handle because of the 

presence of heated f luid s .  Blowouts may result in surface cratering ; 

destruction of  vegetation , wildlife habitat , and wildlife ; contamination 

of the surfac e ,  water , and atmosphere ;  excessive no ise ; waste of geo

thermal energy ; and inj ury to personnel . The land area affected by a 

blowout is  diff icult to estimate and is dependent on locat ion , flow 

rate , and duration . It is  estimated that the largest probable area of 

d irect impact from any single excursion would be on the order of 5 ha 

(10 acres ) . 

Well casing may also rupture during the product ion stage as a 

result of natural subsidenc e ,  earthquakes , or landslides .  Because of  

the geologic setting for  the proposed proj ect , the most likely causes of 

casing failure are natural subsidence and landslides . Cement packing 

aror .ld the casing is intended to contain the f luids in the event of a 

casing failure . However , large displacement caused by landslides or sub

sidence may rupture the cement packing as wel l .  If the casing ruptures 

in a groundwater aquifer and if the reservoir f luids are geopressured or 

st eam-f lashed , groundwater contamination and waste of  geothermal energy 

will occur . Shallow aquifers in the immediate vicinity of the proj ect 

site with the potent ial for contamination are small in volume and are 

currently unused . If rupture takes place in the cap rock or reservoir , 

little or no damage to the environment or waste of  energy will result , 

but the well would have to be recompleted . It  may be possible for 
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escaping fluids to reach the surface along a fault or j oint , but this 

should only occur in the case of a prolonged blowout and is not likely . 

4 . 3 . 3 . 2  Pipe rupture 

Ruptured geothermal pipelines may cause intense but shor t-duration 

sur face spills and possible release of geothermal fluids to surface 

waters . Whereas blowouts and ruptured well casings may be difficult to 

bring under control , pipelines can be isolated within les s than an hour 

or so by shutt ing back the appropriate wells and , if necessary , clos ing 

down the generating plant . 

The total mass f low of  geothermal f luid from geothermal wells to 

the four satellite steam separators will be about 1 , 36 0 , 500 kg/hr 

( 3 , 000 , 000 1b/hr) ( Sect . 2 . 2 . 5 . 1) .  Consequently , the mass flow of geo

thermal fluid to and from each satellite steam separator will be about 

340 , 130 kg/hr ( 7 5 0 , 000 Ib/hr) . The approximate temperature of the fluid 

under pressure is 166 °C  (330°F)  ( Sect . 2 . 2 . 5 . 1) .  Union has a spill 

·p revent ion plan and emergency containment procedures for accidential 

releases (see Appendix G) . Discharge of  geothermal fluid until mitigated 

from a broken pipe would be about 340 , 130 kg/hr (750 , 000 Ib/hr) , or 

93 liters / sec ( 3 . 3  cfs) . Considering the spill mit igat ion measures that 

would be initiated in the event of a rupture , the maximum duration o f  

this f low would b e  less  than one hour . In s ome cases of surface pipe 

rupture , the flow could be diverted into a reserve pit until  shut back . 

A p ipe rupture dis charging the maximum rate ( 9 3  liters / sec) near 

Reqondo Creek could have severe adverse effects on the stream ecosystem.  

Most of  the fluid discharged would reach the creek channel . The esti

mated release of  93 liters/ sec (3 . 3  cfs) from a ruptured pipe ranges 

from about 4 to 17 t imes the mean monthly discharge recorded in Redondo 

Creek ( Sect . 3 . 1 . 3 . 1) . Consequently , the temperature of Redondo Creek 

at the point of mixing with hot geothermal fluid would be near the 

boiling point of water (100 ° C) . Thi s  is well above the maximum tempera

ture tolerances of cold-water fishes and other stream organisms , which 

generally range from 20 to 30°C  (McKee and Wol f  1963) . Consequently , 

such a release would result in substantial mortality of  organi sms in 
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Redondo Creek downs tream of the discharge , primarily because of thermal 

shock . The distance downstream over which thermal shock would occur 

would depend upon the temperature and volume of f luids released and the 

f low of Redondo Creek at the t ime of release . 

Ef fects of  a spill on port ions of the Jemez River downstream of 

Redondo Creek will depend upon f low condit ions in the streams and the 

magnitude of the spill . Except during very high stream f lows , a large 

slug of geothermal fluid would move rapidly down Redondo Creek and 

possibly down San Antonio Creek vir tually undiluted , and subsequently 

enter the Jeme z River at the conf luence of  San Antonio Creek and the 

East Fork of the Jemez River , near Battleship Rock.  Low f lows of the 

Jemez River at this point would be expected to be on the same order as 

the flow of geothermal fluid from a p ipe rup ture . The record low f low 

o f  the Jemez River recorded at Battleship Rock was 9 3  liters /sec , equal 

. to the flow from a p ipe rup ture . The annual average f low of the Jemez 

River ( 8 5 0  liters/ sec )  at this point is less than an order of  magnitude 

greater than the flow from a p ipe rupture .  Concentrations of  trace 

elements in the geothermal fluid , which are wel l  above toxic levels and 

dr inking water standards , would probably remain above these criteria at 

the point of mixing with the Jemez River . These trace element concen

trat ions would peak at the p oint of mixing and the peak concentrations 

would be expected to last j ust over one hour for a spill of maximum 

duration . As the s lug of geothermal f luid moves down the r iver , dilu

t ion will occur and the concentrat ion curve will f latten such that the 

peak values will be lower but will last longer . How rapidly this 
. 

dilut ion occurs and the distance downstream over which the peak concen-

trations will exceed cr iteria will depend upon the flow of the Jemez 

River at the time of the spill . 

Downstream aquat ic ecosystems could be adversely affected by toxic 

trace elements in the geothermal f luids (Cushman , Hildebrand , and 

Brocksen 1 9 7 7 ) . The extent of the impact will depend upon the resultant 

concentrat ions of these element s in stream water and the durat ion of 

exposur e .  Downstream water users could also be adversely af fected by 

high trace element concentrat ions . Tab le 4 . 4  details maximum concentra

t ions of trace elements recorded from the geothermal f luid and compares 



Table 4.4. Maximum concentrations of trace contaminants in geothermal fluidS at 
the Baca site in relation to concentrations that are known to be toxic 

to aauatic biota 

D rink ing 
Max i m u m  

Known tox ic 
R atio of water 

Constituent 
concentration 

concen trati on 
geotherm a l  f lu id standard 

in geothermal 
( mg/l iter )  

concentration to where 
f lu id  (mg/lite r )  known tox ic concentration appl icable 

( mg/l i ter) 

AI 1 . 0  0.01' 1 4  
As 1 0  0.022a 4 50 0.05b 

B 40. 2 0.69a 58 
Ba 0.3 5.3a 0.06 1 .0b 

Be 0.0 2 1  0. 1 5a 0. 1 
Br  9.0 0. 1 8a 50 
Cr 0.004 0.005a 0.8 0.05b 

Fe 1 8  0.2a 90 0.3 c 

Hg 0 .0009 0.000 1 a 9 0.002b 

Mg 5.3 1 7. 0a 0.3 
Mn 0. 1 1  0 .35a 0.3 0 .05b 

Mo 0. 1 70d 0.0 0 1  
P b  0. 1 0.007a 1 4  0.05b 

R b  4.3 1 4. 0a 0.3 
Zn 0. 1 0.01 a 1 0  5.0 c 

F lu oride 2 1 . 2 95d 0.2 0.4 -2.4 e 
T. D.S. 6 000 500c 

a Cushman, H i ldebrand, Strand, and Anderson ( 1 977) .  
b Nat ional  I n ter im Primary D r i n k ing Water  Standards, F R 40( 24 B ) : 59566-595 7 7, D ecem ber 24, 1 975.  
c Proposed Nat iona l Secondary Dr ink ing Water Standards, F R 42(62 ) :  1 7 1 43- 1 7 1 4 7, March 3 1 , 1 977.  
d McKee and Wolf ( 1 963) .  
e Depend ing upon average max imum da i ly  a i r  tem peratu re, lower standard for warm c l imates. 

Rat io of 
f lu id concentration 

to dr inking 
standard 

200 

0.3 

0.08 .f>-I 
60 In 

� 
0.45 

2 . 2  

2.0 

0.02 
53-8.8 
1 2  
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these to the minimum toxic concentrat ions for aquatic b iota and to 

drinking water standards . Comparisons of the concentrations of  16 trace 

elements in the fluid with toxic concentrat ions for aquatic b io ta indicate 

that arsenic , boron , bromine , and iron are the constituents of greatest 

concern for effects on downstream ecosystems . Arsenic ,  iron , fluoride , and 

total d issolved solids cons iderably exceed drinking water s tandards . 

Es timated peak concentrat ions of  the constituents of  concern have been 

calculated at the point of  mixing with the Jemez River for the record 

low flow (93 liters /sec) and for the annual average flow (850 liters /sec) 

and are presented in Table 4 . 5 .  To facilitate calculation , complete 

mixing with the r iver water at  this p o int has been as sumed . Es t imates 

of resultant  concentrations at the low flow of 9 3  liters /sec may be 

considered worst case . 

Es timated concentrations of arsenic ,  boron , bromine , and iron in the 

Jemez  River from Table 4 . 5  may be compared with known toxic concentrations 

for aquatic b iota from Table 4 . 4  and from Cushman , Hildebrand , and Brocksen 

(1977) . Predicted arsenic concentrations in the river after a spill are 

above 24-hr and 48-hr L C 5 0 s  (do sage at which 50 percent o f  the individuals 

expo sed die within the t ime period) for b luegill (Lepomis macrochirus ) 

in static bioassay s .  Ar senic concentrations of  1 . 1 mg/1iter and above 

are lethal to mayf lies . Informat ion on the toxicity of  bromine is sparse ; 

however , the predicte� concentrations in the Jemez River at both low and 

average flows are well above the toxic level for Chlore l la ,  a green alga . 

Predicted concentrations of iron at both low and average flow are acutely 

toxic to many species of  fish , including trout (Cushman , Hildeb rand , 

and Brocksen 19 7 7 ) . However ,  effects on downstream b iota from expo sure to 

the concentrat ions in Tab le 4 . 5  are difficult to predict because the 

exposures at which toxici ty levels are determined are generally of a 

longer duration than the one or p ossibly two hour exposure resulting from 

a hypothetical maximum duration spill . Generally , higher concentrations 

are required to produce adverse effects on biota for a very short duration 

expo sure . For example , p redicted concentrations of  boron in the Jemez 

River after a spill (from Tab le 4 . 5 ) are above the mimimum toxic concentra

t ion (from Table 4 . 4) but well below the concentrations of  100 mg/1iter 



Table 4.5 .  Predicted concentrations of arsenic, boron, bromine, and iron in surface water of the Jemez River at Battleship Rock 
during 16-year low and mean flows, following hypothetical rupture of a pipeline adjacent to Redondo Creek 

Est imated rate of d i scharge of geothermal fl u id i nto Redondo Creek is 3.3 cfs, or 93 l iters/sec 

Constituent 
Basel ine concentration 

in Jemez River ( mg/I iter) 

. 
As 0.006 
B 0.04 
Br 0.0001 
Fe 0.06 

F luoride 0.6 
T.O .S. 1 50 

a Data from Table (3.3. 1 ·4 ) .  
b Equ ivalent t o  9 3  l iters/sec. 
c Equ ivalent to 850 l iters/sec. 

Concentration in  Pred icted concentration i n  Jemez R iver ( mg/liter) 

geothermal fl u ida ( mg/liter) Low flow (3.3 c fs)b Mean annua l  flow ( 30 cfs)c 

1 0  5.0 1 .0 
40 20 4.0 

9.0 4.5 0.9 
1 8  9.0 1 .8 

2 1 . 2 1 0. 0  2 . 0  
6000 3 1 50 790 

� I 
V1 
1.0 
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of boron which is  generally required to  cause short-term toxic ef fects on 

aquatic b iota (Cushman , Hi ldebrand , and Brocksen 19 7 7 ) . 

Drinking water standards from Table 4 . 4  for arsenic , iron , fluoride , 

and total dissolved solids may be compared with the estimated concentra

t ions o f  these cons tituents in the Jemez River after a spill ( from 

Table 4 . 5 ) . At low flows , worst-case peak concentrations of all these 

c onstituents at Battleship Rock would be above drinking water standards ;  

a t  average flows , peak concentrations of only arsenic , iron , and total 

dissolved solids would be above drinking water standards . These peak 

concentrations would last j ust over an hour at Battleship Rock for a 

maximum durati on spill.  As the slug of  geothermal fluid moves downs tr eam, 

the peak concentrations will decline below the levels in Tab le 4 . 5  and 

the duration of these peaks will lengthen to a few hours . It  is pos sible 

that some downstream users o f  the Jemez River will be exposed for a few 

hours to concentrations o f  these constituents that are above standards 

for dr inking water . However , dr inking water s tandards are set at levels 

safe for long-term exp osures , while a spill wi ll result in only a shor t

term exposure . Shor t-term exposures of a few hours to concentrations as 

indicated by Table 4 . 5  should cause no adverse effects on downstream users . 

For example , the standard for arsenic is to protect users from chronic 

arsenic poisoning (U . S .  EPA 19 7 6 ) . The estimated worst-case concentrations 

of arsenic in the Jemez River (Table 4 . 5 )  are well below an order of 

magnitude less than the concentrations of arsenic required for acute 

poisoning (U . S .  EPA 19 7 6 ) . The standards for iron and total dissolved 

solids are set for palatab ility rather than health reasons . The standard 

for f luor ide is set to protect against dental .mottling from long-term 

consump tion of the element . Exposures of downs tream users to fluoride 

as a result of a spi ll would be short-term and at  levels at or j us t  

above drinking water standards . Therefore , a sp ill  of  geothermal fluid 

which reaches the Jemez River should not adversely affect downstream 

users r elative to any of  the above const ituents .  
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4 . 3 . 3 . 3  Failure of  a drilling sump 

Sumps will be construc ted at each well  site to serve as catchments 

f or dri lling muds and fluids ( Sect . 2 . 2 . 3 . 1) .  Oil and grease may also be 

contained in the sump . Failure of a wall  of a sump at a well  pad 

adj acent to Redondo Creek would likely result in a release of  drilling 

muds and fluids from the sump to the creek. The probability o f  such a 

release is impossible to estimate . Drilling muds and fluids used at the 

Baca proj ect are noncaustic and have near-neutral pH and as such are not 

likely to be severely toxic to aquatic biota.  However , bioassay data on 

toxicity of several of the constituents of the muds  used at the Baca 

proj ect are no t available ; therefore , the impacts of an accidental 

release of drilling muds  and f luids cannot be precisely evaluated . 

4 . 4 IMPACTS OF TRANSMI SS ION LINES 

4 . 4 . 1  Cons truction 

The following discussion of impacts  considers separately impacts of 

construction of  the l15-kV transmission l ine and impacts  of operation . 

Two proposed transmission l ine corr idors are treated , of which only one 

will be chosen .  Details of construction and maintenance practices may be 

found in Sect . 2 . 2 . 4 .  Section 3 . 2  d iscusses the environment along the 

two proposed corridor s .  Exact centerline placement of the right-of-way 

along the corridors is no t known presently and detailed vegetation , 

archaeol ogy , and engineering studies along the right-of-way have not 

been completed . Therefore , quantification of  many impacts is  not 

possib l e ;  in such cases impacts are d iscussed in general terms only . 

Impacts of cons truct ion on land use , the biotic environment ,  soils , 

archaeologic and cultural resources , and visual resources are discussed 

separately for each corridor , followed by a comparison of  overall impacts . 

Figures 2 . 9  and 3 . 25 illus trate the two proposed corridors . 

4 . 4 . 1 . 1  Land use 

Cons truction of the l15-kV transmission line along either corridor 

will result in impacts to  grazing , timber produc t ion , and to recreational 

uses via visual impact s .  Impacts  to future timber production will only 
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be considered for private and Forest Service lands b ecause t imbering is 

not allowed on LASL land or in Bandelier National Monument . The extent of 

these land use impacts are dif ferent for each c orridor according to the 

land ownership along the corridor . 

Corridor 1 - Baca corridor 

Approximately two-third s of the Baca corridor is within the privately 

owned Baca Ranch , where current land uses are restricted to graz ing and 

t imber production .  Seven kilometers of the corridor crosses the Santa Fe 

National Forest where land uses include graz ing , timber product ion , and 

recreation . The remaining 5 km of the corr idor is withln the DOE lands 

on the LASL reservation , which are devoted to research and support services . 

The Baca corridor does not traverse any resident ial areas . 

Impacts to grazing on the Baca Ranch and the USFS land will be minimal . 

The impacts will be temporary for the season of construction and unt il 

revegetation of any c leared areas is accomplished . Approximately 1-3 km 

o f  the Baca route crosses meadow grazing areas . The remainder of  grazing 

lands crossed on the Baca and USFS land are wooded . 

Construct ion of the line along the Baca corridor will necessitate 

clearing of forest from about 15 km of the right-of-way within the 

private Baca Ranch ; about 8 km of this forest consists of t imber of com

mercial size (7"  dbh or greater ) . The remainder of the right-of-way is  

within meadows ( 1  to 3 km) and recent clearcuts ( 6  km) . Considering 

that the c lear cuts will eventually be reforested , construct ion of the 

l ine along this corridor will remove about 2 1  km of the right-of-way on 

private land from future t imber production for the lif e of the l ine . 

As suming a 30-m right-of-way , this will result in about 65 ha ( 166 

acres) of private t imber land removed from produc t ion . On the Forest 

Service land , the ent ire 7-km length of the right-of-way is within heavy 

t imber , which will be cleared . A total of 2 1  ha ( 94 acres ) of Forest 

Service land will therefore be removed from future t imber produc tion for 

the life of  the l ine . 

The USFS lands cro ssed by the Baca route are managed for recreation , 

as we ll as other uses.  Because of their close proximity to Los Alamos , 
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these eastern slopes of the caldera are heavily used by local area resi

dents for a variety of  recreational activit ies . Impacts to recreational 

uses caused by transmiss ion l ine construction are primarily visual 

impacts .  People ' s  enj oyment of outdoor recreation is greatly affected 

by the quality of  the visual resources . The Baca corridor crosses the 

Guaj e trail and passes in close proximity to the Paj arito Ski Area and 

Camp May , and the FR-l road to these use areas .  Visual impacts are 

d is cussed in greater detail in Sec t .  4 . 4 . 1 . 5 .  

Approximately 5 km of the corridor crosses the LASL reservation . 

Impacts in terms of present or planned land use on the reservation are 

not anticipated as a result of transmission line construction . In terms 

o f  interference with land use , f inal alignment o f  the right-of-way will 

be closely coordinated with the Laboratory Environmental Review Committee 

and with other Laboratory personnel .  

Corridor 2 - southern corridor 

The southern corridor cro sses 10. 5 km of the private Baca Ranch , 

15 km of Forest Service land , 3 . 5  to 6 . 5 km of  Bandelier Nat ional 

Monument ,  and 8 km of DOE land on the LASL reservation . T imbering and 

grazing are no t allowed on the LASL lands or on the monument ,  but both 

land use practices may occur on the Baca Ranch and Fores t Service land . 

Impacts  to grazing from line construction along this southern corridor 

will be similar to those along the previously discussed Baca corridor . 

Construction o f  the line will necessitate clearing of  forests from 

about 8 . 5  km of  the right-of-way on the Baca Ranch ; the remainder of the 

corridor on the private land is within meadow and scrub oak stands . 

Almos t  all o f  the timber to be removed from the Baca Ranch is  of  com

mercial size and some of  the s tands are of virgin timber . App roximately 

25 . 5  ha (65 acres) of private land will therefore be removed from timber 

production. Much of  the Forest Service land south of the Baca has been 

selec t ively logged ; the amount of commercial t imber to be removed from 

this portion of the nat ional forest by line construction will depend 

upon f inal r ight-of-way placement . The section of Santa Fe forestland 

east o f  Bandelier Monument ,  however ,  has not been recently logged , and 
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all of the r ight-of-way is  within dense forests of commerc ial timber . 

In all , 15 km of the right-of-way on Forest Service lands , a total of  

4 5  ha (1 1 5  acres ) , will be removed from t imber production for the life 

of the line . 

One link of  the southern corridor crosses about 1 km of private 

inho lding in the Santa Fe National Forest south of  the Baca Location . 

This land , the Primos Hermanos Subdivision , is s lated for development 

for second homes (Wirth Associates 1979 ) . Construction of the trans

mission corridor along the southern link would undoubtedly create a 

conf lict with residential use of this land . 

Approximately 18 . 5  to 2 1 . 5 km of  the southern corridor crosses 

public recreation lands (15 km in the Santa Fe National Forest and 

3 . 5  to 6 . 5  km of the Bandelier Nat ional Monument ) . Construct ion of  the 

line will result in conflicts with recreational use as a result of 

visual impact s .  The southern corridor passes in c lose proximity to the 

Los Conchas campground and the use area along Eas t Fork of the Jeme z 

River . Visual impacts are discussed in more detail in Sect . 4 . 4 . 1 . 5 .  

The southern transmission corridor crosses a port ion of Bandelier 

Nat ional Monument recently acquired from the private owners of the Baca 

Ranch . Almos t  the entire Bandelier National Monument south of this 

recent acquisition is a designated wilderness . The new acquisition is 

under consideration for addition to the Bandelier Wilderness Area (Wirth 

Assoc iates 1 9 7 9 ) ; only the p ortion of the acquisition south of NM-4 

would qualify as wildernes s .  Link C of the proposed corridor avoids 

this southern section ; however , link D bisects the area . Cons truction 

o f  the transmiss ion link along link D could disqualify this section as 

wilderness .  This conflict could be avoided by choosing link C or other

wise rout ing the line north of the highway . 

Land use conflicts for the southern corridor within DOE lands are 

d iscussed for the Baca corridor . 

4 . 4 . 1 . 2  Ecological impacts 

Impacts to vegetation will result from clearing of the right-of-way 

and for access roads and structure placement site s .  Wherever possib le , 
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clearing of  the right-of-way will be limited to topping or removal of 

large tree s .  Even limited clearing in densely forested areas will open 

the canopy and result in the establishment of an earlier success ional 

community , primarily shrubs , grasses and forb s ,  in the right-of-way . 

Along the corridors where rare or threatened plant species might occur , 

clearing and other cons truction activities could result in the destruct ion 

of small populations unless they can be avo ided . Both corridors cross 

areas within Redondo Canyon where three species of plants cons idered 

rare in the S tate of New Mexico could occur (see Sect . 3 . 1 . 5 . 3 ) . The 

southern corridor crosses ponderosa pine areas south of Redondo Canyon 

where one other rare plant species , Malaxsis sou lei could occur ( Issacs 

1 9 7 9 c ) . Both corridors cross an area around Los Alamo s that could be 

habitat for the Federally lis ted and threatened Pedioaaatus papyraaanthus . 

Mitigation measures for possible effects on these plant species include 

surveys and subsequent avoidance of areas where populations are located . 

The State Heritage Program has approved these mitigat ion plans ( I ssacs 

1 9 7 9 a ,  1 9 7 9b ;  Sabo 1 9 7 9 ) . 

Impacts to wildlife species could occur from habitat alteration as 

a result of  right-of-way clear ing . The maj or port ions of  both corridors 

are within densely forested areas . Clearing along the right-of-way will 

result in habitat lo ss for wildlife species that depend upon clo sed

canopy forest . Forested habitat is abundant in the region and most 

closed-canopy species are likewise abundant and widely distributed in 

the vicinity of the corridors . Loss of  some individuals of most of 

these species as a result of hab itat alterat ion will not be significant . 

However ,  the Jemez Mountains salamander , a State-designated endangered 

species , requires mois t ,  densely fores ted areas.  Impacts to the 

salamander will be cons idered separately for each corridor in subsequent 

discussion. 

Creation of  an earlier success ional community along the right-of

way will bene fit a variety of  important wildlife species . The narrow , 

l ineal nature of  the right-of-way will result in an increase in habitat 

for "edge" species such as wild turkey and mule deer . Both the abundance 

and diversity of plant species that are valuable wildlife forage are 

greater in open-canopy situations such as that created along the 
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r ight-of-way. Transmission l ine construction will p robably result in 

increased forage for elk and deer in areas frequented by these species . 

The no ise and human activity associated with transmission l ine con

s truct ion will probab ly cause wildlife species sensitive to human presence 

to avoid the adj acent areas during construction and clearing . Some of 

these sensitive species include black bears ,  bob cat s ,  mountain lions , 

and elk.  Disturbance to these species should be l imited to the season 

o f  construct ion;  i t  i s  likely that the species will return to the area 

once the disturbance along the corridor cease s .  

Impacts on aquatic b io ta could occur a s  a result of  increased 

sedimentation caused from erosion from line construct ion . Erosion 

potential along both corridors is  discussed in Sec t .  4 . 4 . 1 . 3  on soil

related impact s .  Sedimentation potential i s  increased where the 

corridors cross  perennial s treams . Both corridors cross  Redondo Creek . 

Additionally , the southern corridor crosses the East Fork of the Jemez 

River and one link cro sses Frij oles Canyon in which a perennial s tream 

f lows . Crossings o f  these streams are discussed in further detail in 

subsequent sections devoted to each of the corridors specifically . 

Corridor 1 - Baca corridor 

The only perennial stream crossed by this corridor is Redondo 

Creek. L ine construct ion could incrementally increase erosion , resulting 

in sedimentation in the creek. Downs tream consequences of erosion and 

s iltation in the Redondo Creek/Jemez River watershed are discus sed in 

detail in Sec t .  4 . 1 . 4 . 2 . 

Corridor 1 cro s ses approximately 26  km of densely forested habitat , 

which will be altered by clear ing . From 1 . 5 to 2 . 5 km of  known hab itat 

for the Jemez Mountains salamander within Redondo Creek is  crossed . 

Port ions of the 7-km section of  the corridor in spruce-fir forest that 

descend the eastern slopes of the caldera ( see Sec t .  3 . 2 . 2 ) could also 

be potential salamander habitat . The salamander is  extremely dependent 

upon mois ture and rarely occurs in unshaded areas (Reagen 1967 , 19 7 2 ; 

Wh�tford Ecological Consultants 1975a , 1975b ; Williams 197 2 ) . Construc

t ion of the transmission line could result in a loss of hab i tat by 
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actual d isturbance of  the surface during clearing for tower placements 

or by removal of  the c losed canopy within the right-of-way . Recent 

s tudies have determined that the species is more abundant and widely 

d istributed within its range than was thought earlier . However ,  the 

fact remains that its range is extremely l imited . Because of the con

centration of salamander habitat within Redondo Creek , some loss of 

hab itat will be inevitable as a result of  cons truction of  the right-of

way. Disturbance of large areas of  salamander hab itat would be unde

s irable . Mit igation measures include surveys along the right-of-way to 

delineate areas of salamander concentrat ion and subsequent avoidance of  

these areas . These measures have been approved by the New Mexico Game 

and Fish Department . 

Corridor 1 crosses elk winter habitat in Redondo Canyon . It also 

crosses elk summer use areas on the Cerro del Med io and on the eastern 

r im o f  the caldera. The Cerro del Medio is an identified elk calving 

area . Construc tion of  the line will result in d is turbance to  elk in 

these areas during the season of  construction . 

Corridor 2 - southern corridor 

In addition to crossing Redondo Creek , the southern corridor 

crosses the East Fork of  the Jemez River , creating a potent ial for 

siltation in this watershed . Use of  a long span to cross these streams , 

which will remove the tower construc tion sites as far as pos sible from 

the stream banks , should reduce this potential . S iltation potent ial 

will be further reduced by the fact that there will be no clearing of  

stream-bank vegetation . Potential impacts of sedimentat ion in the Eas t 

Fork of  the Jemez River are d iscussed in more detail in Sect . 4 . 1 .  With 

use of sound practices outlined in USDOI , USDA ( 1 9 7 0 ) , siltation resulting 

from transmission line construc t ion should be minimal and should not 

signif icantly affect the aquatic biota in the Jemez River . 

Link D ,  an alternative link of  the southern corridor , crosses both 

arms of the upper Frij oles Canyon within the recent addition to Bandelier 

Nat ional Monument .  P otential erosion and subsequent increased sediment 

loads in the Frij o les  River would be of special concern to the National 

Park Service because this section of the monument was acquired to pro tect 
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the upper Frij oles watershed (Wirth As sociates 197 9 ) . By cros sing the 

canyon , especially the eastern arm of it , some tower s could be placed 

on relatively steep slopes , increasing the potential for erosion . The 

southern corridor cro sses about 35-38 km of forested habitat , which will 

be altered by right-of-way clearing. 

The southern corridor cro sses about 3 . 5  km of forested north-facing 

s lopes in Redondo Canyon that have been identified as excellent habit at 

for the Jemez Mountains salamander . The corridor avoids the type 

locality for the species occurr ing south of the Baca Location , where 

Reagen collected a number of  individuals (Reagen 196 7 , 1 9 7 2 ) , but it 

does cross other areas of potent ial salamander hab itat as described 

in Sect . 3 . 2 . 2 .  Impacts to the species and mitigation measures already 

have been discussed for the Baca corridor . In all , from 4 to 8 km of 

salamander habi tat is cros sed by the southern corridor . 

The southern corridor traverses both elk winter and summer habitat 

in Redondo Canyon and crosses elk winter habitat in the Banco Bonito 

area , south of the canyon . Additionally , the corridor crosses a heavy 

elk summer use area in the Santa Fe Forest ,  east of Bandelier Monument . 

In all , about 4 to 8 km of elk hab itat is crossed . Elk wi ll undoubtedly 

avoid this area during construct ion but may be attracted to the increased 

forage once cons truct ion ceases .  

Impacts to rare and endangered species 

As discus sed earlier , both corridor s cross areas where three species 

of plants considered rare in New Mexico could occur . These species are : 

Vio la pedatifida, Comus canadensis, and Lilium Phi lade lphieum, var . 

andiinum . The southern corridor crosses an area where ano ther New Mexico 

rare plant specie s ,  Malaxsis soulei , could occur . Both corr idors also 

cros s  an area around Los Alamos where the federally listed (as threatened) 

Pediocactus papyracanthus might occur . Mitigat ion of effects on these 

species include surveys along the proposed right-of-way and subsequent 

avoidance where possible of areas in which these species occur . These 

mitigation measu�es have been approved by the New Mexico Her itage Program 

(Is sacs 1 9 7 9 a ,  1 9 7 9b ; Sabo 197 9 ) . 
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Sections of both corridors cross known and potential habitat for the 

s tate-designated endangered Jemez Mountains salamander (PZe thodon neomexi

canu� ) . The details of potential impacts  on this species have been dis

cussed above for each corridor specifically . Mit igation measures ,  inc1ud·· 

ing surveys of salamander presence along the r ight-of-way and subsequent 

avoidance of salamander habitat , have been approved by the New Mexico 

State Game and Fish Department (Olson 19 7 9 , Pi1z 19 7 9 ) . 

Both corridors are sufficiently distant from identif ied peregrine 

falcon eyries to preclude impacts  on these b irds ( see Sect . 3 . 1 . 5 . 3 ) ; 

however , neither corridor has been surveyed for presence of  peregrine 

eyries . Because the Jemez Mountains are favorable breeding hab itat for the 

peregrine , such a survey should be conducted before a route is selected 

to ensure that impacts to this federally des ignated endangered species 

do no t occur . 

4 . 4 . 1 . 3  Soil-related impacts 

The maj or soil-related impact of  concern is erosion . The following 

is a general discussion o f  eros ion potent ial along both transmission 

corridors based on the general information available regarding soil types 

along the corridors (see Sect . 3 . 2 . 3 ) . Before actual construction 

commences , a detailed engineering and soil s tability survey will be 

conducted along the r ight-of-way to identify soils that would be unsuitable 

for construction. Such soils would be avo ided in transmission l ine 

cons truction. Mit igation of eros ion-related impacts  is best achieved by 

such avoidance wherever possible . Also appropriate are erosion control 

methods outlined in the U . S .  Department of  Agriculture and U . S .  Department 

o f  the Interior (1970)  cr iter ia .  

Corridor 1 - Baca corridor 

The erosion potential of  the various soil mapping unit s  along the 

Baca transmission l ine corridor can be described best as moderate . 

Although erodibi1i ties range from slight to severe , 60% of the soils 

show moderate erosion potent ial and slight to moderate general sensi

t ivit ies . The soils are typically deeper and slopes more gradual than 

along the southern corrido r .  
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Corridor 2 - southern corridor 

The erosion potential of soils along the southern transmission 

corridor ranges from slight to severe . The maj ority of the soil unils 

( 60%) are charac ter ized by moderate erodib ility . The overall sensitivi-

t ies of these soils to transmission l ine construct ion , however , are not 

restricted to erosion potent ial . Depth to bedrock is  often very slight , 

with numerous rock outcrops , and shrink-swell po tential exceeds desirable 

limi ts for a number of so ils . Fifty-seven percent of the soils along the 

southern route have general sensitivity ratings of severe ,  indicating a 

reduced suitability for l ine construction. 

4 . 4 . 1 . 4  Impact s  o n  archaeological and cultural resources 

Because neither corridor has been surveyed for archaeologic resources , 

impac ts  on these resources cannot be pred icted . Both corridors have poten

t ial for encounter ing archaeologic remains ; the potent ial is greater along 

the southern corridor because it is longer and because it crosses more 

potentially archaeologically rich area s ,  inc luding a portion of  Bandelier 

Monument . Mitigation of impacts on ar chaeological and cultural resources 

by avoidance is  almost always possib le , except in cases of extraordinary 
. . 

site densi ty .  Before the transmiss ion line is constructed , PNM will 

conduct a detailed archaeologic f ield survey and will route the trans

mission line to avoid s ites located by the survey . The mit igation plan 

will be approved by the State Historic Preservat ion Officer . 

Construction of the line along the southern corridor will involve 

a Nat ional Register site - Bandelier Nat ional Monument , lis ted in the 

Nat ional Register of Historic Places . A determination of no adverse 

effect would be required by the National Advisory Council before an 

easement to utilize the southern corridor could be grant ed . Su.:h an 

easement , if grant�d , would undoubtedly carry strong s tipulations re

garding avoidance of cultural and archaeologic resources . 

Also , construction of  the line along eith�r corridor will impac t 

property regis tered on the Nat ional Registry of  Natural Landmarks -

the Baca Location /Valles Caldera . The Baca corridor will cr03S  frorn 

20-23 lull of  the landmark ; the southern corridor will cross 1 0 . 5  km .  
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The transmission line will add further to  the alteration o f  the largely 

undeveloped natural s tate of the landmark, as discussed in S ec t .  4 . 1 . 1 . 

4 . 4 . 1 . 5  Visual impacts 

The visual resources of the study region surrounding the c orridors 

is described in Sect . 3 . 1 . 9  and 3 . 2 . 5 .  Determination o f  potent ial visual 

impacts takes into consideration two factors : the quality of  the view 

to be affected and the sensitivity and number of people enj oying the 

view. The Baca Location and the surrounding public lands contain many 

excellent visual resources , including one of  the world ' s  largest calderas . 

The contrast o f  the open rolling vaZ Zes3 forested mountains , and often 

snowcapped peaks provide superior views . Although portions of  the Santa 

Fe National Fores t  and the Baca Location have had a long his tory of  

logging , the general impression o f  the view from the main travel routes 

and recreational use areas is  one of  an undeveloped natural area . The 

great maj ority o f  the people who come to the J emez Mountains come for 

recreation and sight seeing and are l ikely to be sensitive to visual 

intrusions of the cleared r ight-of-way , lines , and towers into  the 

natural setting . 

Some ind ication of  potential visual impact is possible from a con

s ideration of the proportions of the corridors within each of the four 

v isual quality management obj ective clas ses . Table 3 . 20 summarizes the 

percentages of each corridor within the four management obj ective classes . 

Generally , a corridor located with a maj or portion of  its length in areas 

that fall within the two highest classes of retent ion and part ial retention , 

is  likely to have greater visual impact than a corridor that crosses 

primarily modi f ication or maximum modification areas . Over 66% of  the 

s outhern corridor crosses retention and part ial retention areas ; 26% of  

the Baca corridor cros ses retention and partial retention areas . How-

ever , in some cases , an area having a greater variety of  features (and 

thus having a higher visual management obj ective classificat ion) would 

be better able to ab sorb disturbance ,  such as that related to a trans

mission line , without as noticeable a visual int rusion as a homogeneous 

landscape.  
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A better quantif ication of  visual impact is consideration of  the 

number of travel routes and use areas from which portions of the trans

mission line would be visible. Also important is a determination of the 

length of the l ine that will be visible and from what viewing distance . 

The following is a discussion of visual impacts for each of the proposed 

corridors.  Table 4 . 6 summarizes visual considerations for both corridors 

and provides average daily traf f ic estimates for affec ted travel routes .  

Mitigation o f  visual impacts i s  be& t achieved b y  routing the r ight

o f-way through the least-vis ible sec t ions of the corridors . PNM and Union 

have contracted a computer-generated visual analysis of the region 

surrounding both corridors to identify areas visible to the least number 

of locations in sensitive use areas (Paulson 19 7 8 ) . Further mit igation 

of visual impac ts  will be achieved by adhering to the construction 

practices and techniques of right-of-way screening outlined in the U . s .  

Department of  the Interior and U . s .  Department of  Agriculture (1970)  

criteria for transmission facilitie s .  

Corridor 1 - Baca corridor 

Almos t  the ent ire section of  the Baca corridor across  the private 

Baca Ranch is  screened from views from public use areas and NM-4 to the 

south by the forested domes within the caldera . A portion of the 

corridor (about 0 . 5 krn) crossing Jaramillo Creek will be visible from 

the NM-4 scenic overlook of  the Valle Grande at  a distance of  about 6 . 5  krn .  

Much o f  the Baca corridor on the private land would b e  vis ib le from 

Pueblo religious s ites on Redondo Peak ( the mountain)  and may be vis ib le 

from o ther sacred s i tes on the Baca Ranch . 

Visual impac ts  of  the 7-krn section of  the Baca corridor within the 

Santa Fe National Forest east of the Baca Ranch will be moderate to 

severe .  This section of  the forest was designated b y  the USFS to be a 

s cenic area of  heavy recreational use (Forest Service 197 7 ) . All routes 

descending the densely forested slopes of  the eastern caldera rim are 

visib le from the Paj arito Ski area and from port ions of Los Alamos . The 

Baca corridor will be visible from both the ski area and the day-use area 

at Camp May (see Table 4 . 6) .  The corridor crosses the Guaj e Trail , which 



Table 4.6. Visual consideration of the two proposed transmission corridors 

Corridor 1 - B aca corridor 

Trave l  routes 
crossed 

F R - 1  Camp May R oad ( 1 )a 

N M -4 a l t_ ,  W_ Jemez Rd_ ( 1 )  
Total 

Average da i ly  
traffic 

747 
1 1 56 
1 903 

Travel rou tes Length V iew Average dai ly 
para l le led (km)  d istance ( km )  traffic 
� . - �  - -- -_._ . . .  _ ... 

F R - 1  Cam p May Road ( 1 )  5.0 0. 5 747 
N M-4 alt . ,  W. Jemez Rd.  ( 1 ) 2 .5 1 .0 1 1 56 

V is ibi l ity from Length of V iew 
use areas l ine ( k m )  d istance ( km ) 

N M -4 overlook to 
Va l l e  G ra nde 0. 5 6 . 5  

Gauje Trai l  2. 5 0. 5 
Camp M ay 3.0 1 . 0  
S k i  Area 3.0 1 .0 

aSensitivity rating of road crossed i ndicated wi th in parentheses. 
b Not ava i la ble. 

Corridor 2 - southern corridor 

Travel routes 
crossed 

N M -4 near Las Conchas ( 1 ) 
F R -280 Peralta ( 2 )  
F R -268 B land (2 )  
F R -289 ( Dome) ( 1 )  
N M -4 near F R -289 ( 1 )  
N M-4 a lt.,  W. Jemez R d .  ( 1 )  

Tota l 

Travel routes Length 
para l l e led (km)  

F R -289 ( 1 ) 6 .5  
LASL access 5.0 

- -- - - - - _._---_ .. 

V is ibi l i ty from 
use areas 

East F ork Jemez 
Las Conchas Cam p  
Pin ic  area a t  F R -289 

& F R -287 

V iew 
d i stance ( km )  

1 .0 
0 . 5  

Length of 
l i ne ( k m )  

0.3 
0.3 

0. 5 - 1 .0 

Average da i ly 
traffic 

56 1 
b 

30 
1 02 
665 

1 04 5  
2302 

Average da i ly  
traffic 

1 02 
b 

V iew 
distance ( k m )  

0.5 
1 .0 

0.5 

Sou rce : Pu bl ic Service Company of New Mex ico, 1 9 79. En vironmen tal Assessment of A lternative Transmission Line Routes for the Baca 

Geothermal Project. 

� I -..,J w 
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receives considerable use by hikers.  The corridor also crosses FR-l 

(Camp May road ) , which accesses the ski area , and parallels the road 

for a distance of  about 5 km.  However ,  because heavy t imber encloses 

the road and trail for much of their distance , the cross ings of both the 

trail and the road will only be visib le briefly .  Over much of the dis tance 

along which the corridor parallels the Camp May road , it should be possible 

to hide the corridor from view o f  the road by maintaining a screen of 

t imber between the road and the l ine . 

As the Baca corridor crosses into the LASL reservation it  crosses 

NM- 4 alt . (West Jemez Road ) , the ent ire length of  which has been proposed 

as a stat e  scenic highway . The road is  crossed in a high use area 

(average daily traffic of 115 6 ) . However , the immediate area surrounding 

the crossing has already been altered by activities assoc iated with the 

LASL reservation . The Baca corridor will cross at leas t  two access roads 

within the LASL reservation . The visual impact of these crossings are 

considered less severe . 

Corridor 2 - southern c orridor 

From 26  to 2 9 . 9  km of the southern corridor crosses pub lic lands 

where visual impacts on recreat ional use of these lands are likely . 

About 4 km of the corridor is within a portion of the Santa Fe Forest 

which the USFS has des ignated as a highly scenic area of heavy recrea

tional use and recommended that it be excepted from geothermal develop

ment (United States Forest Service 197 7 ) . That port ion of the corridor 

that extends along Redondo Canyon and exits the canyon across Banco 

Benito will be visible from Redondo Peak ( the mountain) . How much , if  

any , o f  the corridor will be vis ible after it crosses Banco Benito or  

how much of the corridor will be  vis ible from the summit of  Redondo Peak 

is not clear . The southern corridor will be visible from pub l ic use 

areas along the East Fork of the Jemez River , at the Las Conchas Camp

ground , and at an informal p icnic area near the j unction of  FR-289 and 

FR-287 (see Table 4 . 6 ) . Views at the river and campground are partially 

enclosed by t imber , and the l ine should be seen only briefly. 

The southern corridor crosses NM-4 twice : once near Las Conchas 

Campground and once near the j unct ion with FR-289 (Dome Canyon Road) 
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within Bandelier Monument .  All of  NM-4 has been proposed as a s tate 

s cenic highway. At the Las Conchas crossing , the l ine will cross above 

the viewer and , at mos t ,  only two structures and the conductor will be 

noticeable. If the drainage is  followed south of the road , structures 

will be in s ight to eastbound travelers but will probably go unnot iced 

because dense t imber will background them and because the area will be 

cleared only minimally . The drainage alignment would go virtually un

noticed by wes tbound travelers .  At the NM-4 crossing near FR-289 , how

ever , s tructures will be more at viewer level , surrounding trees are less 

dense , open meadows occur in the area , and more of the l ine will be 

visible for a longer period of t ime . 

The southern corridor crosses a southern leg of  FR-268 , at a sensi

t ivity two travel route location.  The corridor also crosses FR-268 near 

its  j unction with FR-289 , a sensitivity one location . Both crossings 

will be in dense t imber ; the l ine will emerge from the forest and re

enter quickly. This , combined with the twis t ing nature of the roads , 

will result in only brief vis ibility of  the l ine at  the crossings . The 

corridor also parallels about 6 . 5 km of  FR-289 (Dome Road ) within Bande

lier Monument . Along this road , the forest is dense in some areas and 

sparse in others .  In many places along the road , the viewer looks 

through a thin curtain of trees at the landscape beyond . In this 

s i tuation , a transmission line with adequate backgrounding will be 

s ignificantly less visible . 

After leaving the Bandelier Monument ,  the southern corridor crosses 

NM-4 alt . (West Jemez Road ) . Unlike the crossing of this road by the 

Baca corrido r ,  this corridor crosses in an undeveloped area . The trees 

on both s ides of the road will hide the structures ,  but because the 

road is s traight , the conductors and possibly the structures will be 

visible from about 0 . 5  km away. 

Within the LASL reservation , the southern corridor parallels an 

access road for about 5 km .  The corridor also crosses at least three 

o ther access roads  within the reservation before reaching the TA-3 

substation. 
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4 . 4 . 2  Impacts of operation 

Other than continuing visual impacts , operatfon of the transmission 

line should have no signif icant effect on land use . Recent s tudies con

cerning the effects of corona discharge , electro s tatic and electromagnet ic 

coupling effects , audible nois e ,  ozone generation , and radio and television 

inter ference from high-voltage lines indicate little cause for concern at 

voltages as low as lIS kV (U . S .  Rural Elec trif ication Administration 1976 , 

Power Technologies , Inc . 1978) . 

The Pub lic Service Company plans to close and restore any access 

r oads immediately upon completion of construction . No access  road will 

be maintained for routine line inspections ; these incursions will be 

accomplished by helicopter . Any access that may be opened for maintenance 

purposes will be closed and res tored immediately after repair is accom

plished . However , because of the recreational popularity of the region 

surrounding the corridors , some unauthor ized use of the right-of-way is 

inevitable . Inasmuch as no road will be maintained along the right-of

way , most of the unauthorized use probably will be by hikers , cross

country skiers , and , possibly , snowmobile user s .  

The southern corridor holds the greatest potent ial for such un

author ized use because it provides the greatest access to the transmission 

corr idor from NM-4 . Access  to the Baca corridor , in contrast ,  is limited 

because of  Baca landowner ' s  constraints .  The greatest  impact from 

unauthorized entry would be on archaeological resources from i llegal 

collect ing or "pot-hunting . "  Because of the high site density along the 

southern corr idor , as well as access via NM-4 , impacts would be expected 

to  be greatest along this route . 

No herbicides will be used for right-of-way maintenanc e .  The 

conductors are sufficiently far apart on 11S-kV lines to preclude the 

pos sibility of raptor electrocution deaths (Miller , Boeker , Thur sell , and 

Olendorff  19 7 5 ;  U . S .  Department of Agriculture 1 9 7 2 ) . The primary 

impacts to wildlife result ing from operation of the transmission line 

would be those connected with unauthorized use of the right-of-way. 

Harassment of wildlife ,  especially by loud snowmob iles , and illegal 

hunting could be encouraged by the increased access provided by the 

line . 
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4 . 4 . 3  Comparison of  corridors 

Table 3 . 20 provides a summary of  environmental considerations for 

both corridors . The southern corridor is 20% longer than the Baca cor

r idor . Land use impac ts  for both corridors are of a similar type , how

ever , overall land use impacts  will be greater along the longer southern 

corridor . The Baca corridor affects more private land ; the southern , 

more public land . Both corridors cross s imilar lengths of  grazing and 

timber production lands ( 2 7-30 km for the Baca ; 25 km for the southern) . 

The southern corridor crosses 18 . 5  to 21 . 5  km of  public recreation lands , 

inc luding a 3 . 5- to 6 . 5-km track of  the Bandelier National Monument 

under consideration for an add it ion to a wilderness area . The Baca 

corr idor crosses only 7 km of public recreation lands . The southern 

corridor also crosses a planned residential area.  

Both corridors cross forested areas for  a maj or portion of  their 

lengths ; however , because the Baca corridor utilizes some meadows and clear

cut areas on the Baca Ranch , the corridor is within densely fores ted areas 

for only about 75% of its length (approximately 25 km of forested area) . 

The southern corridor is almos t  completely within dense forest s .  The 

t imber stands crossed by the southern corr idor are ,  for the most part , 

more dense and more mature and will require more clearing than the t imber

lands crossed by the Baca corridor . Both corridors cross  areas where 

rare plant s could occur . 

The two corridors will cross elk-use areas of  s imilar d imensions ; 

the Baca corridor cros ses an ident ified elk calving area . Both corridors 

cross identified and potent ial habitat for the Jemez Mountains salamander . 

The Baca corr idor crosses about 2 . 5  km of  identified habitat and an 

additional 5 km of  pos sible habitat.  The southern corridor crosses 

about 8 km of  identi f ied salamander hab itat . 

The erosion po tential along the southern corridor is greater than 

along the Baca corridor . Certain areas of volcanic-ash soil along the 

southern corr idor have high erosion potent ial . The southern corridor 

crosses more canyons and , thu s ,  more sensitive s ide slopes than the 

Baca corridor . The sedimentat ion potent ial is also greater along the 

southern corrido r ,  both because of the greater erosion potent ial and 
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because the southern corridor crosses three perennial s treams , whereas 

the Baca corridor crosses only one . 

The southern route has a greater potent ial for encountering archaeo

logic resources .  Also , the southern co rridor crosses Bandelier National 

Monument , a nat ional historic site . The southern corr idor was found to be 

unacceptable by the U . S .  Forest Service (comment let ter Sep t . 6 ,  19 7 9 ,  

p .  1-42 ) . Both corridors cross  portions of  the Valles Caldera Nat ional 

Landmark (Baca corr idor , 20 to 23 km ; southern corr idor , 10 . 5  km) . 

Finally , the impact on visual resources is greater along the 

southern corridor . The southern corridor crosses more trave l routes 

than does the Baca corridor . Even though the Baca corridor crosses 

the more heavily used roads , the to tal average daily traf f ic for all 

roads cros sed by the Baca corr idor is 1903 , whereas that for all roads 

crossed by the southern corridor is 23 02 . Although both corridors will 

be vis ible from the same number of recreat ional use areas , the Baca 

corridor is in a more developed area , in the sense that the ski area 

is , itself , a man-made alteration of the landscape . A transmission 

line near the ski area will repeat much the same linear features as 

the cleared slopes and tow-line s .  

Overall , the southern corridor i s  much more environmentally 

sensitive than the Baca corr idor . All other things being equal , the 

southern corr idor would represent greater environmental impact simply 

b ecause it is 20% longer . However ,  this analysis indicates that for 

all categories of  impact , those associated with the southern corridor 

are greater to an extent out of proportion to its greater length. 

4 . 5  IMPACTS OF FUTURE EXPANS ION BEYOND 50  MW 

In the event that generating capacity on the Baca Ranch is expanded 

beyond the propo sed 50-MW plant , the expansion would likely occur in 

in tervals of 5 0  MW. The init ial 150 MW of capacity will probably be 

s ited in Redondo Canyon . The location of subsequent power plants beyond 

150  MW may be anywhere within the western port ion of the Baca Ranch , 

but has been as sumed to be concentrated in Sulfur and Alamo Canyons for 

this analysi s .  The impacts of a po tential expansion of generating 
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capacity are addressed below separately as they relate to  150 MW in 

Redondo Canyon and an add itional 250  MW in Sulfur and Alamo Canyons .  

4 . 5 . 1 150 MW 

Impacts of  a total of  150 MW of  generating capacity , �e discussed 

in the following sections as they relate to  land use , air quality , 

groundwater hydrology , water quality , b iological resources , socio

economic considerations , and :ultural resources . In mos t cases , the 

impacts of 150 MW will be similar to those discussed for the initial 

50 MW ( Sect�. 4 . 1 through 4 . 3 ) , but will be increased threefold . An 

exception is transmission line impacts ; no added transmission facilities 

will be necessary up to 150 MW. 

4 . 5 . 1 . 1  Land use 

An additional 100 MW of  generating power in Redondo Canyon will 

require two additional wel l  f ields of  about 300 ha ( 740  acres)  each , 

f or a total area of 900 ha ( 2220  acres ) in Redondo Canyon devot ed to  the 

well f ields for 150 MW. Of  this area , from 10 to  20% will be actually 

dis turbed in connection with construction of additional roads , well 

pads , p ipeline rights-of-ways , and s ites for two more power plants and 

related facilit ies . Therefore , a maximum of  180 ha ( 440 acres ) in 

Redondo Canyon could be disturbed by development to  150 MW. 

If  the Baca Ranch remains in private ownership , it  is assumed that 

this land commitment for geothermal development will not conflict with 

the private owner ' s  use of the land because of the leasing agreement 

reached between the owner and the commercial par tners . Cons idering the 

location of the new power plants in Redondo Canyon , the impacts of the 

add it ional 100 MW on surrounding public lands should be s imilar to those 

discussed for the ini tial 50 MW also in Redondo Canyon . The new plants 

and well f ield s ,  cooling towers , and plumes should not be visible from 

exis t ing public recreation areas.  The impacts on recreational users of  

public lands and surrounding residential areas from construction related 

traff ic and noise will be s imilar to those discussed for the initial 
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50 MW (Sect . 4 . 1 . 1 ) , but will be extended over more seasons as the 

additional 100-MW plants are constructed . Development of the proposed 

SO-MW plant already represents a change in character of a port ion of  the 

Valles Caldera/Baca Location National Natural Landmark from that of a 

relatively natural setting to that of an industrial use . The additional 

100 MW in Redondo Canyon would increase the possib ility of altering the 

s tatus of the landmark. 

Noise from operation of the additional two power p lant s and cool ing 

towers should not be det ectable at the nearest residence ( see Sect . 4 . 1 . 1) . 

The increased emission of hydrogen sulfide from two additional SO-MW 

units in Redondo Canyon should not result in H2 S detectab le odor at the 

nearest residence or at public recreation areas ( see Sects . 4 . 1 . 1  and 

4 . 5 . 1 . 3 ) .  

4 . 5 . 1 . 2 Hydrologic 

Field development to 150 MW will increase the expected hydrogeologic 

impacts , but to an unknown degree . Additional product ion to this st age 

of development will be contained within Redondo Canyon ; therefore , it 

is assumed that reservoir properties ident ical to those known will be 

encountered . The addit ional impacts will be dependent upon reservoir 

and fracture geometry and the d irect relationship ( linear or otherwise)  

existing between geothermal reservoir pressure decline and sub sequent 

effects on regional shallow groundwater systems . The s imp lest way to 

estimate ant icipated hydrogeologic impacts is to assume that a l inear 

relationship exists  between the deep and shallow systems , the previously 

determined flow depletion in the Jemez River system as a result of 

geothermal product ion are reasonable estimates , and all of the est imated 

fluid in p lace in the reservoir is recoverable ( it is not ) . 

By multiplying the impacts of SO-MW development by a factor of 

3 ,  with plant s coming on line at five-year intervals , it is possible 

to derive flow depletion based on ar senic dilut ion ratios along the 

Jemez River of 0 . 32 ,  0 . 89 ,  and 1 . 46 liters / sec (5 . 07 ,  14 . 11 ,  and 

2 3 . 14 gal/min) at 10 , 2 0 ,  and 30 years of plant operation . Other factors 

remaining constant and using chloride ,  bromide , boron , and lithium ratios , 
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the Jemez River d ischarge could be reduced by as much as 0 . 4 0 ,  1 . 10 ,  

and 1 . 81 liters/sec ( 6 . 34 , 17 . 44 ,  and 28 . 69 gal /min ) at 10 , 20 , and 

30  years of plant operation. For the period 1960-l9 7S , the minimum f 1 0w 

of  the Jemez River was 9 3  liters/sec ( 3 . 3 cfs) , the maximum flow was 

29 , 200 liters/sec (1030 cfs) , and the mean annual flow averaged 

8S0  liters/sec ( 30 cfs) . The mean annual flow ranged from 4S0 to  

l8S0 liters/sec (16  to 6 S  cfs)  for the per iod 1960-l97 S .  Development 

to ISO MW is expected to further reduce the flow from Jemez and Indian 

Springs ; however , the magnitude of  the reduction is unknown . This 

reduct ion will affect the use of these springs for bathing . Refer to 

Sect . 4 . 2 . 2 . 2 .  for impacts related to SO-MW (e) development . 

The geothermal reservoir would not be depleted for approximately 

220  years with expans ion to ISO MW ,  assuming that production is limited 

to ISO MW and the three SO-MW plants come on line at five-year intervals .  

Reservoir temperature and fluid quality will be degraded by the additional 

plant production. Preliminary calculations are that the total d issolved 

solids in the reservoir fluid could be increased from 6093  ppm to perhaps 

7 92 0  ppm,  and the temperature could decrease to  2 6 2 ° C  (S03 °F) within 

30 years of the beginning of operat ion of the first SO-MW plant . 

Geo thermal reservoir pres sure can be expected to decrease from 13 , 780  kPa 

( 20 00 ps ia) to S , 900 kPa ( 8S6 psia) over the 30  years following the 

f irst SO-MW plant product ion s tar tup . 

4 . S . l . 3  Air quality 

The location of  three 50-MW units in Redondo Canyon would increase 

the air quality impacts on the order of three times that of a s ingle unit . 

Because the units will probably be spread apart , the combined impact may 

be somewhat less than add itive . However , without knowing the probab le 

positioning of the units , the estimate for hourly daytime concentrations 

over the peaks on the wes tern edge of the reservat ion is approximately 

6 ppb . Assuming an isothermal lapse rate within the nocturnal drainage 

layer , the hourly concentration occurring at NM-4 to the southwest as a 

result of  the lSO-MW plant located in Redondo Canyon should be 

approximately 2 ppb . I f ,  however , the plumes become trapp ed within the 
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drainage layer , hourly concentrations at this location might reach 60  to 

70 ppb . As s tated previously , the revised s tate s tandards for hydrogen 

sulf ide are 10 ppb at the property line on a I-hr . averaged sample with 

one excurs ion per year permit ted of up to 35  ppb on a l-hr averaged sample . 

4 . 5 . 1 . 4  Impacts to  biota 

Terrestrial 

Disturbance to vegetation for a total of 150 MW will be increased 

threefold over that for 50 MW. The locations of future well pads , roads , 

p ipelines , and power plants are not yet known , so that a determinat ion 

of dis turbance to specific vegetation types is not possible . The 

extent of adverse biological impact will depend upon which habitat 

types are af fected . As d iscussed in Sect . 3 . 1 . 5  and 4 . 1 . 5 ,  north-

facing spruce-f ir talus slopes are habitat for the Jemez Mountains 

salamander , south-facing scrub-oak slopes are winter elk habitat , and 

riparian areas could include hab itat f or rare plants .  The increase in 

disturbances for add itional well f ields and power plants will necessarily 

increase the likelihood for some disturbance of these important habitats .  

Even with mitigation measures (outlined in Sect . 4 . 1 . 5 ) , some addit ional 

d is turbance will inevitably occur to salamander habitat because of the 

abundance and wide distribution of this habitat type throughout Redondo 

Canyon . The potential impacts on elk use o f  Redondo Canyon resulting 

f rom disturbance and human presence were d iscussed for 5 0  MW ( Sect . 4 . 1 . 5 ) . 

The addit ional vegetation disturbance, noise , and human presence at 

150 MW may totally preclude elk use o f  the south-facing slopes o f  Redondo 

Canyon , result ing in loss of this area of winter habitat to the Jemez 

elk herd.  

The increase in hydrogen sul fide emissio�s from expansion to 150 MW 

should result in ambient hydrogen sulfide concent rat ions well below the 

levels that would af fect b iota . S imilarly , salt drift f rom two 

ad ditional cooling towers should have negligible effects on surrounding 

b iota (see Sect . 4 . 1 . 5 ) . 
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Aquat ic ecology 

The impacts o f  erosion and sed imentat ion on Redondo Creek and the 

Jemez River system have been d iscus sed in Sect . 4 . l . S .  For an additional 

1 00 MW in Redondo Canyon, the potent ial for erosion and resultant sedi

mentat ion o f  the creek will be increased threefold f rom that at SO MW .  

I f  water f o r  drilling the addit ional 100-MW well is taken f rom Redondo 

Creek , the reduction in surface flow could severely impact the creek ' s  

aquat ic sys tem. Normal operation o f  ISO MW of power in Redondo Canyon 

will not impact surface water quality be�ause all geothermal fluid 

will be reinj ected . However , the potential for accident s during drilling 

and operation of the power plants is necessarily incr2ased threefold 

at ISO MW. Impacts of an accidental release to  surface water are d is

cus sed in Sect . 4 . 3 .  

4 . S . l . S  Socioeconomic 

The expans ion to ISO MW ,  assuming sequent ial cons truct ion , would 

result in essent ially the same level of impact as the original SO-MW 

plant to the region around the plant , but over a longer period . Because 

the lS O-MW facility will be constructed in SO-MW increments , wo rkforce 

s izes , payrolls , materials delivery . etc . , would all be s imilar to those 

for the SO-MW plant needs . 

The impacts on the site it self could be greater be cause o f  the 

increased land areas involved . The ac tual increased size o f  the plant 

would result in greater chances o f  conflict with archaeological sites or 

Indian religious s ites . 

Expansion to l50-MW generat iClg c3.pac.ity 'Would probably be confined 

t o  Redondo Canyon . No new transmission line would be required . The mos t  

likc::ly 1r;1.pact would b e  the possible loss of religious sites a s  the 

geot�ermal well f ield expands .  Howr.�ver ,  the Redondo Peak shrine would 

rema in remo te from geo thermal operations . Larger nuricbers o f  llop-:;:ndians 

would be cnnt inously prs sent in the area , making the practice of secret 
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aspects of their religion increasingly difficult for the Indians . Some 

sacred sp rings and o ther water sources fed by geothermal fluids may be 

depleted to a greater extent by the additional geo thermal development . 

4 . 5 . 2  Expansion beyond 150 MW (up to 400 MW) 

Expansion beyond 150 MW will involve additional areas of the Baca 

Ranch . Probably , the additional 250 MW will be placed somewhere within 

Sulfur Canyon , Alamo Canyon , San Luis Canyon , Valles Seco , and , possib ly , 

port ions o f  the Valles S an Antonio . Because development to this capacity 

is still merely speculative , the locat ion of future facilit ies cannot be 

predicted . The following is a very general discussion of po tent ial 

environmental consid erat ions relating to expansion in this wes tern 

portion of the Baca Ranch .  For expansion beyond 150 MW ,  additional 

transmis sion facilit ies will be required , probab ly in the form of one 

345-kV line . Environmental considerat ions of the added transmis sion 

facilities are discussed in Sec t .  4 . 5 . 3 .  

4 . 5 . 2 . 1 Land use 

Expans ion of future generating capacity to 400 MW could involve 

2400 ha ( 9 . 2  square miles ) for the well fields (based on a similar land 

commitment as that for the initial 5 0  MW) . This land commitment does 

not include that devoted to a second transmiss ion line right-of-way for 

a 345-kV line (descr ibed in Sec t .  4 . 5 . 3 ) . From 10 to 20% of the land 

d evoted to well fields could be disturbed by well field development and 

power plant construction for a maximum of 240 ha ( 1  square mile) dis

turbed . It is assumed that much of the land initially dis turbed during 

well field development would subsequently be revegetated . 

Development to 400 MW could affect portions of Sulfur , Alamo , and 

San Luis Canyons and Valles Seco and Valle San Antonio . Some of these 

areas are currently used for grazing ; therefore , the vegetat ion d is

turbances and act ivities assoc iated with well-field development could 

p reclude some grazing land . If the Baca Ranch is still under present 

private ownership , it is assumed that future development would proceed 
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with the knowledge of  and consultat ion with the private landowner . 

Because of  this , conflicts with the private uses are assumed to be 

minimal . 

Conflicts with use of surrounding public recreational areas could 

sharply increase beyond 150 MW .  The locat ion of new well f ields and 

power plants with the attendant cooling tower plumes and new transmission 

facilities could be such that they are visible to users of  the adj acent 

Santa Fe National Forest or to residents of second home developments on 

private inhold ings wi thin the forest . Noise , traf f ic , and increased 

hydrogen sulf ide emiss ions , possibly beyond the odor threshold at nearby 

residences and public recreation areas , would be addit ional sources of 

adverse effects on these land use s .  Expans ion to 400 MW would in all 

probab ility degrade the character of  the present Valles Caldera /Baca 

Location Natural Landmark such that its s tatus could be revoked or new 

boundaries redrawn to exclude the wes tern port ion under development .  

S imilarly , if the Baca Ranch should enter the public domain , geo thermal 

development s up to 400 MW could be incompatible wi th use of the western 

portion of the Valles Caldera as a nat ional or state park or recreation 

area .  

4 . 5 . 2 . 2  Hydrologic 

Field development to 400 MW would increase the anticipated hydro

geologic impacts and severity in affected areas . However , the nature 

and degree of these impacts canno t be assessed with existing data.  

Expansion beyond 150 MW would entail development and fluid pro

duc tion in Sulfur and Alamo Canyons . It has been stated (Sect . 3 . 1 . 2 . 3 ) 

that a s team-dominated reservoir exists in these areas . The size and 

nature of  this reservo ir is  not known . Furthermore , the relat ionship 

or interconnect ion ( if any) between this reservoir , the fluid-dominated 

geo thermal reservo ir underlying Redondo Canyon , and shallow groundwater 

systems and discharge points (Jemez River) is no t known at this time . 

Provided that such connections exist , previously determined adverse 

impacts to other hydrologic systems could be substantially increased by 

additional development to 400 MW .  Withdrawal of  add it ional land s from 
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irrigation may be required to o f fset the imp acts of expanded development 

on the Jemez River . 

Reservoir fluid quality , temperature , and p res sure will be adversely 

affected by development to 400 MW, but the degree to which this will 

occur is as yet undetermined . 

4 . 5 . 2 . 3 Air quality 

If another 250 MW of capacity ( the remainder of the 400 MW) were 

to be located in Sulfur Canyon , the result ing concentrat ions would be 

approximately 25 0 / 150 t imes the concentrations from 150 MW o f  capacity , 

that is , hourly daytime concentrations o f  approximately 10 ppb , hourly 

nighttime concentrations of approximately 3 ppb (assuming an isothermal 

lapse rate within the drainage layer ) and hourly nighttime concentrat ions 

o f  100 to 120 ppb , if the plumes become trapped in the drainage layer . 

This estimate assumes that what is known about wind regions in Redondo 

Canyon will apply also to Sulfur Canyon . The possib ility that the 

p lumes from Sulfur Canyon and from Redondo Canyon could merge should 

be kep t in mind , although not enough is known about the local wind field 

to speculate on this possib ility . However ,  if the p lumes in both 

canyons were to be trapped in nocturnal drainage layers , they would be 

quite likely to merge . In this event hourly concentrations of 

approximately 180 ppb in the region of NM-4 to the southwest of the 

reservation could occu r .  

4 . 5 . 2 . 4  Impacts on eco logical sys tems 

Expansion beyond 150 MW will involve portions o f  the wes tern Baca 

Location that have not been extens ively inventoried for their biological 

resources . The following discussion is based on limited knowledge o f  

these areas from earlier b iological s tudies ( summarized in Sect . 3 . 1 . 5 ) . 

Without detailed informat ion regarding vegetation and wildlife habitat 

and location o f  future well f ield s  and generating facilit ies , biological 

impacts of expans ion to 400 MW can only be discussed very generally . 
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Terrestrial 

Expansion to 400 MW could involve a total of 2400 ha ( 9 . 2 square 

miles) for the well f ield s .  From 10 to 20% of the vegetation of the 

well f ields will be disturbed in connect ion with well-field develop-

ment and power plant construction. Therefore , a maximum of about 240 ha 

( 1  square mile) could be disturbed on well f ield s  scat tered throughout 

the wes tern portion of the Baca Location. The extent of adverse impacts 

will depend upon sensitivity of  the vegetation d isturbed , success ive 

revegetation , and the extent of disturbance to important wild life habitat . 

Well-f ield development and power plant construc tion to 400 MW could 

affect consideraly greater port ions of Jemez Mountains salamander habitat 

that may exis t  outside of  Redondo Canyon but is yet to be ident ified . 

Whether the amount of  habitat disturbed could cause s ignif icant adverse 

effects on the species cannot be determined without addit ional informa

t ion concerning both the locat ion and abundance of the habitat and siting 

of geothermal development in the particular areas . However , even with 

mit igat ing measures ,  destruc tion of salamander habitat could conceivably 

reach a threshold that would result in extirpation of the species f rom 

certain regions of  the Baca Ranch that it presently inhab it s .  

Expansion into the Valles San Antonio could involve a Federally 

designated endangered species . Potential nesting habitat has been 

identified for the peregrine falcon in the northern port ion of the Valles 

San Antonio ( see Sect . 3 . l . S  and Whitf ord 19 7 4 ,  1 9 7 5a and b ) . Disturbance 

related to development in this area could preclude the species use of  

this habitat . 

Expansion into the Valles Seco and Alamo Canyon areas would affect 

ident if ied elk calving grounds in these areas . Expansion north 

and east of Redondo Canyon will involve greater portions of identified 

year round and winter habitat f or the Jemez elk herd . Winter habitat is 

a limiting factor for elk populations . The Jemez elk herd is currently 

expanding rapidly and could exceed carrying capacity in 10 to lS years 

without increased hunt ing pressure . Loss of proport ionally greater 

amount s  of winter habitat througp geothermal development will reduce 

carrying capacity and , without increased hunting pressures , could con

ceivably accelerate the deteriorat ion of remaining winter range . 
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If the chemis try of the geothermal reservoir in other port ions of 

the Baca is s imilar to that in the Redondo Canyon area , operat ion of 

additional generating facilities and cooling towers should cause minimal 

adverse effects to nearby vegetat ion . Increased hydrogen sulfide releases 

over the init ial 5 0  MW will , in all likelihood , cause ambient concentra

t ions of hydrogen sulf ide to exceed the odor threshold in localized 

areas , espec ially near NM-4 .  However , atmospheric hydrogen sulf ide 

should still remain well below the concentrations that would affect 

b iota ( see Sect . 4 . 1 . 5 ) . Again , if fluid chemistry is similar to that 

for Redondo Canyon , the effect , if any , from cooling tower drift should 

be localized . If , however , the geothermal reservoir in other sect ions 

of the Baca has appreciably higher concentrations of hydrogen sulfide , 

trace metals ,  and d issolved solids , signif icant impacts potent ially could 

accrue from power p lant operation . Early sampling of the reservoir in 

these areas will be imperative for the des ign of proper mitigation plans 

to ensure protect ion of surrounding biota . 

Aquatic ecology 

Development beyond 150 MW (up to 400 MW) will involve impacts to 

aquat ic systems similar to tho se discussed for Redondo Creek in Sects . 4 . 1  

and 4 . 3 .  These will include degradation of water quality from increased 

erosion and sedimentat ion and attendant effects upon aquatic biota.  

Development will occur in the Sulfur Creek watershed and pos sibly in the 

upper San Antonio Creek watershed . Sulfur Creek is a small stream ,  

however , physically similar t o  Redondo Creek , and it does not support a 

f ishery . The ent ire length of San Antonio Creek downs tream of  the Baca 

Ranch is on Forest Service land , and San Antonio Creek is an important 

trout stream ( see Sect . 3 . 1 . 3 . 1 . 2 ) . Deteriorat ion of water quality in 

San Antonio Creek could adversely affect a very imp ortant recreational 

resource through degradation of the s tream as trout hab itat . 

S ince all watersheds on which future development could take place 

drain into the Jemez River , the potential effects on the Jemez River of 

increased sedimentation could be increased eight fold over the effect s 
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from the initial SO-MW plant . S imilarly , at 400 MW the possib ility of 

accidential release of  toxic mater ials to surface water mus t  necessarily 

increase eightfold over those of SO MW . An accidental release of geo

thermal fluid could have po tentially adverse effects on the Jemez River 

system. Effects of  hypo thet ical release of  geo thermal fluids are d is

cussed in Sec t .  4 . 3 .  

4 . S . 2 . S  Socioeconomic 

Expansion to 400 MW at several distinct locat ions would generally 

have greater impact on surrounding communities than would SO-MW or 

ISO-MW plants because of larger workforce sizes , increased traffic , 

increased materials delivery , increased economic act ivity , and the 

associated increases in public and private sector goods and services 

such as housing , water , etc.  The specific impac ts are d iscussed in the 

section dealing with the SO-MW facility . It is also feasible that a 

more cont inuous workforce would be on the s ite and that plant construct ion 

s chedules would overlap , thereby increasing the level of impact as well 

as the leng th of t ime . 

4 . S . 2 . 6  Religious values 

Expansion to 400 MW would affect the entire southwest quadrant o f  

the Baca Locat ion . One or more addit ional valleys would b e  developed ; 

at leas t one additional transmission route would probably be required . 

The area would assume a more marked industrial character and the chances 

of d irect conflicts with the Pueblo religion would increase ,subs tant ially . 

The immediate impacts would be confined largely to the valleys ; mountain 

peaks , such as Redondo Peak , would remain largely unaffected . However , 

the overall appearance of  this part of the Jemez Mountains would be 

greatly changed . The resulting impact on the prac tice of  the Pueb lo 

religion is impossible to assess ,  but the increased act ivity 

by non-Indians in the area would be d isruptive to the current Indian 

lifestyle . 
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4 . 5 . 3  Add itional transmission facilities 

Development beyond 15 0 MW (up to 400 MW) will necessitate con

s truction of an additional transmission line . The new line would be of 

a 345-kV capac ity and would follow one of f ive feasible routes of egress 

from the Baca site as outl ined on Fig. 4 . S .  Route 1 connects the Baca 

s ite with a 345-kV line exit ing west from Oj o and would require a new 

sub stat ion at the connect ion. Route 2 t ies Baca with the existing Oj o 

subs tat ion to the northwest . Route 3 follows the Baca corridor to Los 

Alamo s (described in Sect s .  3 . 2  and 4 . 4 ) and would require upgrading the 

exis t ing l15-kV line to Los Alamos and cons truct ion of a 345-kV leg 

from Lo s Alamo s to the Norton switching stat ion . Route 4 fo llows a 

route to San Ysidro that has been d iscussed as an alternat ive route for 

the l15-kV line from the init ial 50-MW plant ( see Sect . 9 . 7 ) . If the 

alternative route were chosen for the l15-kV line from the init ial 

5 0-MW plant , it would have to be upgraded to handle 345 kV . Choice of 

the route 4 alternative would also necessitate cons truct ion of a 345-kV 

leg from San Ysidro to Rio Puerco . Route 5 t ies Baca to an exist ing 

substation at Star Lake , to the west of Baca . 

At this early stage in route ident ification for generat ion beyond 

150 MW ,  environmental cons iderations relat ing to these f ive routes can 

only be d iscus sed in general terms . Cons iderat ions are discussed 

separately for each route in the following sections . The d iscuss ions 

are based on an outline of cons iderations prepared by PNM . Impacts 

along the route from Baca to Los Alamos and from Baca to San Ysidro have 

been treated in some det ail in Sects . 4 . 4  and 9 . 7 ,  respectively , and 

will no t be repeated here . 

Construct ion of a 345-kV line will d iffer in some respect s  from that 

for a l15-kV line (described in Sect . 2 . 2 . 4 ) . S tructures ut ilized will 

be either wooden K-frame construction or tubular steel or lattice steel 

towers .  The structures will be about 24 . 5  m (SO ft)  tal l .  Structures 

will be placed at �24 5-m ( SOO-ft)  intervals result ing in about four 

s tructures per kilometer ( 6 . 6  per mile) . As for the l15-kV line , the 

s truc tures will be assembled at each s truc ture erect ion site.  S ince the 

tower s  for 345  kV are larger than for the l15-kV line , the amount of 

land disturbed at each assembly site will be greater than that for 
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115 kV . Otherwise , the construct ion and maintenance details for a 

345-kV line will not s ignif icantly dif fer from those described for the 

proposed l15-kV line (s ee Sect . 2 . 2 . 4 ) . This includes the same width o f  

right-o f-way of 30 m ( 100 ft) . 

Unlike a l15-kV line , operation o f  a 345-kV line might have poten

t ial audib le noise and electromagnet ic radiation effect s .  �udib le noise 

from transmission lines greater than 230-kV capacity cons ists o f  two 

component s :  line hum and random crackling noise associated with corona 

d ischarge (usually occurring in moist weather) . Audible noise levels 

beneath a 345-kV line have been recorded in the 50- to 5 5-dBA range 

(Bonneville Power 19 7 7 ) . Electromagnet ic effects include radio noise , 

televis ion interference , and effects on pacemaker devices . These are 

cons iderat ions for line p lacement near resident ial areas . Induced 

voltages on linear features located parallel to the transmission lines , 

such as buried pipe lines or fences , const itute another potential electro

magnetic e f fect for the 345-kV line . These potential effects should be 

taken into cons iderat ion during transmission line p lacement . 

Route 1 

This route is from Baca north to a 345-kV line coming west from Oj o 

(see Fig . 4 . 8) .  This rout ing would neces sitate construct ion of a new 

substation to tie into the Oj o 345-kV line . The route is app roximately 

4 1 . 5  km (26  miles) in length and cros ses the private Baca Ranch , Forest 

Service land , some state land , and other private land near the community 

of Coyote . The route cros ses graz ing leases on the Santa Fe Nat ional 

Fores t and on state lands . The route also passes in the vicinity of a 

number o f  res idential areas associated with NM-9 6 ,  including Coyote , 

Youngsville , Rito de las S illas , Arroyo de la Agua , and Thomp son Ridge . 

Road cros s ings include NM-96 , F R-3l6 , FR-3 7 6 , and FR-144 . The route 

traverses a number of recreat ion and geothermal lease areas on the Santa 

Fe Nat ional Fores t ,  including the Y CC camp and several small s treams 

that are extens ively used for recreat ion and the Rio Puerco , which 

harbors a native cutthroat trout population , the Rite de las Sillas , 

Coyote Creek , and San Antonio Creek . These are all excellent trout 
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fisheries . Visual impacts could accrue a t  the res idental areas , the 

road cros sings , and at public recreation sites . 

Route 1 traverses forested areas for almost its  ent ire length , 

primarily mixed conifer and ponderosa pine fores t s ,  but also some 

spruce-fir fores t ,  riparian habitat , and a number of  wet meadows along 

seeps . The route traverses excellent hab itat for elk , deer , black bear , 

and turkey , all important game species . The Jemez Mountains salamander 

has been collected from the canyons on the caldera rim, northwest of the 

Baca Location (Will iams 19 72 , 19 7 6 ) . Much of  the area traversed by 

route 1 in this region could be good salamander hab itat . The route also 

traverses potential peregrine nes t ing hab itat north of  the Baca Locat ion 

and possible hab�tat for the zone-tailed hawk ( lis ted as Endangered 

Group I I  by the state) . The potential for occurrence of rare plants along 

this route is unknown . 

The southern two-thirds of  the route would likely encounter arch

aeologic resources similar to those identified for the 5 0-MW site in 

Redondo Canyon . Along the northern one- third of the route , there is an 

increased probab ility for encountering s tructural sites of  Anasazi , 

Navaj o ,  and possibly Ute origin .  Mit igat ion by avoidance would be 

neces sary . 

Route 2 

This route connects the Baca plant sites with an existing sub

s tat ion at Oj o ,  northeast of the Baca Location ( see Fig . 4 . 8 ) . A line 

along this route would be about 5 3 . 5  km ( 33 . 5  miles ) long . The route 

crosses the Baca Ranch and other private lands , Forest Service land , 

and some state-owned land . Graz ing leases are held on the s tate and 

Federal lands .  The route also crosses a number of  recreat ion areas and 

geo thermal lease areas . Spotty resident ial and commercial development 

exists along NM-84-285 . Road cross ings include FR-13l , FR-144 , and 

NM- 84-285 . The route does not cross any campgrounds ,  but does traverse 

a number of  trout streams , including San Antonio Creek , the Rito de los 

· Ind ios , Rio del Oso ,  and Santa Clara Creek . The route also pas ses in 

close proximity to the Polvadera Peaks Roadless Area 102 and Roadless 
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Area 103 on the Santa Fe Nat ional Fores t .  Visib ility cons iderat ions 

would pertain to the roads and recreational s treams crossed and to 

visib ility from the flanks and hills of the Jemez Mountains , including 

the roadless areas . 

The route is totally within forest cons isting primar ily of mixed 

conifer , sp ruce-fir , and ponderosa-p ine forests . App roximately 2 5 %  of 

the route is at 3050 m (10 , 000 ft)  or higher alt itudes . Soils are of a 

low erodib ility potent ial for most of the route . The route crosses 

hab itat for elk , deer , b lack bear , and turkey . Addit ionally , it crosses 

potent ial Jemez Mountains salamander hab itat , peregrine falcon habitat , 

and zone-tailed hawk hab itat . Ospreys (s tate Endangered Group II)  have 

been sighted in this area . The potential for rare plants along the 

route is unknown . 

Archaeological res ources would be similar to those des cribed for 

route 1 ,  with proport ional increase in po tential occurrence with corr idor 

length . The route also traverses a part of  the Santa Clara Indian 

Reservation . These portions of the route have a high potential for 

infringement on nat ive American relig ious sites . The broad route 

corridor includes the Santa C lara and San Juan Pueb los , which are cur

rently listed on the National Regis ter of Historic Places (U . S .  Her itage 

Conservat ion and Recreat ion Service 19 7 9 ) . 

Route 3 

This route follows the Baca corr idor to  Los Alamo s ,  the same cor

ridor described as proposed corridor 1 to handle 115 kV from the original 

5 0-MW plant . Up grad ing to 345 kV would neces s itate cons truction of a 

345 -kV l ine to the Norton substation from Los Alamo s (see Fig . 4 . 8 ) . 

Environmental cons iderat ions have been di scussed previous ly for the Baca 

corridor (see Sects . 3 . 2  and 4 . 4) and will not be repeated here . The 

remainder of the discuss ion refers to the Los Alamos-to-Norton leg , 

which is about 2 9  km (18 miles) long . 

The route traver ses land under ownership by the U . S .  Forest Service , 

Nat ional Park Service , Department of Energy , Bureau of Land Management ,  

and private landowners .  Graz ing leases are held on the BLM land . The 
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route would affect the communities of Los Alamos and White Rock . The 

route crosses NM-4 and main drives of Los Alamos . The route crosses the 

Rio Grande at White Rock Canyon , an important recreat ion area , and a 

portion of  the river proposed as an addition to the scenic river system. 

Other land-use considerat ions included along the route are the maximum 

flood pool for Cochiti Dam, the Otowi Historic District , and an Indian 

sacred area currently under ownership dispute . The potent ial for severe 

visual impacts exists for the White Rock and Los Alamos communities at 

crossings of NM-4 and drive s surrounding Los Alamos , at the White Rock 

Canyon crossing , and from recreation areas on the flanks of the Jemez 

Mountains . 

The route is primarily within ponderosa-p ine and p inon-j uniper 

forests . So ils from the Rio Grande east to Norton are highly erodible 

and possess poor revegetation capabilitie s .  The route traverses excellent 

wint er hab itat for elk and habitat for black bear , deer , and turkey . 

The potential for conflicts with both Federal and state-des ignated 

endangered species is high . As for Federal-endangered species , the 

route includes potent ial peregrine hab�tat , potent ial bald eagle hab itat , 

crosses the Whooping Crane migratory route along the Rio Grande ,  and 

traverses habitat for the b lunt-nose shiner in the Rio Grande . The 

route includes potential habitat for the zone-tailed hawk and the 

osprey , both state Endangered Group I I .  The route also inc ludes habi tat 

for the threatened plant spec ies Pediooaotus papyraoanthus . 

The route includes a probability for high-density Anasazi sites , 

including subs tantial pueb los . White Rock Canyon also contains a high 

dens ity of s ites . Avoidanc e of all sites could prove difficult . Three 

archaeologic sites on the LASL Reservations have been prop osed by LASL 

for nomination to the Historic Register ; these are the Otowi and Lit tle 

Otowi Ruins , Cavate Ruins , and Tshirege Ruin (U . S .  DOE , 19 7 9 ) . This 

route also traverses a disj ointed p iece of Bandelier Nat ional Monument 

which contains the Tsankowi Ruins . 
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Route 4 

Route 4 connects the Baca s tation to the switching station at Rio 

Puerco through the San Ysidro sub station ( see Fig . 4 . 8 ) . The route from 

Baca to San Ysidro is described as an alternative route for the proposed 

1 1s-kV line ( see Sect s .  9 . 7 and 10 . 4 ) , and the d iscuss ion o f  impacts 

will not be repeated here . The remainder of the d iscuss ion of route 4 

is for the San Ysidro to Rio Puerco leg , a distance of about 24 km 

( 15 miles ) .  

The route crosses land under the ownership of the Bureau of Land 

Management , the state , the Zia Indian Reservation, and private owner ship . 

There are graz ing leases on BLM land and s tate land . Farming is prac ticed 

along the Rio Salado river bottom, which the route crosses . At White 

Mesa , pumice is mined . The route pas ses near the community of San Ysidro , 

the Zia Pueblo , and several small communities along the Rio Salado . The 

route crosses NM-44 . Visual considerations along the route will include 

the residential areas at Zia Pueblo and San Ysidro , the NM-44 cro ssing 

and visibility of the line from nearby open mesa areas , and ,  potent ially , 

from the f lanks of the Jemez Mountains . 

The route is primar ily within desert grassland with highly erodible 

soils and very poor revegetation capability . The route has po tential 

f or encounter ing habitat for only one endangered species , the black 

hawk ( s tate Endangered Group I ) . The Rio Salado is not an impor tant 

fishery . 

The route has a strong probab ility of encountering a high density 

o f  Archaic and Anasazi sites . The portion of the route north of San Ysidro 

to Baca has a very high density of large pueb los and Anasazi communities . 

The size o f  the sites will make avoidance along the ent ire route d if

f icult . Finally , the nor thern sect ion of the route has a potential for 

conf lict with modern Indian religious sites . The Jemez and Zia Pueb los , 

the San Juan Mesa Ruins , and the Jemez S tate Monument are all listed 

on the National Register o f  Historic P laces (U . S .  Her itage Conservat ion 

and Recreation Service , 19 7 9 )  and are all located within the Route 4 

corridor . 
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Route 5 

Route 5 connect s the Baca site with a station at S tar Lake , west 

o f  the Baca Locat ion (see Fig . 4 . 8 ) . The route is 7 2  km (45 miles ) in 

length and cro s ses private ,  state , BLM , u . S .  Fores t Service , and Ind ian 

land . There are grazing leases on the Forest Service , BLM , and state 

lands . The route will cross near the communities o f  La Cueva , Thompson 

Ridge , Horseshoe Spring , Porter , and La Ventana . The route crosses a 

number o f  road s  including NM-19 7 , NM-44 , NM-4 , FR-I05 , FR-I0 6 ,  FR-132 , 

FR-144 , FR-12 6 ,  FR-1 7 6 ,  and FR-3 78 . Recreat ional uses are intense in the 

La Cueva area and between La Cueva and Fent on Lake , including camp

grounds , trails , and sight seeing areas . The route also crosses a number 

o f  recreat ional trout streams and lakes including San Antonio Creek , the 

Rio Cebolla , Rio Las Vaca,  Rio Puerco , Guadeloupe Creek , and Fenton Lake . 

Impacts to visual resources would be high at the communit ies , road cross

ings , and recreation areas lis ted above. Addit ionally , the route will 

be visible from the flanks of the Jemez Mountains and from the S ierra 

Nac iemento Mountains . 

The eastern por tion o f  the route is predominately within mixed coni

fer and pondero sa-pine f orest s ;  the western port ion is within desert 

grassland . Soils in the fores ted portion of the route are generally o f  

low erodibility . From the S ierra Nac iemento to S tar Lake , however , the 

desert soils are moderately erodible with potent ially poor revegetation 

capab ility. The route traverses deer , elk , black bear , and turkey 

hab itat as well as potent ial habitat for the Jemez Mountains salamander 

and the peregr ine falcon . The potential for rare plants is unknown . 

The eastern port ion o f  the route from Baca to NM-4 would have 

potent ial for archaeologic resources s imilar to that o f  the Baca site . 

The wes tern port ion enters the San Juan Basin archaeologic province that 

has a relatively high site density . Mit igat ion by avo idance should 

nevertheless be relatively easy.  
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5 .  UNAVOIDABLE ADVERSE IMPACT S  

Unavoidable adverse impacts of the proposed proj ect include loss of 

wildlife habit at , some decreas e in water quality in Redondo Creek and 

the Jemez River , and visual-related tand-use and recreat ional conflicts . 

Even with mitigat ion , co�st ruct ion activit ies in Redondo Canyon and 

along the transmiss ion route will caus e some increase in sedimentat ion 

and turb idity in Redondo Creek and the Eas t Fork of the Jemez River . 

Cons truct ion of the transmis s ion line and well f ield development will 

result in an unquantif ied loss of habitat for the Jemez Mountains sala

mander , lis ted by the S tate o f  New Mexico as endangered . Human presence 

and increased activity in Redondo Canyon will result in an unquantif iable 

loss of elk winter habitat . Cons truct ion of the transmiss ion line will 

cause aesthetic impacts and related conflicts with recreational uses in 

a heavily used sect ion o f  the Santa Fe Nat ional Forest and in a port ion 

of the Bandelier National Monument .  The proposed proj ect will represent 

an unavoidab le intrus ion of an essent ially industrial development into 

an area known for its scenic and unique natural res ources . There is a 

possibility that the s tatus of the Baca Lo cation/Valles Caldera Nat ional 

Natural Landmark could be affected by the proposed activity . 

I f  the source o f  the known geothermal f luid discharges f rom springs 

along the Jemez River southwest of the proj ect s ite ( Sect . 3 . 3 . 2 ) is the 

produc tion reservoir , spring and st reamf low dep letion wi ll occur as a 

result o f  reservoir drawdown . The Jemez Springs and S oda Dam thermal 

spring areas are the primary ones to be advers ely impacted by this 

possibility ; as much as 2 7% of the spring f lows may cons ist of geo

thermal f luids . The loss o f  any port ion of this hot , mineralized con

tribut ion to discharge will reduce the temperature and mineral content 

of the springs correspondingly . 

The proposed proj ect may infringe on Amer ican Indian religious 

freedom by destroying religious s i tes and obj ects , invading the privacy 

of the Indians dur ing re ligious ceremonies and ri tuals , contaminating or 

reducing the availability of water f or sacred practices , deplet ing sacred 

springs , and int erfering wi th access to religious sites . The extent of this 

po tent ial infringement canno t be predicted at this time ( Sect . 4 . 1 . 7 ) . 
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The impac ts p redi cted for development of the 50-MW plant will be 

likely to occur for expans ion of the faci lity to 150 MW and 400 MW ;  

however ,  the magnitude of thes e impacts cannot b e  predicted at this time . 



6 .  IRREVERS IBLE AND IRRETRIEVABLE COMMITMENT OF RES OURCES 

The only resources commit ted irrevers ibly and irretrievably to this 

proj ect are the fuels and materials used in construct ion , which will be 

negligible amounts . No envir onmental ef fects are expected to  be per

manent if the plant is abandoned and the s ite is restored accord ing to 

procedures described in Sect . 2 . 3 .  

The consump tive use of geotHermal f luid is "consump tive" by defini

tion in that estimated recharge of the geothermal reservo ir is much 

s lower than the rate of consump tion . Al though the data are not complete 

for the total hydrologic reg ime (refer to Sect . 4 . 2 . 2 ) , the geothermal 

f luid lost to the atmosphere during 30 years of plant operat ion would be 

recharged within approximately 240 years after operation ceased . There 

is no es timate o f  how long heat ing of the recharged fluid would take , 

but it is as sumed that reheat ing to average reservoir temp eratures would 

occur , based on known geologic conditions . Fluid losses from expans ion 

to 150 MW and 400 MW will probably be greater than those from a 5 0-MW plant ; 

however , the magnitude o f  this imp act cannot be det ermined at this time . 

The heat withdrawn from the earth (as opp osed to the water) and 

released at the surface is an irreversib le and irretrievab le res ource 

use , based on current knowledge of geo logy ; but the amount withdrawn by 

this proj ect is to tally negligible with respec t to the total heat 

reservoir from which it is withdrawn . 
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7 .  RELATIONSHIP OF LAND-USE PLANS , POLICIES , AND CONTROLS 

7 . 1  PERMITS AND REGULATIONS 

The conunercial partners and the Department of Energy h ave coordinated 

proj ect p lans with several State , local , and regional planning and 

re gulatory agenc ies . The following permit s are required and are part of 

the p lanned permit ting process for this proj ect and for any actual 

expans ion beyond 50  MW :  

1 .  Permit to drill , deepen , or plug back geothermal resource well .  

These are routinely issued by the New Mexico Oil Cons ervat ion Conunis s ion 

(NMOCC ) .  Union has re ceived these in the past and has the next three 

wel l  permits on hand now. An app licat ion is the only documentat ion 

required . I t  takes two to four weeks for the conuniss ion to process an 

applicat ion and grant the approval . No hear ings are held . 

2 .  Certif icate to produce f luids . This will be is sued by the 

NMOCC prior to conunercial product ion . A certificate is not required for 

tes t ing of geothermal we lls . An app licat ion is the only documentat ion 

required , and it is es t imated to take four to s ix weeks to process the 

app licat ion . No hearings are held . 

3 .  Permit to inj ect f luid s .  These are is sued by the NMOCC in 

ab out two to f our weeks from the time of app licat ion . The conunercial 

partners have three inj ect ion permits and may need only one more for 

this proj ect . No hearings are held . Also , the Underground Inj ection 

Control Program will be c omp lied wi th when it becomes effective . 

4 .  Permit to appropr iate underground waters . This permit will be 

is sued by the New Mexico S tate Engineer ' s  Of f ice (NMSEO) to Union . The 

conunercial partners have reached tentative agreement with the NMSEO 

regard ing the potential for surface stream f low impairment caused by 

st eam withdrawals from the res ervo ir . This agreement will be reflected 

in the app licat ion f or a permit , which is planned for this year . Les s  

than one year should b e  needed t o  acquire this permit . A pub lic hear ing 

will be required before grant ing the permit . The permit is valid for 

f ive years , and at that time it will be converted to a license , which 

will be valid unt il the proj ect is over.  Pr ior to receiving the permit , 
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Union must demonstrate to the NMSEO that Union controls sufficient 

irrigated land to retire water r ight s equal to the amount of impairment 

detected by monitoring of streams . 

5 .  Certificate of  Public Convenience and Necessity .  This permit 

will be issued by the New Mexico Public S ervice Commis sion upon finding 

that the proposed power plant is neces sary and within the commiss ion ' s  

rules and regulations . 

6 .  Permit to Emit Air Pollutants .  This permit is is sued by the 

New Mexico Environmental Improvement Depar tment . 

7 .  Right of Way Permit . Permit s  are required from the Uni ted 

S t ates Forest S ervice for all right s-of-way cros sing Fores t Service 

Land s and from the Nat ional Park S ervice for rights-of-way across 

Bandel ier Na t ional Monument . 

S .  Archaeo logical Clearance for S tearn Produc tion Facilities . This 

clearanc� is given by the S tate Hi s toric Preservation Officer upon 

examinat ion of archaeological survey records and mit igation plans 

related to s tearn production . 

9 .  Archaeo logical Cl earance for Electr ical Produc tion and 

Transmission Facil ities . S imilar clearance will be given for the power 

plant and transmission l ines upon examination of archaeological surveys 

and mitigat ion p lans . 

1 0 .  Prevention of  S ignif icant Deter ioration (PSD) Review . This 

review of  the air quality impacts  is performed by EPA Region IV for 

regulated effluent s from the proposed plant . 

7 . 2  POTENTIAL LAND USE PLANS AND CONFLICTS 

Potential conflicts with future land use plans are discussed in 

detail in Sect . 4 . 1 . 1 .  These conf licts ar ise from the pos sibility that 

the Baca Ranch may become public land . 

7 . 3  OTHER INTERESTED PARTIES 

In response to the NOI ,  three l et ters wer e received from individuals , 

groups , or s tate agenc ies expres sing interes t or concern about var ious 
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aspects of the proposed proj ect . The let ters identif ied the following 

is sues and concerns : 

1 .  the impact on recreat ion and scenic values , .  

2 .  the impact of atmospheri c  releases o f  toxi c subs tances , 

3 .  the impacts of ef fluents on surface waters , 

4 .  the impact o f  noise , 

5 .  the po tential for subsidence and increased seismicity , 

6 .  the po tential socio-economic effec ts of the p roj ect , 

7 .  the energy requi rements of  thi s proj ect versus energy 

savings resulting from increas ed funding of conservation 

activities , and 

8 .  identification of the agency responsible for enforcement 

of mi tigation measures . 

These letters are on file in DOE Public Do cument rooms as lis ted in the 

NOI (DOE 1 9 7 9 ) . 

DOE consulted wi th U . S .  Fores t S ervice and Na tional Park S ervi ce 

on the development of alternate transmiss ion corridors . The U . S . Fores t 

Service has reques ted tha t it be identified as a cooperating agency 

in the Final Environmental Impact S tatement (U . S .  Forest Service comment 

let ter dated S ept . 6 ,  19 7 9 , page 1-47) . DOE also consulted wi th Pueblo 

tribal governors and o ther spokesmen about pos sible socio-economic , 

cul tural , and religious impacts o f  the proj ect on the Indians . 

Written comments on the Draft Environmental Impact Statement (DEIS)  

were received f rom 2 3  interes ted parties (Appendix I) . Twenty-eight 

persons gave testimony at the public hearing on the DElS . 

REFERENCE FOR SECTION 7 

Department of  Energy . 19 7 9 . "Notice of  Intent . "  Fe.d . Re.gi6t. 44 ( 2 9 )  , 

Feb . 9 ,  19 7 9 .  





8 .  THE RELATIONSHIP BETWEEN SHORT-TERM USES OF THE ENVIRONMENT 

AND THE MAINTENANCE OF LONG-TERM PRODUCTIVITY 

The proposed 30-year life of this proj ect is an economic life based 

on the guaranteed supply of geothermal energy for that period of time . 

Actual plant operat ion could be o f  longer durat ion , especially with 

respect to the transmis s ion lines , which can form redundant circuit s for 

the entire PNM service sys tem,  with or wi�hout the power p lant . Success

ful resource confirmat ion could result in the construct ion and operat ion 

o f  s ignificantly more electrical plants witlun the same general hydro

logic and land use area;  therefore there is potential for much more than 

5 0  MW o f  res ource withdrawal and effluent release as well as for more 
• 

than 3 0  years o f  plant life.  Any reas onable plant life is bas ically 

short-term with respect to the capacity for the environment to rees tab lish 

it self under the cond itions p redicted for this proj ect . However , no 

allowance has been made for the additive or multip licat ive effects o f  

several years o f  cons truc tion ,  well drilling , and fluid consump tion at 

increas ing rates for add itional development in the general area of the 

proposed p lant . 

It is expec ted that the proposed 50-MW p ower plant operat ing for 

30 or more years would not significant ly alter the long-term productivity 

o f  the surface or sub surface environment . It is not known at this t ime 

how many more 5 0-MW plants can be built before long-term productivity is 

affected . Further , whether long-term productivity will be af fected by 

development o f  p lants to produce 400 MW is not known . 
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9 .  ALTERNATIVES 

The reasonably available alternat ive s to the proposed act ion cons ist 

o f  alterna t ive Federal actions and of alt ernat ive proj ect designs and 

locat ions . The rat ionale o f  each alternat ive and the ab ility o f  the 

Department of Energy to carry out some alternat ives under the current 

proj ect contract are not the same f or each alternat ive discus sed . The 

act ion alternat ives are no act ion , delayed ac tion , and funding o f  a 

nonelectric use . The des ign alternat ives include alternat ive cooling 

systems , hydrogen sulfide abatement systems , power cycles , and steam 

separator locat ions . The locat ion al ternat ives include sites within the 

immediate area and sites at o ther geo thermal re source areas . 

9 . 1  NO FEDERAL ACT ION 

The no-ac t ion alternatives will re sult in withdrawal o f  approxi

mately 50% o f  the total proj ect funding for the Baca Geothermal Demon

strat ion Plant . The power generat ion economics for PNM are such that i t  

is  unlikely that a wholly utility-funded proj ect would be economically 

compet it ive with alternat ive fuels , particularly coal , for approximately 

ten years (Union Oil Company 1978) ; thus , no DOE act ion would postpone 

development of liquid-dominated , geothermal , electric power plants in 

the Valles Caldera KGRA for a length o f  time approximately within that 

economic t ime f rame . According to reports , the current status of 

commer cially f unded development of hydro thermal liquid-dominated 

resources includes plans for completion of cons truc t ion of at least 

one 50-MW power plant in the Imperial Valley by the year 1982 , wi th 

smaller plants in the 10-MW range at f ive o ther locat ions in the 

Imperial Valley by approximately the same t ime (Wilson 1978) . Plans 

for o ther 50-MW electrical plants are not f irm . With Federal co st

sharing part icipat ion , development o f  liquid-dominated hydrothermal 

resources is expected to proceed at a faster rate than with t o tally 

pr ivat e funding . If the no ac tion alternat ive is imp lemented , commer

cial scale informat ion and data on f las h-s team systems that would have 

9-1 
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been obtained with Federal support of the proj ect will no t b e  availab le . 

This informat ion would have b een an addit ional inducement to geo thermal 

development by the industrial or f inancial community . Entry into geo

thermal development will be less risky technically and economically to 

the init ial participant s and initiation o f  participation would b e  eas ier . 

Therefore , the effect of DOE cessation o f  supp ort for this demonstration 

proj ect will be to increase the risk for developers of  liquid-dominated 

hydrothermal resources as a who le and s low the rate o f  its development . 

Imp lementation of  the no action alternat ive by DOE would not assure 

retent ion of the Baca property in its exist ing condition , eliminat ion of 

the threat to the status of  the nat ional natural landmark , or eliminat ion 

of  the potential for infringement on Indian religious prac tices , b ecaus e 

the property could be developed by private interests without Federal 

invo lvement . The no act ion alternative would no t cons train the opt ion of 

pub lic ownership o f  the property . 

9 . 2 DELAY OF FEDERAL ACTION 

Delay of the proposed action would have much the same ef fect on the 

development of hydrothermal resources for electricity production as 

denial of fundin g ,  but the length of t ime until utility development 

could proceed would be shorter . The demonstration p lans for the proj ect 

might still be met ,  but the uncertainty for the indus try that proceeds 

to develop other s ites will be greater because of the delay of knowledge 

of this part of the geothermal resources . Also , the costs for developing 

this demonstrat ion p roj ec t will be increased . 

De lay o f  funding may provide sufficient t ime to resolve the is sue 

of potential Federal acquisition of the Baca lands . However , s ince no 

date has b een estab li shed for the decis ion on whether or no t to acquire 

these lands , it is no t certain that delay of funding would resolve this 

issue . Delay of funding may provide sufficient t ime for resolut ion of  

out standing procedural issues 

such as U . S .  Forest Service ' s  evaluat ion and approval of a transmiss ion 

corridor . Al so , delay of funding may provide suf ficient t ime to develop 

improved po llution control equipment which will lessen the impacts of the 

proposed proj ect . 
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9 . 3  FUNDING OF A NONELECTRIC USE OF THE RESOURCE 

The Federal Geothermal Program is respons ible for promo t ing com

mercial development o f  geothermal energy . To date , commercial develop

ment has focused on electricity product ion from vapor-dominated resources 

and nonelectric uses o f  liquid-dominated resources . The obj ect ive o f  

the program opportunity notice is sued b y  DOE on Sept . 30 , 1 9 7 7 ,  i s  to 

provide the s t imulus for the development o f  a p lant that will demon

s trate the viab ility o f  utilizing liquid-dominated resources for the 

product ion of electricity . Funding a nonelectric use of the resource 

for this proj ect is inconsistent with the goals of the Federal Geothermal 

Program to develop the full potential o f  a given geothermal res ource . 

9 . 4  FUNDING OF ALTERNATIVE S ITES WITHIN THE BACA LOCATION 

9 . 4 . 1  Redondo Canyon 

At leas t two viable alternat ive power p lant locat ions are assumed 

to exis t in Redondo Canyon , one on either s ide of the p rop osed p lant 

s ite . The environmental impacts of the proposed p lant on either alt er

nat ive s ite would be very s imilar to the proposed s ite with the except ion 

o f  hydrogen sulfide concentrations at the Baca boundary . The ecological 

setting would not change s ignif icantly with resp ect to terrestrial , 

aquat ic , or  endangered species , and the hydro geo logical environment 

would be the same for any o f  the three s ites in the canyon . Impacts on 

cultural and archaeological resources and Indian religious s ites will be 

the same for any o f  the three s ites . The primary difference is that 

prior disturbance is greater for the proposed s ite . 

Because the alternat ive s ites are 1 or 2 miles closer or farther 

away f rom the Baca boundary than the proposed s ite , depending on the 

alternat ive selected , the hydrogen sulfide concentrat ions at the Baca 

boundary would be higher or lower , depending upon whether the s ite is 

closer to the boundary or farther away . Although it is possible that 

the s ite nearest the boundary would result in hydro gen sulf ide concen

t rat ions greater than at the other two s ites , a specific analysis for 

this site was not performed , and there may be o f fsetting parameters 

result ing from elevat ion and terrain differences . 
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9 . 4 . 2  Sulfur Creek area 

Limited exp lorat ion has been pursued in the Sulfur Creek area o f  

the Valles Caldera . A to tal of seven exp lorat ion wells have been 

drilled , revealing a potent ially vapor-dominated resource . The Sulfur 

Creek area is considered highly prospective , however , and little is 

actually known about the reservo ir . Mos t  impacts resulting from a 

demons trat ion p lant located in Sulfur Creek would be s imilar to those 

expected from the demonstrat ion p lant in Redondo Creek.  (See Sect . 4 . 5  

for add it ional discuss ion . )  

Sulfur Canyon is smaller than Redondo Canyon and has a history o f  

human presence and disturbance a t  the h o t  springs . Sulfur Canyon is not 

likely to be as good a habitat for elk as Redondo . I t  is not known 

whether the Jemez Mountains salamander occurs in Sulfur Canyon . Impacts 

on these species result ing from power p lant construct ion and op erat ion 

might be less in Sulfur Canyon than in Redondo . However , the extens ive 

exp loration and reservoir development required for the Sulfur Creek area 

will result in a greater sur face disturbance than in Redondo Canyon . 

Downstream e f fects on the biota in San Antonio Creek and the Jeme z River 

as a result of increased sediment load could thus be greater with dis

turbance in the Sulfur Creek locality . 

9 . 5 FUNDING OF ALTERNATIVE S ITES AT OTHER LOCATIONS IN THE UNITED STATES 

The ability of DOE to cons ider alternative s ites outside the Redondo 

Creek port ion of the Baca was limited by the small number o f  responses 

to the PON . The only other demonstration p lant proposal that was received 

qualifies as an alternat ive with respect to the site , although that 

proposal was eliminated for reasons not related to the site . 

The San Diego Gas and Electric Company (SDG&E) submitted the other 

proposal in respons e to the PON (PON EG-7 7-N-0 3-l 7 l 7 ) . It was for a 

b inary-cycle power p lant at Heber in the Imperial Valley of  California . 

The SDG&E proposal was found by the DOE review panel to be technically 

unacceptab le in all areas except for the environmental aspects (Myers 

19 7 8 ) . A maj or weaknes s was that some components of  the SDG&E propos al , 

such as the downhole pump s and binary-fluid turbine , would be 
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deve lopmental , whereas the PNM proposal uti lizes a geothermal technology 

proven at the pilot leve l .  DOE found other weaknes ses or ambiguit ies 

concerning the res ource supply , capab i lit ies of the offeror ' s  team ,  

informat ion disseminat ion , and bus iness factors . The SDG&E proposal 

was not selected because of prob lems related t o  techni cal and bus ines s 

is sues . Be cause the proposal was unacceptab le for the above reas ons , 

the select ion process was no t  contingent upon locat ion or environmental 

is sues . 

The reis suance of a s imilar program opportunity notice (PON) might 

produce re sponses no t received under the original PON .  The goal o f  the 

previous PON ,  "des ign , cons truct ion and operation of a geo thermal e lec

tric power p lant which ut ilizes a liquid-dominated hydrothermal reservoir 

in the U .  S .  , " is very general . Therefore the number of respons es is 

potent i ally large . This sec tion will briefly discuss some known geo

thermal resource areas (KGRAs ) that have res ource charac teris t ics and 

near-term deve lopment potential consis tent with the PON .  

9 . 5 . 1 Imperial Valley s ites 

Six KGRAs are identif ied in the Imperial Valley : Salton Sea ,  

Br awley , Eas t Me sa , Glamis , Dunes , and Heb er (Fig . 9 . 1) .  Deve lopment is 

sufficient ly advanced at the Heb er , Brawley , Salton Sea , and Eas t Mesa 

KGRAs for them to serve as poss ible alternat ive proj ect s ites . Because 

these areas have common c limatic , geologic , s ocioeconomic , and hydro

logic characteris tics , the following inf ormation on these environmental 

factors presented for the Heb er KGRA wil l  not be repeated for the other 

three KGRAs . Other environmental characteris t ics (i . e . , land use , 

ecological , and archaeo logical characteris t ic s )  are discussed for each 

of the four site alt ernat ive KGRAs . 

The primary land use in the Heber KGRA is irrigated agriculture but 

urban (Heber and Calexico) and transp ortat ion uses are also important . 

The maj or po tential impact on land us� is the loss of agriculture produc-

t ion . The effect of agriculture on the socioeconomics of the Imperial _ 

Valley is evident in Heber where a large pub lic hous ing p roj ect has 
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at tracted farm workers . Over 80% o f  the town ' s  populat ion is Spanish

speaking and only 10% of heads of households have completed high school 

(Meidav and Meidav 1 9 7 7 ) . Deve lopment of  the Heber KGRA would increase 

state and county revenues .  Because the demand- for skilled workers is 

already high (Layton and Ermak 19 7 6 ) , some skil led workers may have to 

be imported to the area . 

Agricult ural , domestic , and indus trial wat er needs in the Imperial 

Valley are met by Colorado River water , which is de livered to the 

southern border of the valley in the All-American Canal and flows north

ward through an elaborate sys tem of canal s ,  laterals , ditches , and 

drains to the New and Alamo Rivers and then to the Salton Sea . Although 

the Imperial Irrigat ion District ( l ID)  has an adequate supply to meet 

expand ing domestic and indus trial needs , complet ion of the Cent ral 

Ariz ona Proj ect is expected to result in the loss of 1 . 55 x 10 9 m3 

( 1 . 2 5 x 10 6 acre- ft ) of  water per year (U . S .  Department of Energy 19 7 9 ) . 

This loss is expected to result in increased competit ion for wate r .  

The lID makes irrigat ion water available only t o  pilot p lant s or 

other plants operat ing on a precommercial bas is (Wilson 1 9 7 9 ) . Adequate 

drain water is availab le for the op erat ion of a commercial p lant . The 

irrigat ion (Co lorado River) water is of relat ively good quality (Table 

9 . 1 ) and is suitable fot condenser cooling and other needs . The drain 

water is avai lab le in abundance but is of lower quality because of the 

minimal sewage treatment afforded by Mexicali and because of the salts , 

biocides , and other material s flushed from the fields (Table 9 . 1 ) . It 

may require pret reatment for use in geothermal power p lants . 

Evaporat ive losses o f  cooling water may diminish the Salton Sea ' s 

value as recreat ional and wildlife resource by reducing flows to the sea 

(the amount of dilut ion water) without reducing the total salt input . 

Unless some method is devised to remove the accumulat ing salts , geo

thermal water use will s light ly has ten the demise of the Salton Sea 

fishery (Goldsmith 1 9 76 ) . 

The nat ive desert vegetation of  the Heber KGRA is now reduced to  

small remnant s tands along the New River . No rare , threatened , or 

endangered p lant species were found during a survey of the area (San 
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Table 9.1 . Water quality in New and Colorado Rivers 

New R iver  at D W R  station 
Water 57 - i nternational boundary, Colorado R iver 

q u al ity i nd icator 
Unit 

96.48 km ( 60.3 m i les) at I mperial Dam 
u pstre a m  of  Salton Sea 

pH 7.3 8.0 
Electrical 

cond uctivity X 1 ()6 M icromhos 7,354 1 ,306 
Total d issolved solids mg/l iter 4,865 856 
Coliform MPN/ml 1 60,000 
Total hard ness mg/l ite r 1 , 1 1 1  360 
Dissolved oxygen mg/liter 6.3 
Turb id ity mg/l iter 1 28 
Bo ron ( B )  mg/l iter 1 .79 0. 1 8  
Calci u m  (Ca) mg/l ite r 242 88.0 
M agnes ium (Mg) mg/liter 1 23 34.0 
Sod i u m  (Na)  mg/l ite r  1 ,209 1 45.0 
Chl oride ( C I )  mg/liter 2,001 1 28 .0 
Su lfate (S04 ) mg/liter 7 32 336.0 
N it rate (N03 ) mg/l iter 1 4.4 1 .6 
B ica rbonate ( H C03)  mg/liter 291 1 74.0 
F l u oride ( F )  mg/l iter 1 .03 0.5 

Sou rce : Layton and E rmak 1 976. 

-Diego Gas and Electric Company 19 7 7 ) . The terrestrial fauna cons ists 

primarily of tho se species , such as the house mouse , deer mous e ,  raccoon , 

mourning dove , and red-winged b lackb ird , that commonly utilize agricul

tural hab itats (San D iego Gas and Electric C ompany 19 7 7 ) . Migratory and 

res ident waterfowl also forage in agricultural fields . The Yuma clapper 

rail , California b lack rail , and yellow-b illed cuckoo may be found along 

the New River within the KGRA .  However , the area constitutes poor 

hab itat , and none of these species was obs erved dur ing a formal survey 

(San Diego Gas and Electric Company 1 9 7 7 , VTN Consolidated , Inc . 19 7 8 ) . 

The Yuma clapper rail is listed as endangered by the Federal Government 

(U . S .  Departmen t o f  the Interior 19 7 7 ) ; the other two species are lis ted 

as rare by the S tate of California ( California Depar tment of Fish and 

Game 1 9 7 6 ) . The aquatic biota of the New River and drainage canals in 

the KGRA is depauperate b ecause o f  poor water and subs trate quality . 

Irrigation canals supp ort a d iverse warm-water b iota . 
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The Imperial Valley is an area of intens ive crus tal deformat ion with 

high heat flow ,  seismic ity, and sub s idence . It is one o f  the mos t  

seismically active areas in the United States . These charact eristics 

result from the rift ing and associated fault movement that has formed 

the valley . The Imperial Valley is undergoing natural subs idence at a 

maximum rat e o f  1 . 5  ern (0 . 6  in . )  per year relat ive to the surrounding 

mountains (Geonomics ,  Inc . 19 7 6 ) . Although geothermal developers are 

required to inj ect a volume o f  f luid equal to that withdrawn , net sub

s idence f rom differences in the p ressure between the withdrawal wells 

could result in a pattern of ground movement . S i gnificant differential 

subs idence could disrupt water flow in the irrigat ion and drainage 

canal system. The liklihood of any induced seismicity is be lieved to 

be low (VTN Consolidated , Inc . 1 9 7 8  and Geonomics ,  Inc . 19 7 6 ) . 

The Imperial Valley is an area o f  high air-pollution potential . 

Neutral to  stable atmospheric cond it ions have an annual average occur

rence of 68% and an average occurrence during the winter months o f  7 6 % . 

Because o f  high agricultural act ivity , the atmospheric part iculate levels 

regularly exceed the nat ional pr imary and secondary air-quality standards 

of 75 �g/m3 and 60 �g/m3 and the California standard of 60 �g/m3 . The 

annual geometric mean o f  suspended part iculate concentrat ions at Brawley 

(120 miles to the north) was 211 �g/m3 in 19 75 . Because the area is 

b as ically nonindustrial and vehicular t raffic density is low , other air

quality standards are rarely exceeded (San Diego Gas and Electric 

Company 19 7 7 ) . 

The California s tandard for hydrogen sulfide is 0 . 03 mg/ liter 

(42 �g/m3 ) averaged over a one-hour period . The highes t recorded l-hr 

averaged hydrogen sul fide concentrat ion is 0 . 0 7 mg/ liter ( 9 8  �g/m3 ) ;  

however,  hydrogen sulfide concent rations are normally below 0 . 005 mg/liter 

( 7  � g/m3 ) (VTN Consolidat ed , Inc . 1 9 7 9 ) . 

Part iculate emiss ions from drilling and cons truc tion ac t ivities 

will probab ly increas e slight ly (a localized impact) . Because the 

resource has a low non-condensable gas content and a very low hydrogen 

sulfide content , emiss ions during drilling and tes t ing are not expected 

to be serious . 
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Noise leve ls at the s ite boundary are regulated by Imperial County ' s  

frequency and land use specific geothermal noise standards , which , when 

integrated to the A-scale , range from 4 7  to 7 6  dBA ( Imperial County 

Department of Public Works 19 7 1) . 

No archaeological s ites in the Heber area are recorded , and a 

search of the area revealed no archaeological resources (San Diego Gas 

and Electric Company 19 7 7 ) . No historic s ites or natural landmarks 

are found in the Heber area . 

The Brawley KGRA lies in an agricultural area near the center of 

the valley . Its  environmental setting is nearly identical to that of  

Heber KGRA. The S alton Sea KGRA is also primarily agricultural , but it 

contains important wildlife hab itat in the deltas of the New and Alamo 

Rivers , the Salton Sea National Wildlife Refuge , and the Imper ial 

Wildlife Management Area . The natural marshes of the deltas and shore

line and the planted fields of the re fuge and management area support 

hundreds of thousands of  wintering waterfowl and shoreb irds as well as 

hundreds of res ident animal species . The Federal Government lists  as 

endangered the Yuma clapper rai l ,  which is common in these marshes (U . S .  

Depar tment of  the Interior 19 7 7 ) . The endangered bald eagle , California 

leas t tern , brown pelican ,  and peregrine falcon occasionally visit the 

Salton Sea area during the nonbreeding season (U . S .  Department of the 

Interior 19 7 7 ) . The S t ate of California lists the California b lack rail 

and yellow-b illed cuckoo as rare (California Dep artment of  Fish and Game 

19 7 6 ) . These species may also use the Salton S ea KGRA . 

The Eas t Mesa KGRA , which lies on the east s ide of  the Valley , con

tains 10% agricultural land , 5 0% creoso te shrublands , and 40% dunes 

(U . S .  Department of the Interior 19 7 3 ) . The area is ecolo gically unre

markab le , and the dunes are less active and dramatic than those nearby 

in the Glamis area . The area has received significant disturbance , and 

use is largely conf ined t o  occas ional o ff-road-vehicle event s .  The area 

contains ident if ied archaeological resources cons isting of Yuman camp 

s ites (U . S .  Department of  the Interior 19 7 3) . 

The effects of geothermal development at the Brawley or Salton Sea 

KGRA would be s imilar to  those described for Heber .  Serious wildlife 
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hab itat loss can be avo ided at the Salton Sea by plac ing facilities away 

from the rivers or shorel ine marshes . Care must also be taken in trans

miss ion line p lacement in order to  avoid frequent waterfowl co llis ions . 

Development at East Me sa does not require loss of  agricultural land or 

important wildlife habi tat . Intens ive archaeological surveys will be 

required in order to  avoid destruct ion of  cultural resources .  The 

consequences o f  induced subsidence are less serious out side o f  the 

agricultural area . 

Several success ful product ion wells have been drilled in each o f  

these KGRAs . The S alton Sea KGRA has very high temperatures and salini

t ies (over 300 ° C  and 30 0 , 000 ppm total dissolved solids)  (Palmer 19 75 ) . 

Brawley KGRA has temperatures near 2 6 0 ° C  and salinities o f  approximately 

100 , 0 00 ppm (Williams , Cohen , Pfunds tein , and Pond 19 7 8 ) . East Mesa has 

temperatures and salinities of approximately 180 ° C  and 25 , 000  ppm 

(Wi lliams , Cohen , P fundstein , and Pond 19 7 8 ) . 

Geothermal development is proceeding past the drilling s tage in 

many areas o f  the valley (Wilson 1978) . The Southern Ca::' ifornia Edison 

Company has signed an agreement to  buy st eam from the Chevron Resources 

Company for a 5 0-MW doub le-flash steam p lant 2 miles southeas t of  Heber . 

Op erat ion is planned to s tart in 19 82 . Edison has also announced p lans 

for 10-MW p ilot flash s team p lants at Brawley and Niland to be comp leted 

in 1980 and 1982 respective ly . San Diego Gas and Elec tric has operated 

an experimental test loop at Ni land since 1976  with ERDA as a financ ial 

partner . S DG&E has an agreement to buy fluids from the Magma Power 

Company for a 50-MW p lant to be built near Niland . The Bureau of  Reclama

t ion has operated a p ilot desalinization p lant and component test facility 

at East Me sa s ince 1975 . Magma Power has nearly comp leted an ll-MW 

b inary-cycle demons trat ion plant at Eas t Mesa.  Plans for a 6-MW plant 

in East Mesa for 1980 and a 4 2-MW add-on unit for 1982  have been made . 

The s team supplier , Republic Geothermal , has financed its drilling costs 

with a DOE-guaranteed loan . 
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9 . 5 . 2  Ro osevelt Ho t Springs 

The Roosevelt Hot Springs KGRA lies on the northeas tern edge o f  the 

Es calante Desert , near the town of Milford,  Beaver County , Utah . The 

KGRA occup ies an area of Great Bas in Desert that is managed as unim

proved pasture by the Bureau of Land Management .  The vegetation is 

natural , but the b io ta is unremarkab le . The eastern portion o f  the KGRA 

receives some use as mu1e�deer winter range . No aquatic hab itats are 

found on the KGRA. The nearest municipality is Milford , a town of 

1 , 300 persons , 13  km (8 miles )  from the KGRA. Although many sites of 

ob sidian tool manufacture occur within the KGRA, these lack suf ficient 

cultural context to give them archaeo logical s ignificance . An obsidian 

quarry outs ide the KGRA has been nominated for the National Register of 

Hi storic Places . 

Ten geothermal wells have been drilled in t he KGRA , seven of which 

have b een successful . The resource has a high temp erature ( 2 6 0 ° C )  and 

low sal inity (42 7 7  to 7067  ppm) . Hydro gen sulf ide consti tutes 8 ppm by 

weight of the total fluid and is expected to reach 24 ppm in the flashed 

steam . A p reliminary plant des ign for this resource calls for a flashed 

s team cycle with a hydrogen s ulfide scrubber and mechanical-draft cooling 

t owers . Phillips Petro leum Company , the primary leaseholder in the KGRA , 

and Rogers International are reportedly preparing a DOE loan guarantee 

application for a 5 0-MW (e)  p lant (Wilson 19 7 8 ) . Power would be sold to 

Utah Power & Light . No s ignif icant environmental issues have been 

identified for this p roperty (U . S .  Geological Survey 19 7 6 ) . 

9 . 5 . 3 Beowawe 

Northern and central Nevada contain 18 KGRA with temp eratures higher 

than 150 ° C  ( 3 2 8 ° F )  (White and Williams 19 7 5 ) . Toge ther , thes e areas repre

sent a maj or segment of the hydrothermal resource in the Uni ted S tates . 

Although o ther areas , such as D ixie Valley with its rumored dry-s team 

reservoir , may p rove to have better resources , this discuss ion will con

s ider the bes t-known prospect , Beowawe . Geothermal drilling has been 

conducted at Beowawe since 195 9  by several companies . As of 19 7 7 ,  

14 wells have been drilled , and seven more were approved (U . S .  Geo logical 
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Survey 19 7 7 ) . Although the highest reported downho le temperature is 

2 14 ° C  (443 ° F ) , resource temperatures are expected to reach 240 ° C  (49 0 ° F) 

with total dissolved so lids o f  1 , 200 ppm (Williams , Cohen , P funds tein , 

and Pond 19 76) . 

Beowawe KGRA contains typ ical Great-Bas in desert communities . No 

s tate- or Federal-listed threat ened or endangered plants or animals have 

been found ( U . S .  Geological Survey 19 7 7 ) . A single pair o f  golden eagles 

has been affo rded special protect ion f rom disturbance during the nest ing 

season (U . S .  Geological Survey 19 7 7 ) . The primary land use is graz ing . 

Low-level recreat ional use includes hunting , rockhounding , and sight

s eeing at the " geysers" created by vandali zed wells . S ome oil and gas 

'leases are held in the KGRA .  The human populat ion dens ity is low - only 

a few small towns (less than 500  persons) occur in the area . There is 

little unemp loyment in the area , hous ing is in short supp ly , and ser

vices are limited . S ome archaeological resources have been ident ified 

in the KGRA . 

Both noise and hydrogen sulfide levels are high near the "geysers . "  

Hydrogen sulf ide measurements only reached 29  ppb near the plumes (U . S .  

Geological Survey 1 9 7 7 ) , suggest ing that hydrogen sulf ide problems are 

not serious . No permanent surface water exists in the KGRA except for 

hot springs . If  geothermal water canno t be used for cooling , other 

s ources may be diff icult to obtain. 

The only known potent ially serious environmental issue ass ociated 

with development at Beowawe is social disrup t ion during plant construct ion. 

9 . 6  ALTERNATIVE PLANT DE S IGNS 

The environmental impact analysis for this proj ect is based on a 

proposed des ign that was selected from several alternative configura

t ions . The existing systems and comp onents represent the op timum 

economic , technological , schedule , and environmental mix on the basis o f  

the analyses performed b y  the commercial partners and the proposed 

evaluation performed by DOE . Reasonable alternatives to the proposed 

plant des ign are discus sed here for the purpose o f  later describ ing the 

environmental trade-o ffs  each alternative could involve . 
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9 . 6 . 1  Coo ling system alternatives 

The selected cooling system emp loys a mechanical-draf t wet cooling 

tower with eight cells . Condensed steam from the turb ine will serve as 

the cooling water supply . Condensate from the cooling tower will be 

t ransferred to the inj ect ion p lant . 

Alternative cooling systems that have been cons idered for the 

demonstration p lant include the use of (1)  natural-draft towers , ( 2 )  dry 

towers , ( 3 )  wet /dry towers , and (4)  fresh makeup water supp ly . A once

through coo ling sys tem was not cons idered to be a feas ib le alternative 

b ecause of the lack o f  available water in the area . 

9 . 6 . 1 . 1  Natural-draf t towers 

Natural-draf t towers bring the circulating cooling water in contact 

with an airstream whose movement is induced by the chimney ef fect created 

by the hyperbolic shape of  the tower . 

Both the wet-bulb temperature and the relative humidity at a site 

are important to the des ign of natural-draf t towers . Conditions favor

able to the use of natural-draf t towers include (1) low wet-bulb tempera

tures , (2)  high relat ive humidity , (3 )  large-sized installations , 

(4)  winter peaking loads , and (5)  need to limit fogging , icing , and 

drift (Robertson 1 9 7 8 ) . 

Natural-draft towers are not expected to be widely used in the 

southwestern United S tates or in conj unction with geothermal installations . 

The Southwest .and the proposed site , in particular , are characterized by 

condit ions (e . g . , relat ively high wet-bulb temp eratures , low relative 

humidities , and summer peaking loads)  under which natural-draf t towers 

do not function eff iciently . The 50-MW (e)  demons trat ion p lant is rela

t ively small , so that natural-draft towers are not expected to be cost

ef fect ive . Natural-draft towers are estimated to cost 3 to 4 t imes as 

much as mechanical-draft towers (Robertson 1 9 7 8 ) . The po tential for 

s eismic activity and ground sub sidence in geothermal areas is also a 

deterrent to  the use of  natural-draft towers . 
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9 . 6 . 1 . 2  Dry towers 

Dry towers employ air-cooled heat exchangers to remove heat f rom 

the circulating water by means of radiation and convection , thus elimi

nat ing water loss f rom evap orat ion . Dry towers are dependent on the 

amb ient dry-bulb temperature , theoret ically the lowest temp erature dry 

towers can achieve . Becaus e of the higher condensing temperature , dry

bulb as opposed to wet-bulb , the turb ine mus t operate under a high back 

pres sure , generally from 5 to 10 in . of mercury . The high turbine back 

pres sure results in a reduct ion in plant efficiency , which can be 

recovered part ially by the use o f  turb ines specially des igned to op erate 

under high back pres sures (Robert son 19 7 8 ) . 

The maj or advantages o f  dry towers are the elimination o f  evapora

t ive losses and the ainimiz ation of fogging , icing , and drift . The 

princ ipal disadvantage is their cos t ,  which has been estimated at 5 to 

10 t ime s the cost o f  mechanical-draft wet towers , depending on the 

turb ine back pres sure . In addition to economic penalties o f  approxi

mately $13  million above the cost of wet cooling (Maddox 19 7 9 ) , dry 

cool�ng towers also would result in less efficient turb ine designs , 

which in turn would require up to twice as many geothermal wells per 

megawatt as the proposed design .  Thus , the use o f  dry cooling towers is 

a tradeo f f  among water consumption , technological risk , and increased 

environmental impact from well drilling and p ipelines . 

9 . 6 . 1 . 3  We t/ dry towers 

The propert ies o f  both wet and dry towers are combined to cool the 

circulating water by evaporation , radiat ion , and convect ion . Wet /dry 

towers are designed so that the dry portion operates alone when dry-bulb 

temperatures are low and the wet port ion supplements during hotter 

periods . The comb ination o f  evap orat ive and dry cooling allows control 

of drift , fo gging , and icing while the evaporative los s  of cooling water 

is substant ially reduced (Robert son 19 7 8 ) . However ,  wet/ dry towers are 

more expens ive than either wet or dry towers . 
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9 . 6 . 1 . 4  Fresh makeup water supply 

A 5 0-MW geothermal power p lant with a reservoir temp erature of  

3 00° C ,  as  at  the Baca Locat ion , would require a makeup water supp ly of  

approximately 2 . 84 cfs (1275  gpm) (Goldsmith 19 7 8 ) . The water right s at  

the Baca Location are already appropriated and new allocations are no t 

expected , making the op tion of fresh makeup water legally impossib le 

(Public Service Company of New Mexico 19 7 8 ) . 

9 . 6 . 2  Hydrogen sulfide abatement system alternatives 

The abatement sys tem selected for use at the Baca Location is based 

on the p atented S tretford process . The condenser of f-gas is b rought 

into contact with oxidized Stretford solut ion twice so that less than 

1 ppm of hydro gen sulfide by vo lume and less than 5� ppm of other sulfur 

compounds are vented to the atmosphere . Ninety-nine percent of the 

delivered hydro gen sulf ide is expected to be removed .  The Stretford 

solut ion is regenerated as an elemental sulfur froth is formed and 

removed in oxidat ion tanks (Weres , Ts ao , and Woo d  19 7 7 ,  Las z lo XXXX) .  
It is estimated that an annual revenue of $ 25 , 000 will be realized by 

selling the dried and purified elemental sulfur froth (Union Oil Comp any 

19 78) . The only other abatement methods deemed promising are the iron 

catalyst method and up stream ab sorption scrubbers . 

9 . 6 . 2 . 1  Iron catalys t method 

The iron catalyst system uses dissolved ferric ion (Fe 3+) to cata

lyze the reaction 

so that 

2Fe 3+ + H2 S 

2Fe2+ + 1 / 2  O2 + 2H+ 

2Fe2+ + 1 / 8  S 8  + 2H+ , 

2Fe 3+ + H20 
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In the process the ferric ion i s  regenerated , so  that more hydrogen 

sulfide is oxidized . The iron concentration in the cooling water is 

maintained at 30 ppm by weight or higher . The condenser off-gas is 

released in the cooling water , so that its hydrogen sulfide cont ent is 

also oxidized . 

The maj or problems associated with the iron catalyst system are 

corros ion of me tal parts in contact with the cooling water and rapid 

accumulat ion of sludge . The corros ion of metal parts has resulted in 

the use of only type 316 , 3l6L,  and 1 7-4 PH stainless steels for the 

part s that come in contact with the cooling water . The sludge produced 

by the free sulfur is 90% water by weight . Accumulation of the sludge 

is  so  rapid that it must be removed cont inuously and hauled to a proper 

disposal site . 

9 . 6 . 2 . 2  Upstream ab sorpt ion scrubbers 

Up stream removal o f  hydrogen sulfide , not degrad ing the steam to an 

unacceptable level , is cons idered to be the ideal method . However ,  such 

a sys tem has not yet been developed . 

An up s tream ab sorpt ion scrubber has been used at The Geysers with 

an aqueous cupric sulfate ( CuS 04)  solut ion . Efficiencies of 90% have 

been achieved with an NH3 /H2S ratio o f  1 . 6  to  1 and recent internal 

reports indicate an order of magnitude imp rovement is feasib le . The 

efficiency drop s with the NH3 /H2 S ratio ; therefore this system using 

cupric sulfate as the scrubbing solut ion will be restricted to geo

thermal areas with signif icant amount s  of ammonia in the steam . This 

system is not commercially available , and research is cont inuing in the 

area of cupric sulfate regenerat ion . Research has also been conducted 

using z inc oxide as the scrubbing solution ; however , regeneration of the 

z inc oxide is a problem (Weres , Tsao , and Wood 19 7 7 ) . 

9 . 6 . 3  Al ternat ive power cycles 

The Baca reservoir is characterized by a relatively high reservoir 

temperature , 2 6 0 ° C  (5 00 ° F) , and low salinity , less than 7000 ppm total 

dissolved solid s . The power cycle to be used at the Baca reservoir is a 
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s ingle-flash design .  The geothermal fluid from up to five production 

wells , in one area,  is transmit ted to a high-pres sure product ion separa

tor in a satellite locat ion . The s team is separated from the geothermal 

water at 125 p s ia and transmitted to a high-pressure scrubber , prior to 

entering the expansion turbine . The exhaust s team enters a surface 

condenser , where the noncondensable gases are removed by steam j e t  

ej ec tors and p iped t o  a hydrogen sulfide abatement system .  The con

densed s team is circulated through the cooling tower and serves as cool

ing water makeup . Excess cooling water is returned to the inj ect ion 

plant to be reinj ected with the geo thermal water from the satellite 

separators (Union Oil Company 1978) . 

Other power cycles that received consideration are the b inary cycle 

and the dual-flash cycle . 

9 . 6 . 3 . 1  Binary cycle 

The b inary cycle is thought to be more economic than the flash 

cycle for reservoirs having a moderate (90 to 150 ° C )  to low (less than 

9 0 ° C )  temperature (Lombard 19 7 7 ) . Heat from the geothermal fluid is 

transferred t o  a working fluid through a heat exchanger , making more 

efficient use of the available heat energy . The working fluid is then 

expanded through the turb ine . This cycle generally requires a smaller 

turb ine because of the low mo lecular weight , high critical pressure , and 

h igh vapor-phase energy density of the working fluid (Milora and Tester 

19 7 5 ) . However , it is estimated that the total cap ital cost of a b inary

cycle p lant for Baca would be approximately 24% greater than the s ingle

flash p lant cos t .  One advantage of the b inary cycle is the relatively 

low releases of noncondensable gases , s ince both the geothermal fluid 

and working fluid are contained in closed loops . There is a prob lem 

with corro sion and scaling of the heat exchanger tubes if the geothermal 

fluid i s  hypersaline (ERDA 197 7 ) ; however , this i s  not the case at Baca.  

The b inary cycle requires an external supply for cooling water (Goldsmith 

19 7 8) . It has been estimated that a b inary p lant at Baca would require 

approximately 4 , 00 0  acre-ft o f  coo ling water makeup per year . All 

surface and shallow water right s  at Baca have been appropriated , and new 

allocat ions are not exp ected to be made (Union Oil Company 1 9 7 8 ) . 
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9 . 6 . 3 . 2  Dual-flash cycle 

The dual-f lash des ign differs from the single-flash in that the 

geothermal water separated in the f irst f lash unit is fed into a second 

flash unit operat ing at a lower pre ssure . The low-pressure s tearn is fed 

into a low-pres sure turb ine connected in tandem with the high-pressure 

turb ine ( Sc ience and Public Policy Program 19 7 5 )  or into the turb ine at 

a point where its pressure matches that of the expanding stearn from the 

first unit (ERDA 19 7 7 ) . The dual-flash cycle increases the amount of  

energy recovered from the goethermal fluid , thus reducing the well flow 

rate required . The remainder of  the system is essent ially the same as 

for the s ingle-flash cycle . At Baca it is estimated that one less 

production well would be required us ing dual flash ; however , becaus e  of 

a possible deficiency of  low-pressure steam , the thermal efficiency of 

the plant is likely to  be reduced (Union Oil Comp any 19 7 8 ) . Although 

the dual-flash plant requires one less production well , the saving is 

o ff set by an increase of 3 to 4% in the cap ital cost of the plant . 

9 . 6 . 4  Alternat ive flash unit locat ion 

The flash system to be used at Baca consists of four flash units to 

b e  located at satellite p os it ions . Each flash unit will serve up to 

f ive production wells in one area . From the flash unit a s ingle-phase 

p ipeline will carry the separated steam to a power plant . The satellite 

arrangement el iminates long lengths of large two-phase pip ing and offers 

flexib ility for makeup well hookup s . Alternat ive flash sys tem conf igura

t ions include locat ing the flash unit at the turb ine and separate well

head flash unit s .  Turb ine flashing requires the use of large two-phase 

piping from each wellhead to the power plant . This configuration offers 

lit tle flexib ility in case of  unexpected we ll product ion variat ions and 

may result in an undes irable concentration of heat , from steam venting , 

at the power plant during turb ine downtimes (Union Oil Company 19 7 8 ) . 

Use of separate flashing units located at the wellheads eliminates two

phase pip ing requirement s ;  however , this arrangement ,  like turb ine 

flashing , offers little flexib ility in case of we ll product ion variations 

and may result in a s igni ficant increase in labor requirements for 

s eparator inspect ion . 
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9 . 7  ALTERNATIVE TRANSMISSION CORRIDORS 

An analysis of an alternate route to the TA-3 substation is included 

in Sect . 4 . 4 .  The nearest alternate load center for power from the 

proposed plant is Albuquerque via a substation at San Ysidro , owned by 

another utility . 

A generic study of feasible transmission routes were considered by 

PNM during an early study of possible egress for the power to be gen

erated at the Baca plant . Of these, the proposed routes (southern and 

Baca) and two San Ys idro routes were identified as possible candidates 

for this proj ect . The San Ys idro routes are indicated in Fig .  9 . 2 

as alternatives I and I I .  These routes were eventually rej ected for 

further consideration for the present SO-MW plant in favor of a route to 

Los Alamos . The reasons for the rej ection were threefold : their greater 

length,  the fact that the negotiations for right-of-way with the various 

tribal landowners could not be accomp lished within the time limits set 

for completion of the power plant , and because Los Alamos was the only 

terminus available by which PNM could serve its own customers . However , 

in the event that future expansion of the proj ect to 400 MW necessitates 

a 34S-kV transmission line , these two alternatives probably would be re

examined in the context of the PNM system as it exists at that time . 

Inasmuch as specific environmental studies of these alternative routes 

were not undertaken , a detailed analysis of their impacts cannot be 

made ; however , a general discussion of the types and to some extent the 

severity of potential environmental constraints for these two alterna

tive routes is feasible .  

Alternatives I and I I  are very similar in many ways . Both are 

approximately 48 km in length and are composed of complex land ownership 

patterns (Table 9 . 2) .  Both routes cross land owned by Indian pueblos . 

Jemez and Zia Pueblos are nat ional historic sites . Als o ,  the possibility 

of infringement on Indian religious freedom exists along both routes . 

Both essentially utilize mesas to approach San Ysidro . The routes 

coincide for the 8 to 9 . 5· km out of the plant site , then diverge to 

traverse different mesas south to San Ysidro . The routes exit the Baca 

Location almost due south of the plant site , crossing the Banco Bonito . 
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Fig . 9 . 2 .  Map showing proposed transmiss ion corridor .  

They cross NM-4 j us t  before it turns north into the Baca Location . They 

cross the East Fork o f  the Jemez River between Jemez Falls and the 

village o f  Vallecitos de los Indios . These crossings have signif icant 

visual and recreational conflicts . 

Af ter crossing the river , the routes diverge . Route I utilizes San 

Juan Mesa . The route will be visible as it ascends to the mesa from the 

valley around the Vallecitos de los Indios . Once the line is on the 

mesa tops , avoidance of archaeo10gic s ites , including the his toric site 
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Table 9.2. Land ownership for-altemative.routes t and I I  

Route I 
Private (Baca location) 

U .S. Forest Service 
Private (Canon de San D iego land grant) 

Jemez Pueblo Indian Reservation 

Zia Ind ian Reservation 

Route \ I  

Private ( Baca location)  

U.S. Forest Service 

Tribal I nd ian land of the Jemez 

Pueblo (Canada de Coch iti l and grant) 

Jemez Pueblo grant and reservation 

Zia Pueblo grant 

4.0 miles 

5.5 miles 
5.5 miles 

9.0 miles 

6.0 miles 

30.0 miles 

4.0 miles 

1 2.0 mi les 

2.0 miles 

5.0 miles 
9.0 miles 

32.0 miles 

on San Juan Mesa,  will be of maj or concern . As route I emerges from San 

Juan Mesa it  crosses Vallecito Creek and NM-290 . Visual impacts and 

highly erodible soils resulting from overgrazing are the maj or considera

t ions at these crossings . The route will also cro ss NM-44 and the Jemez 

River before reaching San Ysidro . 

Alternat ive route II utilizes Borrengo Mesa , east of  alternat ive I .  

Generally , the terrain is more diverse along this route . NM-4 is crossed 

near Borrengo Canyon , and the crossing will be a sensitive one because 

of  the undis turbed nature of the area . Once on the mesa,  visual and 

recreational conf licts are lessened , but archaeological s ites must be 

avo ided . Route I I  also must cross NM-44 and the Jemez River to  enter 

San Ys idro . 

The visual impacts of  routes I and II are equal to or greater than 

those of the proposed corridors to Los Alamo s .  Routes I and II cro ss 

more state highways than the proposed corridors , and alternatives I and 

II cross where traf fic will be heavier . Routes I and II cro ss sens it ive 

recreation areas as identif ied by U . S .  Forest S ervice (Sects . 4 . 4 . 1  and 

4 . 4 . 1 . 5 ) and re sident ial areas south of  the Baca Location . Routes I and 

II also involve more crossings of p erennial streams . The alternative 
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routes will be visible on the mesas from recreat ion us e areas on San 

Juan and Cat Me sa . Route I will be vis ible from the hist oric s it e  on 

San Juan Me sa.  

Because routes I and I I  are at lower elevat ions than the proposed 

corridor , they cross dif ferent vegetation types . Approximately 25% of 

t he routes will be in mixed conifer , 25% in ponderosa pine , 25% in 

pinyon j uniper , 15% in j uniper grass lands , and the remainder in meadows 

and riparian areas . Because routes I and II utilize relat ively open 

vege tat ional communit ies , they will probably require equal amounts (or 

less) of t imber clearing than required for the shorter proposed corridors . 

Revegetation of dis turbed areas will be difficult because of arid con

dit ions and deteriorat ion f rom overgraz ing .  The potent ial for occurrence 

of rare flora along routes I and II is no t known . Excep t for the port ion 

of the alternat ive routes within Redondo Canyon , these routes will not 

cross elk or salamander habitat . Ecological impacts of the alternat ive 

routes I and I I  would probably be less than those of the proposed 

corridors . 

The po tent ial for eros ion along routes I and I I  may be h igher than 

along the proposed corridors for a number of reasons . The alternatives 

are longer and would require proportionally more surface dis turbance . 

The alternat ive routes cross more perennial s treams . The soils along 

port ions of the alternative routes are moderat ely to highly erodible ; 

overgraz ing and the difficulty of reclamat ion because of more arid 

condit ions along alternat ives I and II exacerbate the eros ion po tent ial . 
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10 . ENVIRONMENTAL TRADE-OFF ANALYSIS 

The environment al impacts of the reasonable alternatives were 

briefly discus sed in Chap . 9 .  In this chapter , the relative impacts of 

the alternatives compared with the proposed action will be d iscussed . 

In most cases a qualitative comparison will be suff icient . 

10 . 1  ACTION ALTERNATIVES 

The alternatives of no action and delayed action by DOE will have 

little effect on environmental impacts excep t to delay the cons truct ion 

of a power plant in the Baca Location for approximately ten years . The 

commercial partners will be likely to proceed without Federal funds when 

the economics of power generat ion at this geothermal area become 

competitive . 

There may be some change in the status of surrounding land uses 

within that time period , but all other environmental interfaces should 

be s imilar to those of the currently proposed proj ect . Delay of the 

proj ect might allow Congress time to resolve the is sue of public 

acquis it ion of lands in the Valles Caldera . 

Informat ion that would be ob tained from the proj ect would not be 

available to potential develop ers if the no action alternative were 

imp lemented . Also , imp lementation of the no act ion or de layed funding 

alternatives may allow sufficient time for the resolut ion of issues 

s u c h  as t h a t  o f  p ub l i c  ow n e r s h i p .  If the no action alternative 

is imp lemented and private deve lopment doe s not proceed,  the Baca prop erty 

wi l l  remain in its  natura l condi t i on and the s tatus of the Nat iona l Natura l 

Landma rk wi l l  not be threatened.  

1 0 . 2 SITE ALTERNATIVES 

Alternat ive s i tes within the Baca Lo cat ion and at other places 

within the Uni ted S tates were di s cu s sed , al though all are not equally 

feas ible under the pres ent project cont ract s tructure . Refer t� Sect.  9 

for mo re de tai l on the condi t i ons permi tt ing the feas ibi lity of dif ferent 

s i t es . The commercial partners may deve lop all  of the alt ernat ive s ites 

di s cu s sed here eve ntua l ly . 

10- 1 
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10 . 2 . 1 Alternative s ites in the Baca Lo cat ion 

The alternative s ites within the Baca were discus sed according to 

the amount of geothermal potent ial current ly forecast . The s ites with 

the highes t  potential are the two add itional s ites in Redondo Canyon , 

which would use essent ially the same reservoir that the propos ed p lant 

s it e  will use . Because of the very s imilar environmental setting , there 

will be essent ially no difference in environmental impact from any of 

the three s ites in Redondo Canyon except that the s ite closer to the 

Baca boundary might result in higher concentrations of hydrogen sulf ide 

offs ite . 

The locat ion with the next highes t  development potential is the 

Sulfur Creek canyon area near Redondo Canyon . Exp lorat ion results have 

not been as promis ing in the Sulfur Creek areas , so the s ites are cur

rently not as attractive for development by the commerc ial partner s .  

I f  the resource were deemed adequate t o  support a 30-year , 50-MW 

electric power plant in Sulfur Creek canyon , the s ites would have 

es sent ially the same potential impact on hab itat , hydrology , and the elk 

and salamander . A maj or difference , however , is that prior human 

activity has been greater in that area and the natural sulfur emiss ions 

have prevented veget at ion cover from forming in many of the thermal 

springs and thermally altered areas . Thus the eff ects of ve getat ion 

removal would be somewhat less than in Redondo Canyon . The number of 

permanent res idences within 3 miles of the Sulfur Creek canyon site is 

greater than in Redond o Canyon , and thus noise and hydrogen sulfide may 

have a greater impact . 

Transmiss ion line routes out of Sulfur Creek canyon have no t been 

evaluated. However , routes out o f  Sulfur Creek canyon will overlap the 

Redondo Canyon route f or the mos t  part . 

Tab le 10 . 1  summar izes the environmental effects of alternative 

s ites within the Baca • 

• 

10 . 2 . 2  Alternative s ites at other geothermal areas 

Env ironmental characterist ics of the Baca s ite compared to the s ix 
. 

alternat ive sites at other geo thermal areas cons idered in the United States 



Site location 

Proposed site in 
Redondo Canyon 

Site 2 miles north of 
proposed s ite in 
Redondo Canyon 

Site 2 miles south of 

proposed s ite in 

Redondo Canyon 

Sites in Su lfur Creek 
Canyon 

• 

.... 

Table 1 0. 1  E nviron mental effects of alternative sites in the Baca location 

Ecology Land use Hydrology Air quality 

E lk  range d is- Immed iate land Reservoir  depletion Hydrogen sul fide l im its 
tu rbed ; use unaffected ; wi l l  reduce exceeded only during 
endangered spe- area recreat ion available surface abnormal operat ion 
cies losses; some affected flow i n  some 
habitat damage streams and hot 
to trout fishery 
possible 

springs 

Same as proposed Same as proposed Same as proposed Same, except l im its wi l l  
s ite s ite s ite not be exceeded as 

often by abnormal 

operations 
Same as proposed Same as proposed Same as proposed Hydrogen sulfide l imits 

s ite s ite s i te may be exceeded off 

site during normal 

operation 

Same as proposed Immed iate recrea- Same as proposed Hydrogen sulfide l im its 

si te exce pt that tional use s ite may be exceeded off 

prior disturbance site during normal 

is greater operation 

Archaeological and 
cultural resources 

I nfringement on 
I ndian religious 
freedom; poten· 
t ial  loss of archae· 
ological and cui· 
tural resources 

Possibly worse than f-' 
0 

proposed s i te J 
w 

Poss ibly better than 
proposed s i te 

Same as proposed s i te 



Table 10.2. Environmental effects of the proposed and alternative sites 

Site Ecology Land use Geology Socioeconomics Cultural resources Air Water 

Baca Important elk range Grazing and l ogging Induced subsidence Minor effects of dis- Identified archeologi- High background Reservoir depletion will 
d isturbed ; endan- largely unaffected ; and seismicity are association cal sites; sacred H2S; state H2S reduce the flow of 
gered species loses major recreational very unlikely between costs of sites ; designated and other stand- thermal springs 
some habitat; dam- resou rces affected services and tax natural landmark ards met Avai labi l ity of 
age to trout fishery benefits Potential religious water rights 
possible infringement 

Heber and Depauperate aquatic Irrigated agriculture Significant induced High unemployment; None Small increase in high Water is available but use 
Brawley and terrestrial may be affected subsidence and low average background partic- will sli ghtl y hasten 

communities; by subsidence ; seismicity unlikely income; significant ulate levels; a non- Salton Sea salinization 
nearby endanger- drift will require but h igh back- tax and employ- binary-cycle plant 
ed species not increased salt ground and poten- ment benefits ; lit- would require H2S 
affected removal tially serious tie additional control 

effects cause demand for public 
concern services 

Salton Sea As above for Heber; As above for Heber; As above for Heber As above for Heber None As above for Heber As above for Heber 
also high concen- also hunting and I'"-' 

0 
trations of water- bird watch ing in 1 

.p. 
fowl and other refuges which 
wildlife which must be avoided 
must be avoided 

East Mesa Colorado desert com- Low level of ORV As above for Heber As above for Heber Identified archaeo- As above for Heber As above for Heber 
munity, disturbed use, sand and logical sites 
and unremarkable, gravel extraction; 
further disturbed small l oss of area 

available 
Roosevelt Great Basin desert; Grazing; small-scale Induced subsidence Significant tax and Minor archaeological 8 ppm H2S in fluid ; Condensed steam used 

some deer winter mining; small loss and seismicity are employment bene- resources control anticipated for cooling; no surface 
range lost of area available very unlikely fits; some new to eliminate H2S water; reservoir com-

housing required ;  odor i n  plant area munication is ill 
ut iI it ies are ade- defined 
quate 

Beowawe Great Basin desert; Grazing; low-level As above for New housing and Identified archaeo- High local background Water availabil ity may be 
some deer migra- re�ation; small Roosevelt services required logical sites H2S and particu- a problem if a binary 
tion may be loss of area 

. 
lates cye! e is used ; 

diverted available reduced flow of natural 
hot springs likely 

.. 
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are summarized in Table 10. 2 .  Dif ferences in impacts between the s ites 

arise primarily from differences in the receiving systems rather than in 

the resources . None of the geothermal fluids will require surface 

disposal , and atmospheric emiss ions ; appear to be controllable to 

acceptable levels at all s ites . 

Effects on maj or ecological resources are antic ipated only at Baca 

and the Salton S ea .  The high waterfowl concentrations at the Salton Sea 

are suff ic iently localized to permit avoidance during facility siting . 

The extent and imp ortance of the loss of elk range at Baca is difficult 

to determine from exis ting information , but some disturbance of elk is 

inevitable . Los s  of Jemez Mountains salamander habitat will occur but 

is not believed to be signi ficant to the survival of the spec ies . 

S iltation and fluid spills could severely damage the trout f isheries of 

Redondo Creek and the Jemez River . 

Land use conflicts are anticipated at Baca and the three central 

Imperial Valley sites , Heber , Brawley , and Salton Sea . Subsidence in 

the Imperial Valley could disrupt irrigation water flow ,  but intensive 

monitoring should permit early detect ion and mitigat ion . Salt drift 

deposition could require additional use of  agricultural irrigat ion water 

for leaching . Geothermal development is not exp ected to induce seis

micity , but because of the high seismic background in the Imper ial 

Valley , this problem is being intens ively studied . Geothermal develop

ment does no t conflict with exist ing land use at the privately owned 

Baca s ite but could conflict with the plans for public acquis it ion which 

are now under study . The transmiss ion lines and visual intrus ion of the 

plant would conf lict with the recreational and religious use of existing 

public lands . 

Significant local s oc ioeconomic benefits could result in the 

Imperial Valley and at Roosevelt Hot Springs , where tax benefits will be 

associated with the areas incurring the costs , costs of  new services 

will be low,  and current unemployment is high . Because of its remote 

locat ion , development at Beowawe could cause s ignificant demand for 

services and soc ial disrup tion in nearby small communities . Local 

s ocioeconomic effects at Baca are expected to be minor . At all sites , 
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mos t of the expenditures for wages and mater ial pur chases will have 

reg ional rather than local benef its . 

Archaeological res ources are found at all but the central Imperial 

Valley s ites . None of these appear to be so extens ive or of such imp or

tance that they cannot be avo ided or salvaged . Further archaeological 

invest igat ions are required at Baca as wel l  as the other s ites to  conf irm 

this conclus ion . Archaeological resources are part icular ly dense in the 

Baca area . Several s ites in the Baca area are sacred to the local 

Native Amer icans . The largely unspoiled character of the area that led to 

its des ignation as a nat ional natural landmark will be reduced by 

development . 

Although the water supp ly is limited at all of the s ites discussed , 

suitab le sup plies are known to be availab le at all s ites excep t Beowawe . 

Water requirements and availab ility at this s ite are unknown . Communica

t ion between the geothermal reservo irs and other aquifers is ill-def ined 

at Roosevelt and Beowawe . Water use in the Imperial Valley wil l  has ten 

the S tate of California ' s decis ion concerning ultimate management of the 

S alton Sea. 

More environmental conf licts ar ise from geothermal development at 

the Baca Locat ion than from development of any of the other s ites con

s idered . Roosevelt Ho t Springs is consp icuous ly free of s ignif icant 

known environmental conf licts . Prob lems at the other alternat ive s ites 

are largely technical �nd therefore are more readily solved than the 

general problem of industrial intrus ion in the scenic and envir onmentally 

valuable locat ion . 

10 . 3  ALTERNATIVE PLANT DES IGNS 

The presently propo sed proj ect des ign is preliminary and is based 

up on the optimizat ion of geotherma l ,  economic , engineering , and environ

mental factors . As more detail is developed in the des ign by the com

mercial partners , slight changes may occur ; however , it is unlikely that 

any of the alternatives discus sed in Sect . 9 will be imp lemented unless 

a maj or change occur s in the des ign parameters originally assumed for 

the p lant . 
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10 . 3 . 1  Power cycle and cooling system 

The alternat ive coo ling sys tems and power cycle types may be grouped 

together for environmental trade-of f  discuss ions because the method of  

des ign selection is  similar and the environmental effects are s imilar . 

A s ingle-flash vs double-flash vs binary-power-cycle select ion is an 

engineering-economic decis ion based on geothermal res ource character

istics . Impacts of the binary vs the flash cycles are different ; however , 

the economics of  the systems incorporated add itional subsystems to  

mitigate these environment al effects , thereby factoring environmental 

concerns into the des ign process . On this basis the proposed plant 

design was selected to be a sing le-flash system us ing mechanical-draft 

cooling towers .  

The alternative cooling systems affect the release o f  hydrogen 

sulfide and geothermal vapor to the atmosphere . Wet cooling towers at 

the Baca geo thermal plant will use the geothermal fluid as cooling 

water ; therefore , the loss of water to the atmosphere will represent a 

consumptive use o f  geothermal fluid rather than of  fresh water . � Dry 

cooling towers would reduce this geothermal fluid lo ss by blowing heated 

air through large radiators , and because the geothermal fluid would not 

be exposed to the atmosphere as in wet towers , there would be a minimal 

release of hydrogen sulfide from dry towers . Dry cooling towers are 

technically feas ible for small power plants but are expensive for most 

applicat ions . Many dry coo ling towers are quite noisy , s ome having fan 

noise as high as 85 dBA 15 m (50 ft)  from the tower , compared with about 

65 dBA for a mechanical-draft wet tower . The wet /dry coo ling tower , 

employing the wet or the dry coo ling method as environmental condit ions 

or p lant needs dictate , has the advantages and the problems of both of  

the types it  combines . Hydrogen sulfide abatement would be required for 

the wet port ion ; consumpt ive use of  water would be less than for all-wet 

towers ; and expense and noise would be high for the dry portion . Oper

ating experience is limited for all but the mechanical-draft wet cool ing 

tower at goethermal plants . 

The double-flash power cycle and the binary power cycle were evalu

ated by PNM as alternatives to the proposed s ingle-flash cycle . The 
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double-flash syst em would require one less geo thermal supply well but is 

more expensive to construc t and operate .  Otherwise the environmental 

ef fects of its construct ion and operation would be essentially the same 

as for the s ingle-flash system.  The b inary system , on the other hand , 

could potentially produce very different operating impacts than the 

f lash system .  Because there would be no release of geothermal fluid to 

the atmosphere , hydrogen sulf ide abatement would be minimal ; however , 

the b inary plant requires cold water (near amb ient ) for the b inary 

turb ine condenser . S ince there is no source of fresh water in suff icient 

quantity , it is presumed that cooled geothermal fluid would be the only 

source of condenser water . This requires a return to the cooling system 

alternatives . Therefore consump tive use of geothermal fluid would be at 

least equal to that of  the f lash systems , and the potential for release 

of hydrogen sulf ide would be as great for each coo ling system cons idered . 

Alternat ive cooling systems and power cycle environmental effects 

are summarized in Table 10 . 3 . 

� 
10 . 3 . 2 Hydrogen sulfide abatement 

The alternative of no hydrogen sulf ide abatement was not cons idered . 

Refer to the d iscuss ion of accidents in S ect . 4 . 3 for estimates of 

unmitigated release of  hydrogen sulfide . 

The iron catalyst is the only economically feasib le alternat ive to 

the S tretford proces s selected for the proposed proj ect .  Experience 

with the iron catalyst is extens ive at The Geysers . Although experience 

with the S tretford process at geothermal plans is limited , there is 

extens ive applicat ion experience for the process in the petrochemical 

indus try . Des ign es t imates for the two processes predict that the 

Stretford process will b e  at least as effective as the iron catalyst in 

prevent ing the release of hydrogen sulf ide from cooling towers , but more 

pessimis t ic assumpt ions were made for the S tretford process in estimat ing 

the operation effluents for the proposed plant . Although the plant 

cap ital cost is higher for the S tret ford process , plant reliab ility 

should be higher , thereby making it the pref erred system for the pro

po sed plant . The s ludge generated in the condenser water by the iron 



Table 1 0.3. Environmental aspects of alternative cool ing systems and power cycles 

System alternative Cost Geothermal fluid Air qual ity Noise 

Proposed single-flash Base Consumptive use of Release of less than 65 d BA at 50 ft 
power cycle, wet � 800,000 Ib/h r 50 Ib/hr hydrogen for cool ing 
tower cooling system sulfide (2 ppb or tower only 

less concentration) 
D ry tower cool ing system Higher than Negl igible Negl igible 1 00 dBA at 50 ft 

base for cool ing 

tower only 
I-' 

Wet/d ry tower Higher than Significant but l ess Significant but less More than base 0 I 
base than base case than  base case case � 

Double-flash power cycle Same as base Slightly less than base Sl ightly l ess than base Same as base case 
wet tower cool ing case (one less pro- case 
system duction wel l )  

Binary power cycle More than 

base case a a a 

a Refer to cool ing system alternative above for envi ronmental effects . 

.-



, 
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catalyst system has been respons ible for higher-than-de s irab le mainten

ance costs at The Geysers . Also , a substantial amount of the catalys t 

react ion products mus t  be mixed with the geothermal inj ect ion fluid for 

disposal . 

10 . 4  ALTERNATIVE TRANSMISSION LINES 

Alt ernative corr idors to the TA- 3  substat ion are d iscussed and 

compared in detail in Sect . 4 . 4 .  Sect ion 9 . 7  contains a d iscuss ion of 

two alternat ive routes to  a load center at San Ys idro and compares these 

routes with the corridors to Los Alamos . 

Compar isons between the Baca corr idor and the southern corr idor to  

Los Alamos ind icate that the Baca corridor is by far the least environ

mentally sens itive route to the TA-3 subs tat ion at Los Alamos . The Baca 

corr idor has less potent ial for impacts to land use , recreat ional 

resources ,  b iota , and archaeological resources and less potential for 

eros ion . Although one sect ion of the Baca corridor within the Santa Fe 

Nat ional Fores t has relatively severe visual impact , overall the ent ire 

corr idor entails less imp act to visual resources than the southern 

corridor .  

Routes I and I I  are very similar t o  each other . They are about 

one-third longer than the proposed corr idors . Overall , routes I and I I  

have the same potential for visual impacts as the proposed corridor , i f  

n o t  more . Eros ion p otential is greater along routes I and I I  than along 

the proposed corridors .  The eco logical impact s of routes I and I I  are 

less than those of the proposed corridors , primarily because routes I 

and I I  traverse lower elevational (and thus more common , state-wide) 

vegetat ional communit ies . The proposed corridors and alternat ive 

routes I and I I  have high potent ials for occurrence of archaeologic 

s ites ; however , mit igation by avoidance of s ites dur ing right-of-way 

p lacement is almos t  always possib le . Thes e corr idors also traverse Indian 

Pueblo land and have potential for affecting his toric sites . The Pueb los 

are listed as National Historic si tes . The possibility of infr ingement 

on Ind ian religious freedom als o exists . The greater length of routes I 

and I I  complicates the comparison of impact s by proport ionally increas ing 
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all impacts for these routes over the propos ed corr ido r .  Generally , the 

environmental impacts of routes I and II are probably s imilar to  or 

s lightly greater than those of the proposed corridor . Choice of routes 

I and II �ould caus e proj ect delay becaus e of negot iat ions with tribal 

landowners and considerably increased proj ect costs becaus e of the delay 

and the longer routes . In the future , however , routes I and II would 

probably be the logical choice for any 345-kV transmiss ion line from the 

Baca plant that might be neces s itated by future development to 400 MW 

( Sect . 4 . 5) . 





1 1 .  MITIGATION AND MONITORING 

11 . 1  MITIGATION 

The following measures and p rocedures will be implemented to mit i

gate the impacts of the proposed action as identified in the FEIS .  

11 . 1 . 1  Construction 

11 . 1 . 1 . 1  Land use 

Po tent ial land use related impacts have been discussed in Sect ion 

4 . 1 . 1 .  Mitigation of effects on nearby residences from construction 

related traffic and noise will be achieved through consultation with 

�� fected J.:eEjid.eI1ts and by avoidance of night-time construction traffic . 

Potential impacts related to increased eros ion will be mit igated by 

adherence to accepted construction practices to reduce eros ion . All 

roads and drill p ads will be diked ; runoff from these areas will be 

d irected t�. 
settling ponds before discharge to the surface drainage in 

order to minimize potential sedimentation o f  streams . All disturbed areas 

will be revegetated as soon after disturbance as is feasible according 

to the construction s chedul e .  

11 . 1 . 1 . 2  Water quality and use 

The most serious potential impact on water quality from proj ect 

construction could result from increased sediment loads in streams . 

Refer to the above sect ion for a discussion of measures to reduce 

increased stream turbidity and sedimentat ion and to S ec t .  11. 1 . 2 . 2 . 2  

for a dis cussion of measures to offset s tream flow depletion . 

1 1 . 1 . 1 . 3  Air quality 

Air quality related impacts during construction have been discussed 

in Section 4 . 1 . 3 .  Fugitive dust emissions will b e  reduced by watering 

of dis turbed land as is necessary to control dust . Gaseous emissions from 

well testing will be minimized by venting through a submerged discharge 

tube and cutting back well flow to 10% of flow as soon as feas ible after 

testing . 

11-1 
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11 . 1 . 1 . 4  Impac ts on b iota 

Potential impac ts on biota from well field development and power 

plant cons truction are detailed in Sec t .  4 . 1 . 4 .  Mitigat ion of effec ts 

on vegetat ion will be accomplished by minimiz ing fores t clearing and 

revegetating d is turb ed areas with native species . A mitigation plan to 

reduce impacts on rare plants has been cleared through the New Mex ico 

Heri tage Program ( see Appendix H) . The plan calls for surveying of all 

areas of the well f ield potentially involved in well pad , road , pipeline 

or plant cons truction for presence of rare plants and subsequently avo id

ing any populat ions of rare plants thus identif ied if poss ib le .  

Well field development and power plant cons truc t ion will inevitably 

involve year-round elk habitat . Complete mitigation of  effects on elk 

will be impossible ; however , d is turbances to elk will be minimized by 

avoiding the heaviest elk use areas in Redondo Canyon . These areas include 

identif ied elk wallows and favored feeding areas . Fores t  cover will be 

maintained surrounding well pads and roads to screen them from elk use 

areas . Fur ther mi tigation will be coord ina ted with New Mexico Game and 

Fish . 

The presence of the Jemez Mountain salamander , a state designat ed 

endangered species has been confirmed in Redondo Canyon . A plan for 

mitiga tion of effects on this species has been approved by the New Mexico 

Game and Fish Department (Appendix H) . Dense salamander populat ions that 

are identified during precons truct ion surveys will be avoided . Where 

avoidance is no t pos sible , removal and relocat ion of individuals will be 

ac comp lished by PNM biologis ts . If salamanders are no t ac tive on the 

surface , no removal mitigation will be performed . 

Mitigation of potential �dverse effects on aqua tic biota will be 

accomp lished by measures to reduce eros ion ( see Sect . 11 . 1 . 1 . 1 ) . Sett ling 

ponds will be cons truc ted to reduce sediment impac t to Redondo Creek . 

11 . 1 . 1 . 5  Impacts on his toric and archaeological s ites 

An approved mitigat ion plan to prevent the loss of signif icant his

toric and archaeological inf ormation is presented in Appendix E .  
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11 . 1 . 1 . 6  Impacts on Ind ian religiou s and cultural activities 

In compliance with Sect . 2 of the Amer ican Indian Religious Freedom 

Ac t (P . L .  95-341) , the Interagency Task Force on Indian Religious Free

dom submitted a report to the President which outlines the policies and 

procedures to be followed by the various Federal agencies to protect and 

preserve Ind ian religious rights and practices . Tha t report contains 

a tentat ive 4-step approach by which DOE would satisfy the provis ions of 

the Ac t .  Before DOE would proceed with its proposed activity : 

( 1 )  An investigat ion would be made to determine if the site is related 

to Indian rel igious s ites or ceremonies ; 

( 2) If the site is currently the subj ec t of religious pract ices , 

rel igious leaders will be consulted to determine whether the pro

posed ac t ivity would infr inge on the free exercise of relig ion ; 

( 3 )  If  consultat ion ind icates there would be an inf r ingement , alternate · 

plans wou ld be prepared in consul tat ion with religiollR 

leader s ;  

( 4 )  If no alternate plan i s  feasible , and a conf lic t  s t ill exis ts , the 

DOE Ass is tant Secre tary for Env ironmenr will balance the compelling 

int ere s t  of the proposed act ivi ty with the infri ngeme nt on the free 

exercise of re l i gi on. Any deci s i on to proceed with the proposed 

act ivi ty mu st be approve d by the Se cret ary of DOE . 

DOE i s  apply ing th is 4-s tep procedure t o  the Baca geoth erma l demon

s t rat i on proje ct . 

The project area � s  located at the base of Redondo Peak , the summi t 

of wh ich is a known s acred s i te t o  the Pueb lo Indians . Hence , the pro

ject is re lated to and cou l d  imp act a re l i gi ou s  s i te or re l i g i ou s  prac

t ices on that s it e .  Consul tat ions with Indian leaders revealed the ext ent 

of \ pos s ible infringeme nt by the proje ct . Part icu lar concerns for imp acts 

on Indian re l i gi ou s  free dom were ident if ied ( DOE Pub l i c  Hearing , Aug.  3 0 , 

1 9 79 ) . Thos e concerns have been addre s s ed in th i s  do cume nt ( Sect . 4 . 1 . 7 ) . 
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The impact analyses resulting from consultations with the Indians 

indicate there would be infringement on the free practice of the Pueb lo 

religion . To this point the Indians have been extremely reluctant to 

divulge the details of their religion , esp ecially the location of 

religious sites . Therefore , the exact nature and extent of the infringe

ment is s till somewhat sp eculative . The discussion of potential impacts 

( S ects . 4 . 1 . 7 , 4 . 5 . 1 . 6 ,  and 4 . 5 . 2 . 6 ) provides a reasonable qualitative 

des crip tion of the infringement . 

In accordance with the DOE tentative p rocedure for handling infringe

ment , consultations with Indian leaders have been held . As an alternate 

p lan , DOE proposed the following provisions on which to base a mitigation 

p lan for protecting Indian religious freedom : 

1 .  consultations with Indian leaders on the design , siting , and con

s truction of p ower p lant facilities , including transmission lines , 

to minimize impacts on areas of  religious significance ; 

2 .  consultations throughout the op erating p eriod o f  the facility to 

assure minimum interference with religious rights and practices ; 

3 .  protection and pres ervation o f  religious sites located in the p ro

j ect area or otherwise under the proj ect operator ' s  control ;  

4 .  guarantees o f  access t o  religious sites under the proj ect operator ' s  

control ; 

5 .  promp t notification of Indian leaders in case o f  an accident that 

may cause contamination of fresh water supp lies ; 

6 .  assis tance in identifying areas within Baca location where religious 

obj ects may be collected ; and 

7 .  consultation on plans for any future geothermal development by the 

proj ect operators in Baca location . 

The above provisions and any others would be subj ect to negotiation 

and approval by the Pueblo Indians , DOE , and the proj ect op erators . The 

proposed mitigation measures have been rej ected ( see App endix J ) . The 

only alternate p lans accep table to the Pueb los would be no Federal action 

or relocation of the proj ect to other sites in the United States . These 

alternatives have been addressed in Chap ter 9 .  
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11 . 1 . 1 . 7 Noise impacts 

Noise is potentially a high leve l impact, with geothermal develop

ment ; however ,  noise abatement procedures have been developed that 

s ubstantially . re�uc� �h�§� , potential impacts . Noise mitigation occurs 

at four s tages : cons truction , drilling and flow testing , operation and 

accidents . During cons truction , equipment that might result in high 

noise levels will be restricted to daylight operat ion . During well 

drilling , muffled diesel rigs will be used , and air drilling wil l  not be 

neces sary . During flow testing , venting will be through submerged 

discharge diffusers . Steam releases required as result of acc ident s 

will be muffled vents or through submerged diffusers . These mitigation 

measures will result in the estimated noise levels used to analyse noise 

impacts in Sect . 4 .  

11 . 1 . 2  Plant operation 

11 . 1 . 2 . 1  Land use 

Impact s on surrounding land uses during plant operat ion will be 

minimal.  No mit igation is proposed . 

11 . 1 . 2 . 2  Water quality and use 

11 . 1 . 2 . 2 . 1  Surface water 

Impacts on water quality during operat ion would accrue only from an 

accidental release of geothermal fluids . A spill mit igat ion and preven

t ion p lan is on file with the State of New Mexico (refer to Appendix G) . 

A dis cussion o f  measure to mitigate depletion of the Jemez River is 

presented below. 

11 . 1 . 2 . 2 . 2  Groundwater 

To help mit igate potential adverse impacts to shallow groundwater 

from p lant operations , fluids will neither be directly withdrawn from , 

nor inj ected into , shallow aquifers and shallow aquifers will be pro

tected from surface infiltrat ion by the use of impermeable pits (sump s )  

with high freeboard to contain vented and /or drilling fluids . 



11-6 

Deplet ion of flow of the Jemez River resulting from the withdrawal 

of geothermal fluids will be offset (mitigated ) by the acquisition of  

water rights . Union has app lied for a permit to withdraw a total of  

14 ha ( 34 . 5 9 acres ) from irrigat ion , equivalent to  44 acre-ft of  water . 

The land will be ret ired in 0 . 5 7 ha ( 1 . 4 acres) , equivalent to 

1 . 7 7  acre-f t  of  water , at f ive-year intervals . It is es timated that 

5 . 6 7 ha (14 acres)  or approximately 17 . 7  acre-ft of water will be 

required to  offset the impact o f  the 50 MW facility . The remaining 

water rights (approximately 26 acre-ft)  will be available to offset the 

impacts of any future development . These lands are located near 

La Cueva. 

11 . 1 . 2 . 3  Impacts on air quality : hydrogen sulfide mit igation 

The estimated releases of hydrogen sulfide to the environment 

during normal p lant operation are based on a H2 S abatement system that 

uses the Stretford process to remove a high percentage of the H2S and 

convert it to elemental sulfur for disposal or res ale . Absence o f  this 

or a s imilar abatement system would result in the release of up to 

2 30 lb /ton of H2S  during normal p lant operation , compared to up to 

43 lb /ton abated . 

Efficient drift eliminators on the cooling towers will reduce the 

resultant salt drift to the lowest possib le levels . 

1 1 . 1 . 2 . 4  Impacts on b iota 

Imp acts to b iota from normal operation would be minimal (see Sect . 

4 . 2 . 4) . Hydrogen sulfide abatement and efficient drift eliminators on 

the cooling should reduce emiss ions we ll be low levels that will affect 

b iota . 

11.  L 2 . 5  Seismic and geo logic-related impacts 

No mitigat ion measures for induced seismicity or land subs idence 

resulting from p lant op erat ions have been p roposed by the app lican t .  

Suggested mitigat ions would be : cessation o f  forced reinj ection if it  
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was determined to induce seismicity and decreased rates of fluid with

drawal to slow induced subs idence . 

11 . 1 . 3  Potent ial accidents 

11 . 1 . 3 . 1  Blowouts 

Blowout-prevention equipment will be used on both the exp lorat ion 

and product ion wells . Cement packing around the casing is intended to 

contain the fluids in the event o f  a cas ing failure ; however , if rupture 

occurs , the well will be recomp leted . 

11 . 1 . 3 . 2  Pipe rupture 

Pipelines can be isolated within a matter of several hours by shut

t ing back product ion of the appropriate wells . In the meantime , flow 

will be diverted into a reserve pit . If necessary , the generat ing p lant 

will be shut down unt il repairs are made . It is to be expected that 

downstream users will be notified in case of a spill reaching the Jemez 

River . 

11 . 1 . 4  Mitigat ion for transmission lines 

Mitigation of adverse effects from transmiss ion line construct ion 

will include adherence to recommended criteria for route p lanning , tower 

design , right-of-way clearing and line construction detailed in U . S .  

Department o f  Interior and U . S .  Department of Agriculture (1970 ) . 

Vegetation clearing along the right-of-way will be held to a mini

mum . Along much of the r ight-of-way , selective removal and topping of 

danger trees will be suff icient . Where necessary , structure p lacement 

will be accomplished by helicop ter to reduce disturbance . Long spans 

will be utilized at s tream crossings to prevent disturbances to stream

banks and riparian vegetation . 

To mitigate soil-related impacts , a detailed engineering and soil 

s tab ility survey will be conducted along the right-of-way to identify 

so ils that would be unsuitable for construction . These soils will be 

avoided in transmiss ion line construction . Erosion control methods 
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outlined in the U . S .  Department of Agriculture and U . S .  Department of 

the Interior (1970) criteria will also be used for mitigating adverse 

soil-related imp act s .  All areas disturbed during construction will be 

reseeded immediately following line construction to minimize eros ion and 

effects on vegetation . 

Mit igation of effects on rare and endangered species will be the 

s ame as those described for the well field and p lant s ite ( Sect . 11 . 1 . 1 . 4 ) . 

Mitigation of effects on elk from line construction will be achieved by 

avo idance of important elk use areas . If the line is p laced near elk 

calving areas , construction will not occur during the calving season . 

Visual impacts will be mini�ized by final p lacement of right-of-way 

to reduce vis ib ility from public use areas . Long spans will be utilized 

at road crossings to reduce structure visibility . A s creen of vegeta

t ion will be maintained between the line and roads and public use areas . 

The corridor will be surveyed for archaeologic resources prior to 

final line p lacement .  All identified· archaeologic sites will be avoided 

if possible . Mitigat ion of e ffects on archaeologic resources is des

cribed in more detail in the mitigation p lan submitted to the S tate 

Hi storic Preservation Off icer . 

11 . 2  MONITORING 

Environmental monitoring studies have been conducted at the proj ect 

s ite to establish a baseline for comparison of proj ect impacts and to 

provide data for the environmental analyses contained in this document . 

The preoperational ecological s tudies and air quality and hydrologic 

monitoring are described below .  Additionally , studies of land use ,  

socioeconomics ,  and a predict ive study o f  archaeological resources were 

accomp lished . These s tudies and results are discussed in detail in 

Sect . 3 of this document . Also , LASL is conducting a generic assessment 

of the environmental readiness of the liquid-dominated , hydrothermal 

technology for the Of fice for Environment in DOE . This effort focuses 

on the Baca demonstration proj ect as the prototype facility . 

A detailed p lan for environmental monitoring during p lant cons truc

tion and operat ion to measure impacts associated with the proposed 
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proj ect is in preparat ion by the commercial partners . Much of the p lan 

is yet to be formul!lt:.e.� .. fo� apPl:'0val by DOE . Therefore , it is not 
. .  - . "  ... , .. . � 

possib le to discuss the ent ire monitoring program in detail . The 

fo llowing is a brief summary of the proposed surface-water , ecological , 

and air quality operational monitoring.  

11 . 3  PREOPERATIONAL MONITORING 

11 . 3 . 1  Ecological 

11. 3 . 1 . 1  Terrestrial 

Monitoring of the terrestrial biological sys tems consisted 

of  five baseline s tudies of the region surrounding the proposed proj ect 

area conducted between 1974 and 197 8 .  The studies included vegetational 

surveys , samp ling of small mammal populations by live-trapping methods ,  

b ird transect surveys , elk pellet group transect count s ,  and general 

observation of sign and scat for larger mammals . A detailed , s urvey of 

rare and endangered species was conducted for the region surrounding 

Redondo Canyon ; the s tudy included detailed searches for Jemez Mountains 

salamander habitat . Also , a winter survey of large mammal populations 

and movements was conducted for the region surrounding Redondo Canyon . 

Re sults of all these s tudies are summarized in the present document and 

are elsewhere reported in detail (Public Service Company of New Mexico 

1978 ; Whitford 19 74 ; Whitford Ecological Consultants 19 75a,  19 7 5b , 

1975c) . 

11. 3 . 1 . 2  Aquatic 

Preoperational monitoring of aquatic biota of Redondo Creek ,  Sulfur 

Creek , and the San Antonio River was conducted during July and August of 

1978 by Whitford Ecological Consultants ,  Las Cruces , New Mexico . 

Monitoring consisted of (1)  a physical description of Redondo , Sulfur , 

and San Antonio creeks , ( 2 )  samp ling and taxonomic descrip tion of the 

algal community at 18 stations in Redondo and Sulfur creeks , and 

(3)  s amp ling (using a Surber sampler) and qualitative descrip tion of the 

macroinvertebrate benthic community at 25 stations in Redondo , Sulfur , 

and San Antonio creeks . 
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11 . 3 . 2  Hydrologic 

Discharges of Redondo Creek , Sulfur Creek, S an Antonio Creek , and 

the East Fork of the Jemez River were monitored from November 19 75 

through October 1976 (1  year) by Water Resources As sociates , Scottsdale , 

Ar iz ona . However , the hydrologic data collected were broken and of poor 

quality . Surface-water samp les were collected from Redondo Creek and 

other streams and springs in the vi cinity of the s ite from 1974 through 

1976 and analyzed for a number of water quality parameters (see Tab le 

3 . 3) .  In Sep tember 1974 samp les were collected at three s tat ions at 

Redondo Creek .  During the October 19 75 and 19 76 samp ling periods , 

however , samp ling was limited to one s t ation on Redondo Creek (S tation 

BC-8 ) . A limited number of water quality parameters (temperature , pH,  

hardness , alkalinity , dissolved oxygen , and transmit tance) were measured 

in situ at 19 stat ions in Redondo , Sulfur , and S an Antonio creeks in an 

aquat ic ecology survey conducted in the summer of 19 7 8  by Whit ford 

Ecological Consultants .  

A preoperational groundwater monitoring program will b e  adminis tered 

by the commercial partners . This p ro gram will be directed toward estab

lishing regional baseline groundwater quality , water levels , and move

ment . The monitoring program is currently in ef fect and will continue 

subsequent to baseline data collection (see Sect . 11 . 2 . 2 . 2 ) . Sample 

localities are the sp rings and wells to the west and south of  the proj ect 

s ite , with addit ional s ites on the Baca Ranch lands . As p rop osed , three 

data collect ions will be made p er calendar year , with emphasis on spring 

and f all season s .  

Discharge measurements and sampling for water quality analyses will 

be made at the following springs : 

• McCauley Ho t Springs 

• San Antonio Ho t Springs (two sites ) 

• Soda Dam ( two sites) 

• Sp ence Spring 

• Sulfur Springs 

• S an Antonio Warm Springs 

• Jemez Sp rings (one site) 
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The fo llowing wells will be sampled for water quality , and water-level 

measurements will be made : 

• Three Ho fheims We lls (at La Cueva) 

• Forest Service Well (at Horseshoe Springs) 

• LASL Te st Wells A ,  B,  C,  and D 

• Baca Ranch Wells 

• Two USGS We lls (near Bat tleship Rock) 

1 1 . 3 . 3  Atmospheric monitoring 

The monitoring of the atmo spheric environment in the vicinity o f  the 

proj ect site involved b oth air quality monitoring and meteoro logi�al 

data collect ion . 

Air quality _ monitoring consisted o f  samp ling at 50  stat ions in 

the general area for hydrogen sulfide concentrations over a 50-day period . 

In the area of  the geo thermal wells themselves , H2S concentrat ions were 

monitored at 24 loci over a period of 11 months . The "Co lortec" detector 

marketed by Me tronics As sociates Inc . was used for the measurements . 

Suspended part iculate measurement s have been ob tained at the site using 

a high-volume air sampler . 

Meteorological data - wind speed and direction 8 ft above terrain 

level - were co llected at four locations ; temperature ,  humidity and 

precipitation measurement s were taken at the proj ect office . The four 

sites where wind observat ions were obtained are : one at the proposed 

plant s ite , two in a saddle at the head of the canyon (Redondo Creek) , 

and one at the flat locat ion below the mouth of  the canyon . Wind ob ser

vations were also made at this fourth locat ion as a funct ion of height 

us ing weather balloon s ,  s ome of which carried radiosonde transmitters to 

collect temperature data also . 

11 . 4  OPERATIONAL MONITORING 

11 . 4 . 1  Ecological 

11 . 4 . 1 . 1  Terrest rial 

Proposed operational monitoring will consist of a cont inuation o f  

many o f  the preoperat ional baseline studies o f  flora and fauna a s  outlined 

/ ! 
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b elow and will extend over the five year period of DOE involvement with 

the proj ect . 

Avian Monitoring Program. Roadside census will be conducted 

seasonally along all estab lished roads in the well field-plant site area 

for four consecutive days . Along with these roads ide censuses ,  p lot 

c ensuses would be conducted in the three habitat types (mixed conifer , 

wet meadow, and xeric-south-facing slopes) occurring in the p lant s ite

well field area . One habitat type will be censused each day for the 

three consecut ive days of seasonal monitoring . 

Mammalian Monitoring Program .  Small-mammal live trapping will b e  

conducted seasonally in each o f  the three habitat types in the well 

field-plant s ite area for 'four consecutive days . These three habitats 

will be censused utilizing a 100- by 100-m grid and utilizing Sherman 

live trap s .  Three sets of  50 trap s  will be used for performing assess

ments in different areas of the p roj ect area . 

Elk and deer pellet transect p lots wil l  be estab lished throughout 

the proj ect area . These will be read s easonally to determine the p opu

lat ion size of the elk herds in the proj ect area . Maj or elk migration 

trails and wintering areas will be determined and monitored for use . 

Faunal Reconnais sance Program. Two days will be spent travers ing 

the proj ect area searching for signs of  larger animals ,  such as bear and 

cougar . These reconnaissance ses sions will also turn up species not 

encountered during censusing sessions . A search for reptiles and 

amphibian occurrence in the proj ect area will also be a p art of the 

out ing . 

Jemez Mountains Salamander Monitoring Program. During optimum 

p eriods (cool wet spring and summer days) , two to four days will be 

spent searching for the salamander to p rovide more information on its 

range and general abundance in the proj ect area . 

Peregrine Fa lcon Monitoring Program. In carrying on other portions 

of the monitoring program, field observers will note any p eregrine 

s ightings . If any sightings are made , a determination of the proximity 

of ne sts will be made . 
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Biotic Summary , Monitoring of Floral Components on the Baca 

Geothermal Proj ect.  The program delineated below serves to expand 

exis ting informat ion of the floral characteri�tics o f  the Baca proj ect 

area . Realiz ing that a sizab le quant ity of information exists (Whit ford 

1974 , Pub lic Service Company of New Mexico 1 9 7 8 ) , this program essent ially 

supplements baseline data to complete the picture of the floral composi

tion o f  Redondo Creek Canyon . With this completed baseline picture 

prior to actual startup of the generation stat ion and with continued 

monitoring , any mod ificat ion of the ecosystems in the proj ect area will 

become evident . 

The program out line is as follows : 

1 .  Complete the ident ificat ion o f  both taxa and plant associat ions . 

2 .  Delineate study points ( i . e . , transect s)  within the Redondo Canyon 

study area for future monitoring . 

3 .  Monitor components seasonally for changes in vegetat ion type and 

physiological stresses induced in the vegetation . 

11 . 4 . 1 . 2  Aquatic 

Operat ional monitoring of aquatic b iota will include (1) collec

t ion and species identificat ion of aquatic macrophytes at each sampling 

location , (2) sampling and generic identificat ion of the more abundant 

periphyton at each site , (3 )  sampling (by Surber sampler) and qualitative 

descrip tion o f  macroinvertebrate benthos at each s ite and identification 

to family or genus , and (4)  qualitative descrip tion of the f ish com

munity at each station by collection (seining) , identification , and 

enumeration o f  fishes . In conj unc tion with monitoring of aquatic b iota , 

s tream sub strate divers ity will be measured by mapping substrates 

according to size of the expo sed surfaces .  Five replicate square-foot

areas will be mapped at each sampling s ite . Neither sampling stat ions 

nor sampling frequencies have been defined for the 

program for monitoring aquatic b iota . 

operat ional 
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11 . 4 . 2  Hydrologic 

During construct ion and after p lant operat ion has begun , the 

applicant intends to cont inue monitoring of surface-water quality and 

aquatic biota at the site to detect environmental effects . To monitor 

the effects of cons truc tion and operation on surface-water quality , 

surface waters will be collected at the following seven locations : 

BC-2 - Jemez River at Batt leship Rock be low its conf luence with 

San Antonio Creek .  

BC-6 - Eas t Fork of the Jeme z  in Valle Grande above its confluence with 

San Antonio Creek . 

BC-4 San Antonio Creek at La Cueva Camp ground below its confluence 

with Sulfur Creek . 

BC-5 - San Antonio Creek at San Antonio Campground above its confluence 

with Sulfur Creek .  

BC- ll - Sulfur Creek above its conf luence with Redondo Creek. 

BC-8 - Redondo Creek above its confluence with Sulfur Creek and below 

the proj ect site . 

BC-9 - Headwaters of Redondo Creek above the proj ect site . 

These locations were se lected to coincide with those included in a 

previous study of the Baca watershed conducted for Union Geothermal 

Company of New Mexico in 19 74 . Water samp les from each samp ling loca

tion will be analyzed for parameters that are cons idered to have health 

or environmental significance ; however , specific parameters to be deter

mined have not been indicated by the app licant . Samp ling frequency , 

initially once a month , minimum, will be reduced after the initial 

collect ion of b aseline data is comp lete . In conj unction with monitoring 

of aquatic b iota (described below) , determinations of water velocity and 

discharge , dissolved oxygen , free carbon dioxide , carbonate and b icar

bonate alkalinity , conductivity , water temperature , turbidity , suspended 

solids , dissolved solids , pH , total nitrogen , and total phosphorus will 

be conducted . 

A continuation of the preoperational groundwater monitoring program 

( Sect . 11. 3 . 2 ) will be administered by the commercial partners during 

p lant construct ion and operat ion . This program will be instrumental in 
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evaluating the e ffects on the regional groundwater system of geothermal 

fluid withdrawal from the Caldera Reservo ir . In part icular , the moni

toring schedule is designed to detect spring and streamflow dep let ion in 

the proj ect vicinity and along the Jemez River in S an Diego Canyon . The 

monitoring program is being expanded to include other maj or streams 

whose headwaters lie in the Valles Caldera (e . g . , Santa Clara Creek) . 

Monitoring will be conducted as described in S ect . 1 1 . 3 . 2  as long as 

necessary to detect and mit igate any proj ect-related groundwater impacts . 

11 . 4 . 3  Atmospheric monitoring i i �/. f 

A meteorological and air quality monitoring p ro gram is planned to  _ 

go into e ffect in July 19 79 . Data will b e  collected from four s tat ions , 

two of which will '
b�-"V�t fixed locat ions - the p lant site and the Meadow 

location at the mouth o f  Redondo Canyon - and two o f  which will be 

mob ile . 

At the plant site , a 200-ft tower will be emp loyed to collect data 

on wind speed and direct ion , temperature and relative humidity at three 

levels , together with solar radiation and precipitation data collected 

at ground level . Pilot balloons will also be launched and tracked for 

several weeks each season . The air quality monitoring program at the 

plant site will employ a Me loy-285 sulfur analyzer for H2S monitoring 

and monitors for measuring suspended particulates . 

At the Meadow site a bistatic acous tic sounder is to be emp loyed to 

gather informat ion on winds aloft and atmospheric strat ificat ion . 

Each of  the mobile stations will have a 30-ft tower for wind speed 

and wind direc tion ob servat ions together with a Meloy-285 sulfur 

analyzer and a monitor for measuring susp ended part iculates . 

11 . 5  ENFORCEMENT 

Enforcement is def ined as the pro cedure to b e  used to ins t itute 

corrective measures to address prob lems identified by environmental mon

itoring . Enforcement is the feedback loop that links problem identifi

cation to mit igat ion . The f irst step is recogniz ing that a p rob lem 
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exists . Monitoring will identify changes or impacts on the environment ; 

however , the significance of  those changes mus t  be assessed before they 

c an be defined as problems . The following significance criteria will be 

used to determine if a problem exists : 

1 .  Does the magnitude of the change exceed the impact p redicted in 

the EIS ? 

2 .  Does the change occur in an area where no impact had been p redicted 

in the EIS ? 

3 .  Does �he change occur for a longer duration than p redicted in the 

EIS ? 

If a problem is found to exist , its impact and significance will be 

assessed and mit igat ion measures or corrective actions identified and 

implemented as required by app licable Federal , state , and local regula-

t ions . 
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12 . DISCUSS ION OF COMMENTS RECEIVED CONCERNING 
THE DRAFT ENVIRONMENTAL IMPACT STATEMENT 

Comments on the DEIS were received from 19 individuals and 

organizations prior to the end of  the comment period on Sep t . 7 ,  1 9 7 9 . 

In addit ion , 2 8  persons made oral presentations at the public hearing 

held in Albuquerque on Aug . 3 0 ,  1979 ; and nine persons represent ing 

five Indian pueblos made oral s tatements at a pub lic meeting in 

Albuquerque on Aug . 16 , 1 9 7 9 . The areas of substantive concerns raised 

in the comment let ters and in the public hearing and meet ing statements ,  

and which are considered in this f inal do cument , include : (1 )  infringe

ment on religious freedom and desecration of sacred sites , ( 2 )  effects 

o f  geothermal development beyond the init ial 50-MW p lant , (3)  transmiss ion

line corridor impacts , (4)  surface-water and groundwater impacts , ( 5 )  air 

quality degradation ,  ( 6 )  disturbance of  historic s ites and de gradation 

of natural scenic beauty , ( 7 )  socioeconomic and cultural impacts on 

local communit ies , and ( 8 )  failure of the DE IS to adequately consider 

alternatives in the areas of technology and land us e .  

This section summarizes the areas of  comment , provides a generic 

response to each category of comment ,  and indicates where maj or modifica

tions to the DEIS have been made . 

The hearing board summary and responses are contained in Appendix H; 
wr it ten comments and responses are contained in Appendix I . 

12 . 1  PUBLIC MEETING WITH PUEBLO REPRESENTATIVES 

A public meeting was held at the request of the All Indian Pueb lo 

Council in Albuquerque on Aug .  16 , 1 9 7 9 . At tendees included representa

t ives from DOE ' s San Francisco office and its Albuquerque Proj ect Office , 

and representat ives from Union Geothermal Company of New Mexico (Union) , 

Pub lic Service Company of New Mexico (PNM) , Oak Ridge Nat ional Labora

tory , the New Mexico Water Resources Association , the All Indian Pueb lo 

Council , and the Santa C lara , Jemez , Tesuque , Cochit i ,  and San Filipe 

Pueblos . 

This was an information-exchange meet ing . Representat ives of DOE , 

Un ion , and PNM descr ibed the proposed proj ect and presented background 
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information . S tatements were also made by nine representatives of  the 

f ive pueblos , who expressed their oppos it ion to the proj ect . Areas of 

sub s tantive concern with respec t  to the proj ect and the nElS , as 

expressed in the s tatements by Pueb lo representatives , included : 

1 .  The Indian Pueb los were not consulted early in the preparation 

phase of the nElS or before exploration activities were begun . 

2 .  Geo thermal development would probab ly degrade the quality and 

decrease the available supply of surface water and groundwater in 

the area. 

3 .  Geo thermal development would intrude upon the rel igious and cultural 

life of the Indians and would violate the American Indian Religious 

Freedom Act . 

4 .  No benefits would accrue to the Ind ians as a result of  geothermal 

development . 

5 .  The nElS does not address the impacts of full development o f  geo

thermal resources in the known geothermal resource area (KGRA) by 

PNM and Union or by other geothermal developers .  

Reference 1 is a complete transcript o f  the presentat ions and statements 

at this meeting . 

12 . 2  PUBLIC HEARING 

A public hearing on the nElS was held on Aug .  30 , 197 9 , at the 

Shalako Mo tor Inn in Albuquerque . This hearing was attended by about 

125  persons , and oral s tatements were made by 28 participants . Ref erence 

2 is a trans cr ip t  of this hear ing . Appendix E is a summary by the hearing 

board of the concerns expressed and the obj ect ions made concerning the 

nElS dur ing the public hearing . Concerns and substant ive issues were 

classified in the hearing board report as follows : 

1 .  Obj ections t o  the S cope and Suffic iency o f  the nElS 

A .  Obj ec tions were raised that the nElS is legally insufficient 

in that it does not adequately consider the effects of full 

development of the geothermal reservo ir .  
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B .  The DEIS was s tated t o  have failed t o  address sociological and 

cultural impacts of the proj ect upon the native American Indian 

population . 

2 .  Obj ect ions t o  Technical Studies 

A .  Hydrology data and computational methods were questioned . 

B .  Air pollutant emissions and computer codes used t o  model 

concentrat ions were questioned . 

c .  Noise impacts of the proj ect closer than the nearest res ident 

were questioned . 

D .  Spills , accidents , and vandalism were stated t o  b e  inadquate1y 

addressed .  

3 .  Obj ect ions to  Environmental Evaluations 

A .  The DEIS was s tated to have not evaluated the adequacy o f  

highways and road ways to  b e  used b y  the construct ion companies 

during the p roj ected two-year cons truction schedule . 

B .  Location and type  o f  transmiss ion lines t o  b e  built for 

proposed 50-MW p lant and sub sequent additions were s tated to 

be inadequately discussed . 

c .  The effects on the existing and p roposed designation and use of 

the Baca Locat ion as a natural landmark or as potent ial pub lic 

land were stated to  be insufficiently treated . 

D .  Legal responsibilit ies for p rotecting the s ite from being 

altered or destroyed as -a recreational and scenic area were 

questioned . 

E .  I t  was requested that alternatives to  p roposed power-generat ing 

plant design in order to save limited water resources in the 

area be exercised . 

F .  Economic feasib ility of the proj ect as compared to coal or 

oil-fired plants was questioned . 

G .  Increased activities b y  other drilling companies in the Jemez 

l10untains area were cited as potent ial outgrowths of this 

p roj ect . 

H .  Future development beyond the init ial 5 0-MW p lant was s tated 

to require more analys is . 
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I .  General frustrations in dealing with the government were 

expressed by some individuals . 

12 . 3  SUMMARY OF COMMENTS 

The substantive concerns raised in the wr it ten comments and in the 

oral s tatements made in the public meeting and hearing all fall within 

the following categories : (1 )  potential infringement on religious 

freedom and desecration of sacred sites , ( 2 )  ef fects of geothermal 

development beyond the init ial 50-MW plant , ( 3 )  transmiss ion-line 

corridor impacts , ( 4 )  surface-water and groundwater impact ,  ( 5 )  air

quality degradat ion , ( 6) dis turbance of historic s ites and degradat ion 

o f  natural scenic beauty , ( 7 )  socioeconomic and cultural impacts on 

local communitie s ,  and ( 8 )  failure to adequately cons ider alternat ive 

land uses and alternative power plant technology . 

The f ollowing d iscussions have been prepared to clarify and 

summarize the areas of  substantive concern that were raised and to 

indicate the general nature of the modificat ions that have been made 

to the DEIS in respons e there to .  

12 . 3 . 1  Infr ingement on  religious freedom and desecration of sacred s ites 

Many comments writ ten and orally presented at the public meet ing 

and at the public hearing expressed concerns by pueblo res idents that 

the proposed development and , to a much greater extent , the ant ic ipated 

additional future geo thermal development in the area , will result in 

extens ive phys ical dis turbance to sites cons idered sacred by the Indian 

communities . In addi tion , fears were expressed that the proposed con

s truc tion and plant operations will result in an influx of people into 

the area that will result in intrus ions into sacred areas and will 

interfere with the Indians ' tradit ional religious activities and 

ceremonies . 

Sec tion 4 . 1 . 5 . 2 has been expanded and Sects . 3 . 1 . 10 and 4 . 1 . 7  have 

been added to  reflect the potential impacts to sacred s ites and to the 

Ind ians ' use of the area for ceremonial purposes . Re ference is also made 
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to the pas t ,  current , and p lanned future consultations , meetings , and 

information exchanges with the Indian pueblos by DOE and participant 

proj ect representatives . Also , DOE is continuously consult ing with 

Indian religious leaders in order to minimize the po tential for infringement 

on the religious freedom of nat ive Americans . 

12 . 3 . 2  Effects of  geothermal development beyond 'the init ial 50-MW plant 

Many comments were received point ing out the inadequate evaluation 

and presentation of  potent ial impacts associated with addit ional future 

development of geothermal resources in the area. Part icularly , men

tioned was the possibility that Union and PNM will build up to two 

addit ional 50-MW p lants in Redondo Canyon i f  the first plant proves to  

be economically viable . Also mentioned were statements in the DEIS  to 

the effect that up to 400-MW of generating capacity may be built to use 

this reservoir . 

Section 2 . 5  has been rewritten to better explain the potential 

development beyond 50-MW . Section 4 . 5  has been expanded to  provide more 

explicit estimates , where existing data permit , of the potent ial impacts 

of the cons truction and operation of  up to seven addit ional 50-MW plants 

in Redondo and Sulphur Creek canyons . 

12 . 3 . 3  Transmiss ion-line corridor impacts 

Several comments expressed concern that the DEIS does not adequately 

present analyses of  impacts and tradeoff studies involving alternative 

transmission line corridor s ,  particularly possible corridors extend ing 

west and south from the proposed Baca Location . It was pointed out 

that the proposed 1 15-kV line to the Los Alamos subs tation will accom-
• modate only two additional 50-MW power plants . Further development 

would require add itional transmiss ion capability .  

Section 4 . 5  has been expanded t o  include more detailed evaluations 

of environmental impacts expected for alternat ive 345-kV transmiss ion 

lines extending generally north,  wes t , and s outh from the initial 

50-MW plant site . 
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12 . 3 . 4  Surface-water and groundwater impacts 

Concerns were expressed that geothermal development , part icularly 

expans ion to 400-MW capacity , could seriously impact both the quant ity 

and quality of the surface water and groundwat ers in the area and even 

far downstream from the geothermal well f ields . Such concerns were 

expressed both in terms ,of the phy s ical well-being of persons living in 

the area and in terms of infringements on religious freedom. It was 

pointed out that local spring , stream ,  and river waters are a key 

element in Ind ian religious ceremonies , customs , and daily rituals . 

Any unnatural alterat ion of the waters ( chemical or thermal alterat ion 

or reduct ion in quantity) is cons idered debasement of a sacred element 

of the Ind ian culture and religion . In addit ion , concern was expressed 

that the supply of fresh groundwater for domes t i c ,  livestock, and 

agricultural use might be adversely af fected by the proposed proj ect . 

Also , concerns were raised over the use of arsenic in es tabl ishing 

dilut ion ratios , rather than a more s t a b l e  

o r  boron. 

ion such as chloride 

Section 4 . S ,  which addresses effect s of future developments beyond 

SO MW ,  has been rewr itten to address ,  to the extent possible , the 

expected impacts on surface water and groundwater quality and quant ity 

caused by three SO-MW plants in Redondo Creek Canyon and five SO-MW 

plant s in Sulphur Creek Canyon . Also , S ect . 3 . 1 . 3 . 2  and 4 . 2 . 2  have been 

revised to include dilution analyses using more conservat ive ions ( i . e . , 

chloride , b�omide ,  boron , and lithium) . 

12 . 3 . S  Air quality degradat ion 

Some comments expressed concern for the impacts result ing from 
• 

po llutants emitted into the air from cooling towers , vent ing wells , and 

accidental spills . Particular concern was expressed that the DEIS 

does not adequately address the s ignificance of air pollutants , 

part icularly hydrogen sulfide , result ing from full ( 400-MW) f ield 

development .  

Sect ion 4 . S has b een expanded to include discuss ions o f  potential 

impacts to air quality result ing from development beyond the init ial 
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5 0-MW plant . This future development is considered in two increments : 

the completion of  two addi tional 50-MW plants in Redondo Creek Canyon , 

for which the air quality impacts are expected to be s imply additive ; 

and a second increment involving five more 50-MW plants built over a 

period o f  several years in Sulphur Creek Canyon , Alamo Canyon , San Luis 

Canyon , Valles Seco , and possibly portions of Valles San Antonio . For 

this second increment ,  the cumulative effects on air quality outs ide the 

property boundaries are expected to depend on interactions of pollutant 

s treams from the two canyons .  

12 . 3 . 6  Disturbance of historic s ites and degradation of natural 
scenic beauty 

Concerns were exp ressed that well f ield development , plant construc

t ion and operat ion , and the construct ion and extended existence of the 

p ower transmiss ion l ines would , or could , result in irrevers ible dis

turbances of historic and archaeological s ites and would degrade the 

natural scenic beauty of the area . 

These concerns were addressed in Sect s .  2 . 2 ,  2 . 3 ,  3 . 1 . 6 ,  3 . 2 ,  

4 . 1 . 5 . 1 , 4 . 4 . 1 . 4 ,  4 . 4 . 1 . 5 ,  and 4 . 5 .  Where appropriate , these sections , 

part icularly Sect . 4 . 5 ,  have been expanded to address these concerns in 

further detail . 

12 . 3 . 7  Socioeconomic and cultural impacts on local communit ies 

Criticisms were repeatedly expressed in public hearing s tatements 

and in written comments that the interests of Indians had not been given 

due cons ideration in the areas of cultural and economic impacts . In 

par ticular , there were complaints that the DEIS does not indicate any 

s ignificant benefits accruing to the Indians from the proposed develop

ment . Indian representatives stated that they believe that few if any 

j obs resul ting f rom the cons truction and operation of this plant , and 

from fur ther future geothermal developments , would be available to  

Indians . The Indians thus perceive this proj ect as one in which they 

would suffer the mos t from the adverse impacts without even partial 

compensat ion in the form of economic benefit s .  
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Section 4 . 1 . 5  contains an accurate s tatement of the latter s itua

tion . Section 4 . 5  has been rewrit ten to pres�n t ,  to the extent possible 

with availab le information , estimates of the impacts of future geo

thermal developments in this area on socioeconomic and cultural aspects 

o f  local communities . 

12 . 3 . 8  Failure to adequately cons ider alternat ives 

Some comments were d irected toward a perceived def ic iency of the 

DEIS in evaluat ing alternative uses of the land and resources of the 

BACA Location . In part icular , it  was sugges ted that public ownership 

of the land as a public park or nat ional forest should be cons idered as 

an alternative to geothermal development .  

In Sec t . 3 . 1 . 1  these concerns are addressed in terms of competing 

land uses rather than as viable alternatives to geothermal development 

because thes e other possible land uses do not contribute toward provid ing 

alternative energy sources and hence cannot be cons idered viab le alter

natives for DOE . 

A few comments suggested that alternative plant designs and basic 

power conversion technology should be cons idered . These concerns were 

addressed in Sect . 10 . 3  of the DEIS , where it was pointed out that current 

available technology was evaluated bef ore the decis ion was made to pursue 

the proposed p lant des ign concept . The decis ion was based on economic , 

technology readiness ,  and environmental cons iderations . 

All comment letters on the DEIS and DOE responses are pres ented in 

Appendix H .  
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13 . LI ST OF PREPARERS AND QUALIF ICATIONS 

This Environmental Impact Statement was prepared by Oak Ridge 

Nat ional Laboratory for the Division of Geothermal Energy of the Depart

ment of  Energy . ORNL and' DOE staff contribut ing to this report are 

listed below . Also indicated are their areas of contribut ion . 

1 3 . 1  REPORT PREPARERS 

1 3 . 1 . 1  Proj ect manager 

H .  G .  Arnold 
M . S . , Mechanical Engineering 
Registered Professional Engineer 

1 3 . 1 . 2  Proj ect descript ion 

H. G .  Arnold 
M . S . , Mechanical Engineering 
Re gistered Professional Engineer 

K. M. Oakes 
M. S . , Zoology 

1 3 . 1 . 3  Descript ion of existing environment and impact analysis 

1 3 . 1 . 3 . 1  Land use 

K.  M .  Oakes 
M. S . ,  Zoology 

1 3 . 1 . 3 . 2  Geology ,  soil s ,  and geo thermal resources 

M.  S .  Mo ran 
M. S . , Geology 

1 3 . 1 . 3 . 3  Hydrology and water quality 

M.  S .  Moran 
M. S . , Geology 

J .  G .  Wiener 
Ph . D . , Zoology 

l3-l 



13-2 

1 3 . 1 . 3 . 4  Meteorology and air quality 

B .  D .  Murphy 
Ph . D . , Physics 

13 . 1 . 3 . 5  Ecology 

K. M .  Oakes 
M . S . , Zoology 

J .  G .  Wiener 
Ph . D . , Zoology 

1 3 . 1 . 3 . 6  Hi storic and archaeological resources 

R. C .  DeVault 
B . S . , Engineering Sc ience 
M . S . , Engineering Science (in progress)  

1 3 . 1 . 3 . 7  Social and community profile and demography 

R .  C .  DeVault 
B . S . , Engineering Science 
M . S . ,  Engineering Sc ience (in progress )  

1 3 . 1 . 3 . 8  Noise 

H. G. Arnold 
M. S . ,  Mechanical Engineering 
Regist ered Professional Engineer 

13 . 1 . 4  Transmiss ion corridors 

K. M. Oakes 
M . S . ,  Zoology 

13 . 1 . 5  Unavo idable adverse impacts 

H .  G .  Arnold 
M . S . ,  Mechanical Engineering 
Regist ered Professional Engineer 

K. M .  Oakes 
M .  S . , Zoology 

M. S .  Moran 
M. S . , Geology 
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M . S . , Engineering Sc ience (in progress)  
B.  D.  Murphy 

Ph . D . , Phys ics 
G .  W.  Suter 

Ph . D . , Ecology 
J .  G .  Wiener 

Ph . D . , Zoology 

1 3 . 1 . 6  Irreversible and irre trievable commitment of  resources 

H .  G .  Arnold 
M . S . , Mechanical Engineering 
Registered Professional Engineer 

K. M. Oakes 
M. S . , Zoology 

M. S .  Moran 
M . S . , Geology 

R .  C .  DeVault 
B . S . , Engineering Sc ience 
M. S . , Engineering Sc ience ( in progress)  

B .  D .  Murphy 
Ph . D . , Physics 

G .  W.  Suter 
Ph . D . , Eco logy 

J .  G .  Wiener 
Ph . D . , Zoology 

1 3 . 1 . 7  Re lationship of land-use plans , policies , and controls 

H. G .  Arnold 
M . S . , Me chanical Engineering 
Re gistered Professional Engineer 

13 . 1 . 8  The relationship between short-term uses of the environment 
and the maintenance o f  long-term product ivity 

H. G. Arnold 
M. S . , Mechanical Engineering 
Regis tered Professional Engineer 
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1 3 . 1 . 9  Alternatives 

H. G .  Arnold 
M . S . , Mechanical Engineering 
Registered Professional Engineer 

K .  M .  Oakes 
M .  S . , Zoology 

G .  W .  Suter 
Ph . D . , Ecology 

13 . 1 . 10 Environmental trade-off analysis 

H .  G. Arnold 
M . S . , Mechanical Engineering 
Registered Professional Engineer 

K .  M .  Oakes 
M . S . , Zoology 

G .  W .  Suter 
Ph . D . , Ecology 

13 . 1 . 11 Mit igation and monitoring 

13 . 1 . 11 . 1  Ecology 

K. M. Oakes 
M . S . ,  Zoology 

J .  G .  Wiener 
Ph . D . , Zoology 

13 . 1 . 11 . 2  Hydrology 

M. S .  Moran 
M .  S . ,  Geology 

13 . 1 . 11 . 3  Air quality 

B .  D .  Murphy 
Ph . D . ,  Physics 

13 . 1 . 11 . 4  Historic and archaeological resources 

R. C .  DeVault 
B . S . , Engineering Science 
M . S . , Engineering Science ( in progress )  
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13 . 2  OTHER CONTRIBUTORS 

L .  J .  Mezga 
M .  S . , Geology 
Certified Professional Geo logist 

All sect ions dealing wi th Indian cultural and religious freedom 

issues were prepared by A. J .  Jelacic , Ph . D . , Geology (DOE) . 
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MAP S SHOWING LOCATIONS OF THERMAL SPRINGS IN THE 

VALLES CALDERA-JEMEZ VALLEY REGION , NEW MEXICO 
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Fig . A-I .  Valles Caldera-Jemez Valley region , New Mexico , showing 
areas covered by index maps .  From F .  W .  Trainer , "Geohydrologic Data 
from the Jemez Mountains and Vicinity , North-Central New Mexico , "  U . S .  
Geological Survey WRI- 7 7-131 , 19 78 . 
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Fig . A- 2 .  Spr ing loca tion index map A .  From F .  W .  Trainer , 
"Geohydrologic Data from the Jemez Mountains and V icinity , North-Central 
New Mexico , "  U . S .  Geo logical Survey WRI-7 7-13l , 1 9 7 8 . 
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Fig : A- 3 .  Sp ring location index map C .  From F .  W. Trainer , 
"Geohydrologic Data from the Jemez Mountains and Vi c inity , North-Cent ral 
New Mexico , "  U . S .  Geological Survey WRI- 7 7- 1 3 1 ,  19 78 . 
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Fig . A-4 . Spr ing location index map D .  From F .  W .  Trainer , 
Geohydrologic Data from the Jemez Mountains and Vicinity , Nor th-Central 
New Mexico , "  U . S .  Geological Survey WRI-77-l 3l , 19 7 8 .  
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Fig . A- S .  Spring location index map E .  From F .  W .  Trainer , "Geohydrologic Data from the Jemez Mounta ins and Vicinity , Nor th-Central New Mexico , "  U . S .  Geological Survey WRI-77-l3l , 1978 . 
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Appendix B 

DESCRIPTION OF VEGETATION COMMUNITIES OCCURRING 

IN THE BACA STUDY REGION 

* . . 
Source : W. R. Pilz and D .  G .  Saba , 19 7 9 . B&ot&c Inventory� Base -

Zine Information for the Transmission Sys tem for the Proposed Baca Geo
therma Z Project� Public Service Company of New Mexico , Albuquerque . 
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Appendix B 

DES CRIPTION OF VEGETATION COMMUNITIES OCCURRING IN THE 
BACA STUDY REGION 

B-1 SPRUCE-FIR FOREST 

This habitat type extends fLom t imberline down to  an integradation 

of mixed-conifer forest at various alt itudes within the Rocky Mount ains . 

The dominant spe cies within this habitat are Enge lmann spruce (Picea 

enge Zmannii ) ,  Douglas fir (Pseudotsuga menziesii) , and aspen (Popu lus 

tremu loides ) .  

The spruces and fi rs grow very close together under favorable 

condit ions and generally have a very s lender growth form. Undergrowth 

wi thin this forest habitat type is ext remely variable , depending on 

mois ture conditions . Within more xeric (dry) forests the undergrowth is 

scant , usually dominated by false water parsnip s (Pseudocymopterus 

montanus ) and Louis iana wormwood (Artemisia ludovi cinana) .  Under more 

mesic (moist )  conditions the undergrowth consists of rank growth of 

dicotyledonous herbs . Some of the species found in these areas are sego 

lily ( Ca lochortus gunnisonii ) , var ious cinquefoils (Potenti l la hippiana 

var .  hippiana and var . diffusa, P. pulcherrina) , and many violets 

(Vio la canqdensis ) . 

Aspens are a cornmon seral species in the spruce-fir habitat and 

generally are found either in small sporadic groves or as individual 

trees within the fores t .  When a fire occurs , the aspen roots , which are 

p rotected from all but the heaviest fires , sp rout rap idly .  Sp ruce and 

fir seedlings appear under the canopy of the aspens and eventually crowd 

them out . 

Ecotonal areas near t imberlines are well known for their s tunted 

trees . Some writers recognize this zone as a krurnmholz (literally 

I Icrooked woodll ) .  None of the s tudy areas exceeds timberline , but on the 

t ops of the highest peaks around Baca Location No . 1 ,  a type of krurnrnholz 

occurs . 
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B- 2 MIXED-CONIFER FOREST 

This i s  the mos t  common type of forest as sociation found within Baca 

Lo cation No . 1 .  Distinct transitions from the mixed-conifer habitat t o  

pure associations of" e ither spruce-fir ur  ponderosa pine d o  not occur . 

The dominant sp ecies of the mixed-conifer habit at are p onderosa pine 

(Pinus ponderosa var . scopu lorum) , Douglas fir (Pseudotsuga menziesii 

var .  g lauca ) , and Engelmann sp ruce (Picea enge lmannii) . Mixed-conifer 

habitat is generally found in the more xeric areas and on south- and 

wes t-facing slopes at high altitudes (above 9 , 000 f t )  in the Baca proj ect 

study area.  Because of this xeric  condition ,  unders tory vegetation is 

o ften composed of scrub oaks (Quercus gambe lii ) and dwarf j uniper 

(Juniperus communi s ) , with fescue grasses (Fes tuca ovina and F. thurberi ) .  

As in the spru ce-fir habitat , a duff layer accumulates on the fores t 

floor. Because  of the l es ser dens ity of  this dr ier forest ,  the layer will 

not be as thick as in the higher forest . In a mixed-conifer fores t ,  it is 

not uncommon to find Douglas fir stands so dense that very lit t le understory 

can grow ; however ,  this is not the case in the Baca study area.  

Sera1 species are predominan tly aspen , and the invasion may be so  

strong as  to appear to  b e  maintaining a climax population . Specimens a 

meter in diameter are on record (Anon . 1942 ) . 

B-3 PONDEROSA PINE HABITAT 

The mixed-conifer fores t gradually gives way to a forest dominated 

by p onderosa p ine . The round crowns and open spacing of the older trees 

are the consp i cuous feature that dist inguishes this fores t from the mixed

conifer forest . The canopies o f  the t rees may cover no more than 25%  

of the ground (Pearson 19 31) . 

The general sparcenes s of the shrub cover and litter favor a grass 

unders tory . Within the Baca p roj ect study area ,  the understory is 

dominated by Arizona fes cue (Fes tuca arizonica) . Usually , other thin-leaved 

species are found as components of the understory : wild onion (A l lium 

cernuum var . obtusum) and cinquefoil (Potenti l la hippiana var . diffusa) 

as well as the grasses mountain muhly (MUh lenbergia montanus ) ,  lit tle 

bluestem (Andropogon scoparius ) ,  and Canada wi ld rye (Elynus canadensis ) . 
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Many of the areas of ponde rosa p ine in this s tudy have been 

s electively logged . These areas are in various s tates of recovery 

indicated by different- sized "dog hair" thickets of young ponderosa .  

Seral development af ter either clear cutting or fire usually results in 

a b rush vegetation (Cercocarpus3 Ceanothus3 Quercus3 etc . ) .  At the 

upper limits of the habitat,  aspen may develop after fire . 

B- 4 P INON-JUN IPER SAVANNA 

South of  Baca Location No . 1 ,  a p inon-j uniper association is 

deve loped at lower elevations . Th is lowest subdivis ion of coniferous 

vegetation covers mesa tops and drops into valleys . 

The dominants in this area are alligator bark j uniper (Juniperus 

deppeana) , one-seeded j uniper (Juniperus monosperma) , and p i�on (Pinus 

edu lis) . This hab itat does not show a s trong break from the ponderosa 

p ine habitat above it but rather shows a gradation of less j uniper and 

more ponderosa p ine . 

Because of  the low stature o f  the trees (10 to 30 f t ) , this zone is  

frequently referred to as  a woodland . More recently , Daubenmire ( 19 78 )  

has referred to this habitat a s  a type of savanna . ,  Part ially this is 

because the grass cover in the interstices be tween the trees , such as bitter

weed (Hymenoxys richardsonii var . floribunda) , squirrel tail (Sitanion 

hystrix) , sand dropseed (Sporobo lus cryptandrus ) , and Hungarian brome 

(Bromus inermus ) . Around Ind ian ruins , gosseberry (Ribes cereum) is 

found in large numb ers . 

A large amount of  logging is being carried out in this area , 

p robably for firewood . There appears to be no clear success ional stage 

in these logged areas excep t perhaps invas ion by broad-leafed shrubs . 

No seral deve lopment af ter fires in this woodland is indicated from the 

literature . 

B- 5 LOGGED AREAS 

Larg'e areas of the forest within the Baca location have been clear

cut . The resultant slash has been lef t in place , and this heavy detrital 
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layer has somewhat slowed natural succes sional processes . The slopes 

mos t  of ten logged are those with generally nor th-facing aspects . 

Seral development has begun , with many larger broadleaf d icotyledonus 

shrubs . Many small conifers are already in evidence , probably as a result 

of their being in place before logging . The common shrubs and forbs 

present are raspberry (Rubus strigosus ) ,  bluebells (Mertensia lanceo lata) , 

snowberry (Symphoricarpos rotundifo lius) , and false Solomon ' s  seal 

(Smi lacina racemosa) . 

A maze of roads has been constructed within the logged areas . The 

amount of area devo id of vegetation because of these roads actually 

exceeds 35% of the total area . No apparent seral development is evident 

on mos t  of these roads because of their occasional use by ranch vehicles . 

These roads will probably be evident for centur ies to come . 

B-6 OPEN MEADOWS 

Three types of open meadows are encountered in the Baca proj ect 

study area : we t meadows or seep areas , open valley meadows or va l les , 

and high-altitude meadows or forest glades . 

B-6 . l  We t meadows 

Wet meadows may be found within the riparian hab itat (Sect . B-7 )  

o r  in seep and spring areas . Wet meadows are usually dominated by a 

sedge , for example , Carex scoparia� C. nebraskensis� or C. siccata . 

Usually diversity of other species is high in or around these seep s ,  and 

many species may be found in these areas only . 

As examp les of the divers ity , species identif ied include b luebells 

(Campanu la parryi) , violets ( Viola canadensis ) , Sego lily (Ca lochortus 

gunnisonii) , Indian paint b rush (Casti l leja lineata ) , and others . 

B-6 . 2  Open valley meadows , valles 

Open valley meadows are drier and therefore contain fewer species 

than wet meadows . Open val ley meadows are grazed by cat t le , and this 

also could limit the numbers of species found . Common species in these 
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meadows are Thurber fes cue (Fes tuca thurberi ) ,  cinquefoil (Potenti l la 

hippiana var . hippiana) ,  and daisy fleabane (Erigeron superbus ) .  

B- 6 . 3  High-altitude meadows 

High-alt itude meadows are generally very exposed and show little 

s imilarity to other types of  meadows . The dominant vegetation on these 

areas cons ists of  fleabane (Erigeron formosissimus ) ,  oat grass (Danthonia 

intermedia) , sheep fescue (Festuca ovina ) , ninebark (Physocarpus monogynus ) ,  

and rock spirea (Ho lodiscus dumosus ) .  

B- 7 RIPARIAN OR STREAMS IDE VEGETATION 

The vegetation f ound along most of the small st reams in the Baca 

study region is typ ical o f  most areas of the southern Rocky Mountains . 

The dominant trees , i f  any , are box elder (Acer negundo ) and alder 

(A lnus tenuifo lia) . The gras ses and f orb s are the same as in seeps and 

wet meadows . Often f ound as understory beneath the small trees are 

but te rcups (Ranunculus inamoenus ) and bog violets ( Vio la nephrophy l la ) . 

B- 8 TALUS SLOPES 

Steep s lopes in portions of  the study region cons is t of  rock rubb le , 

o r  talus . These talus s lopes , o f ten uns table , are subj ected to frost 

act ion and weathering . They are devoid o f  vegetat ion except for mosses 

and lichens on the rocks and a few individual deep-roo ted shrubs such 

as cunant (Ribes sp . )  and rock sp irea (Ho lodiscus sp . ) .  
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� United States �,�j} i Department of � Agriculture 
Soi l  
Conservation 
Service 

Ms . Kathl een M .  Oakes 

C- 3 

Research Assoc i ate 
Envi ronmenta l Sci ences Di v i s i on 
Oa k R i dg e  National  Laboratory 
P . O .  Box X ,  Bl d g . 1 505 
Oak R i dge , TN 37830 

Dear Ms . Oakes : 

Box 2007 
Al buquerque , NM 
87103 

December 1 ,  1978 

The Soi l Conserva t i on Serv i ce h a s  not recogn i zed any l a nd w i t h i n  the 
a rea covered by quadrangl e maps ( 1 )  Va l l e  San Anton i o ,  ( 2 )  Va l l e  
To l edo , ( 3 )  Guaj e Mounta i n , ( 4 )  Redondo Pea k ,  (5 ) B l and , ( 6 )  Fri j o l es , 
( 7 )  Bear Spr i ng s , a n d  ( 8 )  Canad a , a s  pri me or u n i que farml and . 

The n ea rest prime fa rml and to the a bove quadrangl e ma p s  i s  al ong the 
R i o  G rande Ri ver from E spano l a to the vi l l age of Paj a r i to . Add i t i onal 
pr i me farml and occurs down - r i ver from Coc h i t i  Dam . 

S i ncerel y ,  

�?fl,� 
A .  W .  Hame l strom 
State Con s erva t i on i s t  
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Appendix D :  THE FOREST SERVICE VISUAL MANAGEMENT SYSTEM 

The Forest Service Visual Management (U . S .  Fores t Service , 1 9 7 4 )  

sys tem emp loys a dual rat ing sys tem t o  characterize visual resources 

within a s tudy region . Areas of the s tudy region are categorized with 

respect to the scenic quality o f  the visual resources and the sens i t ivities 

o f  the people viewing the areas . The combination of  what is phys ically 

pres ent and who sees it results in one of f ive visual quality management 

obj ect ives being assigned to an area ; the quality obj ectives ind icate 

the degree o f  acceptable al teration to  the area in quest ion.  

To classify scenic quality , areas are assigned to one of  thr ee 

var ie ty classes , bas ed on compar isons with o ther areas within the same 

phys iographic province . These var iety classes are : 

Class A - d is t inctive : those areas where lands cape elements 

such as landform and vegetative pattern are of unusual 

or outs tanding visual quality when compared to the 

general charac ter o f  the phys iographic area being 

inventoried . These landscapes are no t cornmon and are , 

theref ore , d is t inct ive . 

Class B cornmon : those areas where landscape elements contain 

variety in form , line, color , and texture bu t are cornmon 

throughout the surround ing area . Additionally , the 

variety of the landscape is not as great  as in class A .  

Clas s C - minimal : those areas where f eatures have little change 

in form ,  l ine , co lor , or texture .  This includes all 

areas not found under class A or B .  

Travel routes and use areas within the region are classif ied as 

primary or secondary , depending upon frequ ency o f  use . Next , areas within 

the study region seen from the travel routes and use areas are classif ied 

according to the sens itivity level of people using them as descr ibed in 

the S ensi tivity Levels Table below (Table D-l) . Ar eas which can be seen 

are mapped as foreground ( fg) , middle ground (mg ) , and background (bg) for 

s ens it ivity levels 1 and 2 .  A third sens itivity level is assigned to low

level sensitivity areas or unseen areas . 
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Table 0.1 . Sensitivity level criteria for travel routes and use areas 

Use 

Primary travel route, 

use a rea, or water body 

At least 1 /4 of users have 
major c�ncern for 

scenic qua l ities 

Sensitiv ity l evel 

2 

Fewer than  1 /4 of users 

have major concern for 
scenic qual ities 

3 

Secondary travel route, 

u se area, or water body 
At least 3/4 of users have 

major concern for 

scenic qual ities 

At least 1 /4 and not more 

than 3/4 of users have 
major concern for 

scenic qua l ities 

Fewer than 1 /4 of 

users have major 

concern for 

scenic qual ities 

Source : Forest Service Visua l  Management System ( 1 974) .  

Finally ,  one o f  f ive visual quality management obj ectives is  

as signed for each area based on the matrix o f  variety classes and 

sensitivity levels dep icted in Table D-2 .  The f ive �nagement obj ectives 

are described as : 

Preservat ion - allows natural ecological changes only . Generally 

applied to wilderness , primit ive areas or other specially 

classified areas . 

Table 0.2. Visual quality objective matrixa 

Variety class 
Sensitiv ity levelb 

fg 1 mg1 bg 1 fg2 mg2 bg2 3 

Class A: D i stinctive R R R PR PR PR PR 

Class B: Common R PR PR PR M MC 
M M  

Class C: M in imal  PR PR M M M MM 

a Visual qual ity management objectives: P, preservation ; R,  retention;  PR, partial 
retention;  M, modification ;  MM, max imum modification.  

bfg, foreground ; mg,  m iddle grou nd;  bg, background. Sensitivity levels 1 -3 are 
defined in Table D. 1 .  

c lf a 3B area is adjacent to a n  R or P R  area, select the M objective; if adjacent to 
M or MM area, select MM.  
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Retention - provides for management act ivit ies which are not 

usually evident . Act ivit ies may only repeat form, l ine , color , 

and texture which are frequently found in the characteris tic 

landscape . 

Part ial Retent ion - allows activit ies which remain visually sub

ordinate to the characteris tic landscape .  Activit ies may 

repeat form ,  line , color , or  texture common to the characteris t ic 

landscape or they may introduce element� of form, line , color , 

or texture found infrequently o.r no t at all . 

Modif ication - allows act ivit ies which may visuably dominate the 

original charac teris t ic landscape , but must borrow from 

natural form, line , color , or texture . 

Maximum Modification - permits management activities o� vegetative 

and landform alterat ion which may dominate the characteristic 

landscap e .  

REFERENCES FOR APPENDIX D 

u . S .  Forest Service . 1974 . "The Visual Management Sys tem, Agriculture 

Handbook No . 462 , Nationa l Fores t  Landscape Management. vol . 2 ,  

chap . 1 ,  Department of  Agr iculture , U . S .  Government Printing Office , 

Washington , D . C .  
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lTnited States Department of the Interior 

H ERITAGE CONSERVATlON A N D  RECR EATION SERVl\ F 
WASII I N ( iTON .  0. C. 20243 

IN R E PLY R E F E' R  T O :  6 6 1 

H r . A r t  C .  W i l b u r  

P ro j ec t Hana g c r  
Geo th ermal Powe r P 1 a n t  I ' r u i e c t  O f f i c E' 
U .  S .  ne p a , t me n t o f  I" H' IT, V 
P l a z a  del 8« 1 il u i l d i ng ,  !Zoom l l �  
600 S e c o nd S t r e e t , N . W .  
AlGuqucrquv , New Me x i c o  8 7 1 J 2  

D e a r  Mr . Wj l o u r : 

1\ 1 1.r . .  , �l Iq79 \ .  ... ... 

T h ank you f o r  yuu!." l e t t er r e qu e s t in g 2. d e t e m.ina t iL� n  o f  e l i g ib i l i t y  

f o r in c lu s ion i �  t h e  Nat ional Re g i s t e r p u r s u a n t  to S x e c u t iv e  O r d e r  

1 1 5 9 3  c. r t h e  Kp t ic n a l  E i c t o r ic r �· e s � l"v .J t i (; n  Ac t ,.., f 1 9 6 6 , a s  aTi • .:nded . 
Our d e L e rm i n a t ion a p p e a r s  on t h e  e nc l o s ed ill� t e r ia l . 

As y o u  u n d e rs t an d , your r e q u e s t  f o r  our pro f e s s i ona l j � d g�ent c 0 n s t i 

t u t e s  a p a r t  � i  t h e  Fed e r a l  p l a nn i n g  p r o c e s s . We u r g e  t h a t  t h i s  
i r: � c. nna t i o n b e  i n t C:! g ra t e d  in t o  t he Na t i o n.:; l Env i ronmen t a l  P o l icy Ac t 

� n R J y s i s  in o r d e r  t o  D r in g  a h c � t  t h e  b e s t  p o s s ih l e  p ro g r � m  d ec i s i o n s . 

Th i s  d e t erm ina t L' n  does  n o t  s e ::-v e  in .:lny n :m n e r  a s  a v e t o  t o  u s e s  o f  
p ru p er t �l , \\' i t h  or v:i t h o l l t  F e d e ra l  ra r t i c i p .'1 ': i o r. o r  .:l s s i s t :ll1c e .  Any 
d e c i s io n  c n  the p �o p e r t y In q u e s t i o n  a n d the r e s p � n s i b i l i t y  for  
p n ' :--; r ;] l:J p l :1 nn i n g  c o n c e rl l i n g  s u c i l  p :-ope r t i e s  l L· "'< t't l thC! agen c y  o r  
b l c c k  grnn t r c ;: l p i L' n t  ::I f t l:' l- L i l o  ,\d v i s o r y  C O U l l C ! "  e m  J I £ f: t Q r i. c  P r c s e r 
" a t i on ha s ho.d  ::I n  o p po r t u n i t y  t o  C O;'U1H?n t .  

We o , � p l e a s e d  t o  b e  o f  a s s i s t a n c e  i n  t h e  c on s i d e ra t i o n  o f  h is to r ic 
r e s o u r c e s  in t h e  p l a n n i n g  p !."o c c s s . 

E n c. l c s u r e  

S i n c e r e l v y o u r s . 

Ch,'l r } (; s  j'_ . I! e r r i n g t on 
A� t i n g  Ke e p e r o f  the �a t ion a ]  

R e g i s t e r 

( :-- I 
I t � 

\ \ 

(,i/ 
_' . i I ( ;  i ' , . 
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DETERMINATlON OF ELIGIBIUTY NOTI FICATION 
National Register of Historic Places 

Heritage Conservation and Recreation Service 

N a m e  o f  p ro p e rty : Baca Geo t h e rmLl l Lea s E' A r c h e o l o g i c a l  D i s t r i c t 

l o c a t i o n :  

R e q u e s t  s u b m itte d b y :  DO E/Ar t C .  W i l b u r 

• 
State :  NM 

D a te r e c e i v e d :  4 - 9 - 7 9  A d d i t i o n a l  i n fo r m a t i o n  re c e iv e d : 4 - 1 H - 7 9 ; 6 _ 1 6 _ 7 9  

O p in i o n  o f  t h e  S tate H istor ic  P r e s e rv a ti o n  0 ff i c e r: 

[i] E l i g i b l e  D N ot E l ig i b le o N o  R e s p o n s e  

C o m m e n ts :  " . . .  I c o n r u r  t h a t  t h e  t wen t y - n i n e  s i t e s  and Lo c a l i t y  3 [I r e  l i k e l y ,  � s  a 

g n1 u p ,  l o  y i e J d s i g n i f i r <l l l t s c i e n t i f i c i n f o rm a t i o n . " 

T h e  S e cretary o f  th e I n te r i o r  h a s  d e te r m i n e d  th a t  t h i s  p r o p e rty I S :  

[X] E l i g i b le A p p l i c a b le c r ite r ia :  D o N o t  E l i g i b l e  

C o m m e nts: The d i s t r i c t .  wh i c h  l' o n- e s pull d s  t l l t h e proj ec t [I re d , a nd e n c. o mp a s s e s  a n  

l' l1 t i r , '  c; m ; ) l l v a l l c> V . i s  e l i g i h l (' f l l r i t s p n l , ' n r i ;t 1 t ( l y i l' l rl  i n f ll rm; l li P l l  i m po r t a n t  
i n  t h e l1 1 1 d l' r s L I Il J I I1 �', u l  t h " I I Id l l l l l' r LI n d  t i l l l i l l ).!,  ,' f p r l ' i J i s t o r i c  u l Ll i za l i oll o f  u p l a n d  

: I T ( ' ;I S  i l l t h .i s  r t' f', i o n . 

o D o c u m e n ta t i o n i n s u ff i c i e n t  
( P l e a s e s e e  a cc o m p a n y i n g  s h e e t  e x p l a i n i n g  a d d i t i o n a l  m a te r i a l s  re q u ire d )  

, j.-( � , __ -- - .J 
t-'''' / / ,  �/ -- - - _ 

K e';p e r  o f  t h e N a t i o n a l  R g i s te r 

D a t e :  ___ .P-'_' � ?1 _ _ _____ _ _ _ _  _ 



BRUCE KING 
GDV�RNOR 

SECRETARY 

1'1r. l\rl "C .  \�ilL)ut
Project I brlClqer 
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STATE OF N EW MEXICO 
DEPA RTMENT OJ

FINANCE A N D  ADMIN ISTRATION 
PLA N N I N G  DIVISION 

ANITA HISENBERG 
DIRECTOR 

Augus t 14 , 1 9 79 

(J..!( )th(�Y1rn l Po,le r P ltlnt Projp-ct Office 
U .  S .  llil?i.u:-ulen l () [ 1:.1 lL:l yy 
PI cl z a  del Sol Bui lding , Tbom 712  
600 Second Stree t,  lJ . IV . 
l\lbUlueDJUe , Uew r bxico 87102 

Lear 1·rr- . Wilber : 

50� DON GASPAR AVENUE SANTA FE. NEW MEXICO 8 7503 
(5051 827� � I O� (505t1!27 -519 1 

'l'hi s  is to s tate that I have received Cl copy of r1r . Charles I\. J lerrinaton ' s  
Augus t 6 ,  le tter to you , in ""bi ch bvel1ty-n i ne s i  tes an(� one loc" U ty on the 
Baca (?£�otheD1lil l  lease arp- identi fiec1 as )Y� inq c'()l lecti'v"'�ly e liqible to tJle 
��dt ional �gisb:r  ( ) f  l l i sto ric PLlces em he inq l ike ] y to yield �; igni f icant 
scienti fic in forT!'ilLion . 

1 have read ti le rel.XJrt cnti th,d " Proposal to Uni.on (£othp-rTnal Co . for i1. 
P roqram o f  J\rdl�X)lo(1ical '} 'p- s tinq" , (-: tc . (Off"i Ct' o f  Coni-x" rt j\J"chco l oJ'l , 
Ln1iversi ty o f  t�e,J r l.�xi.cu , J W 1e , 1 <) )<) ) , Ll, )( j \li �:; ; 1  Lo s ta re that i l l  T'1'j otJinion 
U 1C '  s iqni f i t�d.Jl t i.n \'nrn1clLl on de rivcJhl(; fn lJ' 1  th i ,; drd K'oloq ical dir; tx l ct J11ay 
i.k� recovenxi in U le I1lr.ll lJ lC r- i ,rq-,osud i n  U \dL n '»orL . 

J there fore rcconm,;nd thJ.t you send the ni tigation tJrOiXlsal WitJl tJl.h; le tter 
to t he h1vison' Counc i l ' .3  wnve r O f fice ,  attacl;('d to C) re( juest for Cowlci J 
com:l...'n l .  I I!i l l  (1i.SCI 1 � ;S thi s Plath�J" \vith tJ )(�  c( )l uwi l s t a f f  soon a nd a"J.;: for 
em ('xPl;�d I t  i()ur� review . '1t1<� l.J H.ll lci l ' s  COl.ncnts will speci fy v/hat furtJ lcr 
action is l llx.:e��in-i . 

'L'i 1rJj lL you [or your cont Ll1uinq coc )lx� rdtion . 

� ; j I 1CL'n�J y , 

t-Lf2---
'n lon,,, I V .  Ie r Ian 
S tate His toric Pn�servCltlon of fiee r  
I Li s tn J�1C 1 ' l c:;l� rvdt i ( )1 1 Hl ln::ilU 

'lWH : 1n 
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Department of Energy 
San Francisco Operations Office 
Geothermal Demonstration Power Plant Project Office 
Room 7 1 2, Plaza del Sol Building 
600 Second Street, N.W. 
Albuquerque, New Mexico 87 1 02 

August 15 , 1979 

Mr. Louis S .  Wall , Deputy Director 
Advisory Council on Historic 

Preservation 
Office of Review and Compliance 
P .  o .  Box 2 5085 
Denver , Colorado 80225 

Dear Mr .  Wall : 

The Project Site for the Geotherma l Demonstration Power Plant has been 
detennined. by the Heritage Conservation and Recreation Service to be 
eligible for the National Reg ister of Historic Places (Enclosure 1) . 

A mitigation plan to prevent loss of significant archeological and historic 
j,nfomation has been prepared. (Enclosure 2 ) . This letter is to request 
your ccmnents on the mitigation plan . I would also appreciate your approval 
to proceed with project activities as areas are cleared. in following the 
mitigation plan . 

Also enclosed (Enclosure 3 )  is a letter fran Dr. Thanas W. Merlan , State 
Historic Preservation Officer of New r-Exico , accepting the mitigation plan . 
To further canplete your file on this subject , I have enclosed Dr . Merlan ' s  
March 19 , 1979 , letter to me on this subject (Enclosure 4 ) , and my April 4 ,  
1979 letter to the Keeper of the National Register (Enclosure 5) . 

I would appreciate your early consideration of this matter. 

Enclosures : 
As StatEd 

Sincerely , 

�!?� 
Arthur C .  Wilbur 
Project Manager 

cc : Ray Brechbill , OOE/SNI, w/encl s .  
nill Manning , OOE/SAN , w/encls . --->-. Al Jelacic , OOE/HQ, w/encls . 
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United States Department of the Interior 

HERITAGE CONSERVATION AND RECREATION SE RVICE 

WASHINGTON, D. C. 20243 

IN R E PLY R E F E R  TO: 6 6 1  

Mr . Art C .  Wilbur 
Proj ect �lanager 

AUG 6 1979 

Geo thermal Power Plant Proj ect Of fice 
U .  S .  Depar tment of ' Ene rgy 
Plaza del Sol Bui lding , Room 7 1 2  
600 Second St reet , N . W .  
Albuque rque ,  New Mexico 8 7 1 0 2 

Dear Mr . Wilbur : 

Thank you for your letter reque s t ing a determinat i�n o f  eligibility 
for inc lusion in the Nat ional .Reg i s ter pursuant to !:xecutiv e  Order 
1 1 5 9 3  or the Na t ional F.i�toric Preservat ion Ac t 0 f  1 9 66 , as amend ed . 
O ur determinat ion appear s on the enclosed ma terial . 

As you und erstand , your request for our profess ional j udgment consti
t u t � s  a part o f  the Federal planning process . We urge that this 
ir:fc· rma t i on be integrat ed into the Nat ional Environmental Policy Ac t 
:'l:1 a ]  ysis in order to  bring abeu t the best possib l e  program d ec i s ions . 
This  d et ermina t ion does not serve in any canner a s  a veto to uses of  
propert:' , \·:ith or without Federal parti cipa t ion or assistance . Any 
deci sion on the property in que s t ion and the resp�nsibility for 
progra� plann ing concerning such propert ies lie w:th th� agency or 
bl ock grant rec i p ient a f t e r  the Advisory Counc i� on Histo ric Pre ser
,,'a t ion ha s had an oppo rtunity to co�ent . 

We are pleased to be o f  assistance in the consideration of histo ric 
re sources in the plann ing p rocess . 

S incerely yours , 

Charles A .  Herr ington 
Ac t ing Keeper o f  the Na t iona l 
Reg i s t e r  

Enclo sure 
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ED. 
DETERMINATION OF EUGI BIUlY NOTI FICATION 
National Register of H istoric Places 

Heritage Conservation and Recreation Service 

N a m e  o f  p ro p e rty : Baca Geo thermal Lease Archeo logical District 

Locatio n :  State: NM 
R e q u e s t  s u  b m  itted by: DOE/Ar t C .  Wilbur 

D a te receiv e d :  4-9- 7 9  A d d iti o n a l  i n fo rm atio n  rece iv e d : 4 - 1 8- 7 9 ; 6- 1 6-79  

O p i n i o n  of  th e S ta te H i storic P res e rv a tion O ff icer: 

IX] E l i g ib l e  O N ot E l ig i b l e  o N o  R es p o n s e  

C o m m e n ts :  " . . .  1 concur that the twenty-nine si tes and Locality 3 are l ikely , as a 
group , to yield signif icant scientific informat ion . "  

Th e S e c retary o f  the I n ter ior  h a s  d eterm i n e d  th a t  t h i s  property IS:  

lXJ E l ig ib le A p p l i c a b le crite r ia:  0 o N o t E l ig i b l e  

C o m m e n ts:  The d istric t ,  which corresponds t o  the proj ect area , and encompasses an 
ent ire sma l l  val l ey , is e l igible for its potential t o  yie ld informa tion important 
in the und ers tand j ng of the manner and timing of prehis toric ut il i zat ion of upland 
areas in this region . 

o D o cu m e n ta t i o n  i n s u ff i c i e n t  
( P  l e a s e s e e  a cco m p a n y i n g  s h e e t  e x  p i a i n  i n g  a d d  iti o n a  I m a te ria l s  re q u  ire d )  

a ��.� 
K e e p e r  o f  th e N a ti o n  a I R 9 i s te r  

FHR 8-26� 2/79 D a t e: ___ ¥"_' (._rJ---L-{ ____ _ 
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PROPOSAL 

To 

Union Geothennal Co . 

For 

A Program of Archeological Testing and Excavation: 
The Baca Geothermal Electrical Generating S tation 

tor 

Mark E .  Harlan 

By 

University of New Mexico 
Office of Contract Archeology 

Department of Anthropology 
Albuquerque , N . M .  87131 

Ac ting Director - Contract Archeology 

S ec .  No . :  4 71-54-8533 

Anthropology 

Submit ted by : Recommended by : 

Proposal Data : 

New or Renewal : New 

Amount Requested :$126 , 03 9 . 00 

Proposed S tarting Date : 
Indef inite 

Proposed Duration : 
Indef inite 

Approved by : 

Mark E .  Harla� �� Edmund B .  Kasner 

ar;ru1z� J� � . e-z.�� 
Acting Director 
P rincipal Investigator 

(505)  2 7 7-5853 

June 4 ,  1979 

Department Chairman Director , Research S ervices 

( 5 05) 2 7 7-3 746 

JUN B 1979 
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1 .  OBJECT IVES AND PROCEDURES 

The Of f ice of Contract Archeology , University of New Mexico , conducted 

an inventory survey of approx�ately 1984 acres located on privately owned 

land s  in the Jemez Mountains of north central New Mexico . This acreage 

comprises a portion of Union Oil Company ' s  Baca Geothermal Lease,  an area 

which is to b e  impacted as a r esult of construction requ ired by a p ilot 

g eothermal electrical g enerat ing stat ion. This is a j oint proj ect of the 

Union Oil Company and the Public S ervice Company of New Mexico . As 

reported in Moore et . al . (1978) , 29 signif icant locations manifesting 

cul tural r ema ins were encountered and recorded by the survey . In r esponse 

to recommendat ions in the survey rep or t  and concurrence by Mr . Thomas 

Merlan, the S t at e  Historic Preservation Off icer for New Mexico , the Keeper 

of the National Register of Historic Places has deemed that these sites 

j ointly constitute a signif icant historic d istrict (Letter to Art C .  Wilbur 

from William J .  Murtach, May 1 4 ,  1979 ) . 

Given this d etermination of signif icance as provided under par t  800 
of 3 6  CFR , implementing sec tion 106 of the National Historic Preservation 

Act of 1966 , protection is aff orded t o  these prop er ties . Cultural r emains 

ar e also def ined as nonrenewable environmental r esources under the Environ

mental Policy Act of 1969 . However 7' inasmuch as the nation' s  need f or 

alternative energy sourc es constitutes an overrid ing consideration, land 

alt er ing activit ies and commitment of the cultural resources may be 

allowed , provided that this ac tion is preceded by a scientific study which 

r ecovers the inf ormat ion inherent in them. This document constitu te s  a 

proposal to conduct such a scientif ic s tudy which is designed to mitigate 

the potential adverse eff ects created by irrevocable c anmitment of the resources. 
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The universe of this pr oposed s tudy is bounded by the culturally signif icant 

. .  

d istr ic t which will be impac t ed by cons truc tion of the exp er �enta1 

generating s tation and r elated ac t ivities .  

The specific boundaries o f  the cultural distr ic t  are addressed b el ow  

i n  the section d eal ing with research orientation . Within the sc op e of the 

proj ect area , the f ollowing sites should be c onsid ered as subj ect to 

potent ial adverse impact s :  OCA: BG: 1 , 2 , 4 , 5 , 6 , 7 , 8 , 9 , 10, 12 ,14 , 16 , 17 , 18 ,1 9 ,  

20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 and 29 . The remaining properties (OCA : BG :  

3 , 13 and 11) fall out s ide the area of land alter ing ac t ivit ies . The 

appropriate strategy in the case of these sites is avoidanc e ,  which wil l 

preserve their informat ion p ot ent ial for future investigation . 

As discussed in d etail in sec t ion III , the approach of this program 

is to del ineate the extent of the remains and to recover and analyze a 

c ontrolled sample of the c ultural materials they c ontain . The information 

gained from this program will then be synthesi zed in to a research mono-

graph for d i ssemination to the sponsor , - federal and s tate author ities 

and the pub l i c . That monograph will c onstitute a data record whose 

ex is tence compensates f or the loss of the cultural properties themselves . 

The cultural prop er t ies on the Baca Geothermal L ea se fall into two 

main categor ies :  (1) preh istor ic remains o f  �nknown or poorly def ined 

cultural /temporal af fil iation and - (2) historic r emains . As d iscussed in 

d etail in sec t ions II and III , these two categ ories will be inves tiga ted 

by separate prog rams of s tudy . The approach to the prehistor ic remain s  

will b e  b y  conventional arc he olog ical methods (intensive surf ace collec t ion , 

subsurface testing and c ontroll ed exc avation) . The histor ic r ema ins will 

be stud ied through d ocumen tary r esearch and interview of local inf ormant s .  

This approach will be taken for two r ea sons : (1) the character of the 
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historic remains clearly indicates that they will yield only limited 

inf ormation to a convent ional archeolog ical approach and (2} the cost of 

conventional archeolog ical data recovery is much greater than is incurred 

in the cour se of documentary r esearch and interv iewing . 

In designing this proj ect ,  the f ollowing factor s  have b een g iv en  pr imary 

considerat ion : 

(1) The intent and letter of the governing leg islation: this f ac tor 

has been addressed by designing a proj ec t which will maximize the recovery 

of informat ion per t inent to the cultural properties of the proj ect area. 

Provision has been made for a synthesis of  the information r ecovered so 

that the contr ibu t ion to  our understand ing of regional history/prehistory 

can be maximized . 

(2)  The needs o f  the pr oj ec t sponsor for a program which allows 

eff icient planning of the overall endeavor : flexibility is maintained 

so that int er im  clearances may be granted for the most urgent sections of 

the proj ect area. Further , every possible consid erat ion has been g iven 

to minimiz ing proj ect cost s ,  while at the same time allowing produc tion 

of a final repor t which meets the highest standards of the archeological 

prof ession. 

II . RESEARCH ORIENTATION 

This sect ion of the proposal presents the basic orientat ion of the 

r esearch. It mus t  be emphasized that this is not itself a formal research 

design; rather it presents the basis on which a f ormal d e s ign will b e  

developed when the proj ect i s  actually implemented . There are two element s 

to this research orientat ion: (1) a theoret ical set which will determine 

the questions addressed by the program of invest iga t ion and their 
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integrat ion with the broader aims of Southwestern Archeolog y  and (2) a 

concept of the un iv er se of study and how it should b e  sampl ed . S ince 

d ef inition of the univer s e  of s tudy is of prime conc er n  to the Keeper of 

the Nat ional Reg i s t er of Histor ic Places and the S tate Histor ic Preser

vat ion Off ic er , this aspec t will be addressed f ir s t .  

1 .  The S tudy Area 

In correspondence to Mr .  Art C .  Wilbur of the Department of Energy , 

dated May 14 , 1979 , the Keeper of the Na tional Regi ster has rai sed f ive 

quest ions conc erning the natur e of the culturally signif icant distr ic t 

on the Baca Lease . Thes e are: (1) What are the boundaries of the Distric t ?  

(2)  D o  these boundar ies r ef lec t a cul tural reality? (3) If they reflec t  

arb itrary proj ec t boundar ies ,  what would be the approximate boundaries 

of a lar g er real d i strict of which this proj ect area is a p ar t ?  (4) How 

may the d istrict as d ef ined , be cons idered a viabl e unit of study? (5) Do 

"empty" areas reflect actual s ite d istribut ion or survey b ia s ?  If the lat ter , 

what i s  the expec ted d is t r ibut ional patt ern? 

The boundar ies of the proj ec t area (and , ther efor e ,  of the d istrict) 

are d ef ined by the rim of Red ondo Canyon . They extend fr an the lease 

bound ary at the mouth of the c anyon, to the saddle where Redondo Creek 

shar es a common or ig in with San Lou is Creek arid Jaramillo Creek .  These 

boundar ies were arb itrar ily d ef ined ,  based upon the max imum. zone in whic.h 

impact s  are expected .  

S ince this d is tr ic t  is def ined on the basis of proj ec t r equ irement s ,  

i t  d oes not fully r ef l ec t a cu l tural reality.  However , the s tudy area 

does encompas s an ent ir e  small val1ey system; and since thi s area s eems to 

exhib it the range of avail ab le habita t  zones in the Valle Cald era reg ion , 

it does form a c ohes ive unit of s tudy f rom a geographic per spec tive . 
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. Determinat ion of the boundaries of a broad er cultural district is 

d ependent on the per spec t iv e  taken . As d iscussed in the survey r epor t  

(Moore e t .  a 1 .  1 9 7 8) , the ac tivities which took p lace in the v iclnity o f  

Redondo Creek s e em  t o  r ef lect only a p ar t  of the adaptive systems o f  

each cultur e  which explo ited the zone . Viewed in this way , a lar ger unit 

would encompass the ent ir e  area occupied by the cultural populations which 

entered Red ond o Creek Canyon . Obviously , the boundaries of that zone 

vary through time. In Archaic times , they may have inc luded the J emez 

Mountains and immediately adj acent lowland s .  In Pueblo times , the bound

ar ies almost c er tainly extended to include the pr ehis toric populat ion of 

Bandelier Nat iona l Monument in the initial phases and probably later 

inc luded the historic popu lat ion of J emez Pueolo as well . It is also 

likely that the peop les who f ormerly occup ied J emez S tate Monumen t exploited 

the region , includ ing Red ond o Canyon . Thus , at some point in its occu

pat ional span , the proj ect ar ea probably participated in developments over 

a broad region of north c entral New Mexico . 

Although the study area represents only par t  of a regional adaptive 

sys t em ,  it may still be viewed a s  a viab le unit f or inv estigation . The 

qu estions which may b e  addressed are detailed b elow. In sum, s tudy of the 

Baca Geothermal Lease area will enable us to a�k �uestions c oncerning the 

manner in which the prehistor ic popu lation of the reg ion utilized the 

highland areas which they appear to have occupied only intermittently .  

The last o f  the quest ions raised by the Keeper o f  the Regis ter is 

the mos t d if f icult to addr es s .  On the one hand , it i s  c lear that the 

cul tural ma ter ia ls do not manifest a c ontinuous distribution over the 

survey area . On the o ther hand , it is quite likely that a number of the 

manif estat ions may be more extensive than the surface ma ter ial s  ind icate. 
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A d egree of b ia s  is likely to exis t ,  based upon the fact that the areas 

where surface remains were enc ountered had largely been impact ed by the 

road construct ion c onnec ted wi th earlier logging activi ties . I t  i s ,  

however , felt that if the known areas of remains are sampled and i f  ar ea s 

immediately adj acent to them ar e t es t ed ,  adequate data recovery will result . 

This approach is d iscussed in greater detail below. 

2. A Research Perspect ive 

The questions which any inv estigator poses with regard to a g iv en 

body of archeological data are determined by a specific view of which 

informat ion is mos t important.  That determination is in turn colored b y  

his theoretical assump tions ab out the nature o f  cultural systems . The 

basic orientation of the Off ice of Contract Archeology is toward cul tural 

ecology,  rather than cu lture his tory.  From this perspec tiv e ,  one views 

cultures as adapt ive sys tems which art iculate their participants with the 

natural environment . Culture change is then seen as a shif t in ad aptation . 

Areas of investigation are not determined solely b y  the investigator ' s  

theoretical ori entat ion ; they must al s o  b e  tailored to the data which are 

likely to be recovered . In the case at hand , there is lit tle pOSSib ilit y  

that a s tudy of the Baca Lease will yield data pert inent to ent ir e  

adaptive systems . It i s  far more likely that only a specific s egment of 

the prehistoric sub s is tence �ys tems were ever engaged when p opulat ions 

visited the Lease ar ea . �hat segment must have been tailored t o  the resources 

available above 9000 f eet . 

Given the se cons iderat ions ,  the f ollowing quest ions are suggested for 

investigation : 

(1) What is the range of available b iotic and nonb io tic resources 

in the s tudy area? 
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(2) What segment o f  the available range was actually explo ited and 

did this change through time? 

(3) Is there marked s ea sonality in the availab ility of the resources 

chosen f or exploitation? 

(4) What techniques were utilized in gaining access to the resources 

chosen f or exploitation? 

(5) What is the likely articulation between the segment of the 

sub s is tence sys tem manif est in the s tudy area and the overall 

subsistence sys tems of the participating cultures? 

Speculat ion on the answers to these questions is possible and will 

be briefly outlined . This should not ,  however , b e  regarded as the only , 

or even the most likely outcome of the proposed research .  

First,  the results o f  the survey (Moore �. a 1 .  1978)  indicate that 

biotic resources , rather than lithic raw materials , were the most likely 

obj ective of the populat ions which vis ited the proj ect area . Secondly , it 

would seem that the bulk of the activities took place in late summer . 

If these preliminary conclus ions hold , then the function of exp1oi-

tation of resources in the study area was to provide [ supplementary? ] 

subsistence at one particular point in the annua� cycle. However , the 

pr.ecise supplement sought may have varied through time . It seems likely 
• 

that Archaic populations visited the lease at t imes when dessication had 

limited the availability of food at lower elevations . Since semi-arid 

environments (at lower elevat ions) are notable in the extent of natural 

vegetable storage during dry periods , it is possible that Archaic popu-

lations sought aggregations of larger game at higher elevation s .  I f  this 

is the case •. it may b e  postulated that their occupations were oriented 

toward the exploitation of both plants and animals . Since the o�set of 
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dry condit ions varies a good deal from year t o  year , similar var iations may 

b e  �pected in the seasonality of Archaic occupations . These sites should 

also b e  placed to give access to highly productive vegetative zones . 

G iven the known practices of hunting and gathering groups , the availability 

of game in the immediate Vicinity of base camps should be a minor consideration 

in site placement,  since game is normally taken by groups of males who 

c onduct their hunting expeditions out from the base . 

The introduction of agriculture in surround ing areas of lower ele

vation should have resulted in a changed emphasis f or utilization of the 

study area . Although plant materials may still have been an obj ective , 

particularly in years when crops failed , game animals should have taken 

on an increased importance . It may be that sites occupied in Pueb loan 

times are ac tually the base camps of hunting parties . This should be 

reflected in both the placement of sites and in their artifact content . 

If the quest ions suggested here can be answered , the informat ion 

gained will have import in the interpretation of regional systems . If a 

f ine-grained chronology can be developed (by the techniques discussed 

below) , it may be poss ib le to monitor the development of increased depen

d ence on agriculture in surrounding regions . It-may also be possib le to 

p ostulate cycles of subsistence stress , both for agricultural and 

preagricultura1 group s .  I f  this · can b e  done , i t  will greatly improve our 

understand ing of developmental cycles over a broad region of north central 

New Mexico . The procedures which may yield these results are discussed 

in the nex t section .  
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UNIVERSITY OF NEW MEXICO 
OFFICE OF CONTRACt ARCHEOLOGY 

Estimated Budget 

for 

Archeological Excavation and Testing : A Program of Mitigat ion 
f or the Bac'a Geothermal Proj ect 

to 

Baca Geothermal Corporation 

I .  SALARIES AND WAGES 

Administrative 

A. Principal Investigator 
salary @ $ 1 , 625 . 00/month for 8 . 14 months X 1/4 time 

B .  Proj ect Director (Archeologist III) 
salary @ $ 1 � 3 7 0 . 58/month f or 8 . 14 months 

C .  Clerical Specialist V 
salary @ $ 7 5 0 . 00 /month for 8 . 14 months X 1/3 time 

D .  Bookkeeper 
salary @ $5 . 00/hour f or 100 hours 

Field Investigations 

E .  Field Direc t or (Archeologist II) 
salary @ $1 , 184 . 3l/month f or 3 . 69 months 

F .  Crew Members (Assistant Archeologist) 
salary @ $ 880 . 96 /month for 3 . 69 months X 4 positions 

Laboratory Analysis 

G .  Laboratory Supervisor (same as E) 
salary @ $1 , 18 4 . 3l/month f or 2 . 46 months 

H .  Laboratory Technicians (same as F) 
salary @ $880 . 9 6 /month f or 2 . 46 months X '4 positions 

1 .  Draf tsman 
salary @ $ 7 . 50/hour f or 250 hours 

J .  Research Archeologist 
salary @ $ 6 . 00/hour f or 176 hours 

K. Ethnologist 
salary @ $80 . 00 /day f or 81 days 

Subtotal--Salaries and Wages 

Subtotal--Employee Fringe Benefits @ 19% 

$ 3 , 307 . 00 

11 , 157 . 00 

2 ,035 . 0 0  

500 . 0 0  

4 , 370 . 00 

13 , 003 . 0 0  

$ 34 , 37 2 . 00 

$ 2 , 913 . 00 

8 , 669 . 00 

1 , 875 . 00 

1 , 05 6 . 00 

6 , 480 . 0 0  

$ 2 0 , 993 . 00 

$ 5 5 , 365 . 00 

$ 10 , 519 . 00 
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11. TRAVEL AND PER DIEM 

E-19 

A. Field Crew Per Diem @ $32 . 00/day for 81 days 
X 5 personnel 

B .  Administrative P er Diem @ $32. 00/day for 6 0  days 

C.  Vehicl e  Costs 

1 .  Rental of one pick-up truck @ $350 . 00/month 
f or 4 months (includes pick-up time) 

2 .  Mileage @ 15¢/mile for 8000 miles 

3 .  Gasoline @ 84¢/ga llon X 800 gallons 

Subtotal--Trave1 and Per Diem 

III.  MATERIALS AND SERVICES 

A .  Expendable Field Supplies @ $25. 00/day f or 81 days 

B .  Laboratory Supplies @ $lO . OO/day f or 5 4  days 

C .  Off ice Supplies @ $ 5 . 00/day for 180 days 

D .  Field and Laboratory nonexpendable Equipment 

E .  Compu ter Services 

F. Reproduction 

G .  Samples 

Pollen @ $40 . 00/ each X 15 samples 
Ob sid ian Hydration @ $lO. OO/each X " 150 samples 
Flotation @ $ 6 . 00/each X 30 samples 

H .  Consu l tant s  

Historian @ $lOO . OO/day f or 5 days 
Ecologist @ $lOO. OO/day f or 5 days 
Technical Ed itor @ $ 7 5 . 00/day f or 20 days 

Subtotal--Materials and Services 

IV. INDIRECT COSTS 

At 57%  of Salaries and Wages = 

$ 55 , 3 65 . 00 X 57% 

TOTAL COST 

$ "  12 . 960 . 00 

1, 9 20 . 00 

1 . 400 . 00 

1 , 200 . 00 

672 . 00 

$ 1 8 , 152 . 00 

$ 2 , 025 . 00 

540 . 00 

900 . 00 

2 00 . 00 

500 . 00 

1 , 5 00 . 00 

600 . 00 
1 , 500 . 00 

180 . 00 

500 . 00 
500 .00  

1 , 500 . 00 

$ 10 , 44 5 . 00 

$ 31 , 558 . 00 

$ 126 , 039 . 00 
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1 .  Sampling o f  the Prehistoric Comp onents 

The first point to addres s in the d evelopment of a sampling design 

is the d elineation of the univer s e  f or study . The usual def inition is 

the tot al of known s ites in the area of propo sed impacts . In the ca se of 

the Baca Geo thermal Lease,  it se�s that this is no t the appropriat e b as e ,  

sinc e site b oundar ies are poor ly def ined . The approach taken here has 

been to use areas where cul tural remains are known to occur as the b oundary 

of the sampl ing univer s e .  Tab le 1 lists the sites which are subj ect t o  

po tential impac t ,  their sur face areas and the numb er o f  ar tifac t s  encoun

tered on the surfac e .  The p ercentage o f  the total area and o f  the t otal 

number of artifacts i s  also lis ted for each s ite . 

On the basis of the information in Tab le 1 ,  the sites may b e  d ivided 

in to three g roup s . The f irst group is formed by sites OCA : BG : 7 ,  17  and 22 . 

S ites 7 and 17  tog ether account f or approx imately 89% of the t ot al site 

ar ea . S ite 2 2  is inc luded in the group because , a lthough it is much 

smaller in area , it accounts f or approximately 20% of the surface artifacts 

encountered by the survey crew .  The s econd group i s  formed b y  sites OCA. : 

BG : 12 ,  19 and 2 1 .  These are smaller s ites but account f or a disproport ionate 

share of the tota l sur face ar tifact s .  The third group consists o f  a ll the 

remaining s ites . The design prop o sed here calls for s ampling each of the 

group s as a separate univer se.  Thi s is done to increase the accuracy 

of representation and no t allow the larg er s ites or those with the 

densest ar t ifac t sca tters to swamp the remainder . 



E- 2 1  

10 

TABLE ,1 

ARCHEOLOGICAL SITES 

S ite No . Area % Area Artifacts % Artifacts 

1 0 . 75 . 0008 5 . 2092 

2 480 . 00 . 5238 53 2 . 2175 

4 840 . 00 . 9167 48 2 . 0084 

5 1 , 050 . 00 1 . 1458 7 . 29 29 

6 187 . 00 . 2041 12 . 5021 

7 60, 000 . 00 65 . 4766 1000 4 1 . 8410 

8 140 . 00 . 1528 21 . 8787 

9 240 . 00 . 2619 8 . 3347 

12 780 . 00 . 8512 108 4 . 5188 

14 96 . 00 . 1048 22 . 9 205 

15 108 . 00 . 1179 8 . 3347 

16 210 . 00 . 2292 20 . 8369 

17 21 , 875 . 00 23 . 8717 300 12 . 5523 

18 36 . 00 . 03 93 7 . 29 29 

19 2 , 304 . 00 2 . 5143 118 - 4 . 9372  

20  225 . 00 . 2455 19 . 7950 

21 414 . 00 . 4518 106 4 . 4351 

22 2 , 240 . 00 2 . 4445 500 20 . 9 205 

23 200 . 00 . 2183 12 . 5021 



TABLE 2 

DERIVATION OF SAMPLE 

1 .  960t d= . 10 

pq= . 25 

no . = 9 6 . 04 

Group 1 

9 6 . 04 

1+« 9 5) / 8 4 ,  115) 

Group 2 

96 . 04 

1+(95 /3 , 498) 

Group 3 

9 6 . 04 

1+ (95/258) 

v= . 0026 
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9 5 . 89 
96  

93 . 50 
94  

70 . 019 
7 0  

Meter squares 

Meter squares 

Meter squares 
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" The sampling frac tion f or each group of s ites was derived using 

Cochran' s  (19 7 7 )  method . A sampling unit is def ined as one square meter 

of surface area. The c onf idence limits f or the sample were set to 0 . 05% 

and the error of the estimate at 0 . 1 . This yields the following sample 

sizes f or the three groups : 

1) Group 1 
(Sites OCA: BG : 7 , 17 and 22) 96  meter squares 

2) Group 2 

(Sites OCA : BG : 12 , 19 and 21) 94 meter squares 

3) Group 3 

(Sites OCA: BG : l , 2 , 4 , 5 , 6 , 8 , 9 , 14 and 15) 70  meter squares 

The actual number of grids to b e  excavated at each site is derived from 

the percentage of each group ' s  surface area which is represented by each 

site (with appropriate rounding) . The ac tual cho ice of grids will be 

random, but with provision that several grids may be placed contiguous to 

an initial rand om selection, if structure in the archeological record 

warrants it . 

The selection of grids will be adjusted so that approximately 10% 

of them fall outside the boundaries of any given -site , as def ined on the 

basis of intensive surface c ollection. The surface collection and c ontrolled 

excavation will also b e  supplemented by test holes dug with a soil auger 

or post hole digger .  

2 .  Analysis o f  the Prehistor ic Materials 

The research questions outlined above will require two basic kinds 

of artifact analysis : (1) a sample of the obsidian flakes will be subj ected 

to hydration analys is f or dating purposes and (2) s tandard typological 

ob servations will be made "  on all ma terials to determine lithic reduc tion 
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strat�gies . At least a statistically valid sample of the utilized 

materials and all shaped tools will be subj ected to an edge wear analysis 

to determine function. 

In order t o  recover the paleoecological informat ion required , two 

kinds of soil samples will b e  taken and subj ected to both palyno logical 

and macrob otanical analysis . These are :  (1) samples from the excava ted 

s quares and (2) a controlled profile from a noncu1tura1 context. Hope-

fully , it will be possible to build a sequence from the samples asso-

ciated with obsidian hydration dates . To this end , an ef fort will be 

made t o  take samples f rom cultural contex ts which have associations with 

dateable obs idian f lakes . It should be clear that the key to answering 

the questions raised ab ove is in accurate dating of changes in the 

pat terns of plant and animal exploitation and in the frequency or par-

ticu1ar pat terns of ar tifact use . The very high percentage of ob sidian 

f l akes in the sites holds out considerable pr omise in this area. 

3 .  Investigation of the Historic Sites 

Two sources of information will be exploited in the documentation 

of historic sites:  (1) Local and state government record s ,  as well as other 

documentary sources will be examined to determine who has had use rights 

on the Baca Grant .  (2) Local residents will be interviewed t o  build an 

oral history of the lease and its immediate surroundings . These tasks 

will be accomplished by the proj ect ethnologist and the consulting 

historian. 

In addit ion, the archeological f ield crew will extensively photograph 

the historic s ites . Scale plans of all historic sites will also be 

prepared , using s tandard archeological mapp ing techniques .  Special 

attention will be g iven to past sheepherding on the Baca Grant .  
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IV . fROJECT DESIGN 

1 .  General Consid era t ions 

The estimates of f ield t ime have been derived as follows : (1) 

Sites have been d ivided into low, med ium and high art ifact d ensity . It 
is estimated that each square meter of sampling on sites with low d ensities 
will require one man day, two man days for sites with medium d ensities and 
three man days for sites with high densities (4 60 man days t otal ) . Surf ace 
collection time, auger hole tes t ing , and mapping time are bU il t into these 
estimate s .  

Other act ivit ies , such a s  mapping the histor ic site s ,  will be 
accomplished by supplementing t he f ield crew with the presence of the Proj ect 
Director and /or the Princ ipal Investigator . This will also allow them to 
ach ieve the full familiar ity with the remains in the study area which is 
requ ired for succ essful proj ect implementation . 

2 .  Proj ec t Phases 

A .  Adminis trative Gear-up 

Duration : 10 days (working ) or two work weeks 

During this phase , the Proj ec t Director and Principal Inves t ig ator 
will identify and provide f or the logist ical needs of the proj ec t . 
Potent ial proj ec t personnel will 'be interviewed and the crews hired . 

B .  Field Investigat ions 

Durat ion : 3 . 69 work months 

During this phase , the f ield crew of three persons , under the super
vis ion of the Field Director , will map and surface collect the prehistoric 
sites and excavate the sample squares . The Proj ect Director and /or 
Principal Investigator will spend an aggregate total of 60 working days 
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in the study area,  assisting the f ield crew and f amiliar izing them-

selves with the cultural manif estations . At the conclusion of this 

phase . the Proj ect Director will prepare the prel�inary f ield report 

and the Principal lnvestigator will submit it , in order to gain an 

interim clear ance f or construction and other act ivit ies . 

C .  Laboratory Investigat ion and Preliminary Report Preparation 

Duration: 2 . 46 work months 

During this phase,  the materials recovered in the field will be subj ected 

to technical and typological analysis . S tatistical and c omputer 

techniques will be employed , as appropriate .  The Proj ect Director 

will supervise preparat ion of sections of  the f inal repor t which will 

be wr it t en by various proj ect members .  

D .  Repor t Finalizat ion 

Duration : 1 . 5  work months (funded) 

Dur ing this phase , the Proj ect Director and the Principal Investigator 

will f inalize the report draf t .  The proj ect will conclude with sub -

mission o f  this report to Union Oil , the S tate Historic Preservat ion 

Off ic er , the Keeper of the National Reg ister of Historic Places and 

the inter es ted scientif ic community . The entire proj ect is budgeted 

f or a dur ation of  8 . 14 work months;  however , an additional 6 months 

non-funded "period of perf orma1'\cetl will be required to produce a 

r epor t meeting O . C .A . ' s  customary standards . Thus , O .C .A .  agrees t o  

d eliver f inal reports approx�ately 14 months from the date o f  initial 

expenditure of fund� . Draf t reports will , of  course,  be provided 

earlier . 
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The attached budget has been prepared in accordance Yith the schedule 

of salaries and wages established by. The University of New Mexic o .  All 

proj ect employees will be bonaf ide professionals . While the estimation of 

cost on excavat ion proj ects is always a diff icult matter , due to the fact 

that sub surf ace deposition cannot be precisely predicted from surface 

manif estation, an attempt has been made to indicate the maximum cost under 

reasonable conditions . No provision has been made f or unusual delays due 

to extend ed periods of inclement weather or postproposa1 changes in Union 

Oil ' s  requirements .  

I f  this proposal is found t o  b e  accep table, work can begin under a 

letter of intent which references the proposal number and provides a 

ceiling on expenditures .  I t  is expected tha t this will be followed by a 

formal contract within a reasonable period of time. Billings will be based 

upon actual documented expenditures . The invoices will be s ent monthly and 

will ind icate expenditures by maj or budgetary categories . Documentat ion 

will be maintained at The University of New Mexico and held available for 

audit upon reasonable notice. All f iscal arrang ement s  can be made by 

contacting Mr . Bill Richards ,  Contract and Grant Accounting Manager , The 

University of New Mexico (phone 505/277-4 7 21) . 

VI . OTHER CONS IDERATIONS 

This pr oj ect is subj ect to a number of special consid erat ions . 

especially due to the high elevation of the proj ect area . First , in all 

cases where a conflict of interest arises between specif ic aspects of 

the proj ect d esign and the saf ety of the crew ,  the conf lict will be 
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resolved in f avor of crew saf ety. S econd,  the time estimates have been 

based on a presumpt ion that it will not be necessary to r�ove a ll  

equipment from the archeological sites a t  the conclusion of each workday . 

Union Oil will b e  expected to provide for the physical security of equip

ment lef t on s ite s .  Further , the compl et ion of the f ield work will require 

the cooperat ion of Union Oil in problem situations,  such as stuck vehic les 

or stranded crew member s .  It is also presumed that full access will be 

provided to scient if ic s tudies , such as b iological surveys which have been 

carried out on b ehalf of Union Oil or the Public Service Company of 

New Mexico . 



�UCE K,NG 
GOVERNOR 

o W. K,NG 
SECRETARY 

Nr. Art C.  \�ilbur 
Project�Ibnager 
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STATE OF NEW MEXICO 
DEPARTMENT OF 

FINANCE AND ADMINISTRATION 
PLANNING DIVISION 

ANITA H ISENBERG 
OIRECTOR 

August 14 , 1979 

ceotherrral Power Plant Project Office 
U. S .  D2partrrent of Energy 
Plaza del Sol Building, Roam 712 
600 Seccnd Street , i:J . W. 
AlbUlUerque , New r-Exico 87102 

!:ear I.I'..r . Wilber : 

Attachment 3 

505 DON GASPAR AVENUE 
SANT A FE. NEW MEXICO 87503 

15OS) 827-2073 
15051 827-5191 

• •  

1bis is to state that I have received a ropy of Hr .  Charles A. IIerrinq"-..on ' s  
August 6 ,  letter to you, i"-1 which bventy-nine sites and one locality on the 
Baca Geothermal lease are identi fied as being collectively eligible to t�e 
National �gister of Historic Places as being likely to yield significant 
scientific information . 

I have read the report entitled "Proposal to Union Geothermal Co .  for a 
Program of Archeological Testing" , etc . (Office of Contract Archeology , 
University of Ne<d l Exico, June , 1979 ) , and \"lish to state that in my opinion 
the significant information derivable froM this archeological district may 
be recovered in t he manner proposed in that report . 

I therefore reoo�d that you send the mitigation proposal with t'ri s  letter 
to the P.dvisor'./. Council ' s  Lenver Office , attached. to a request for Colll1cil 
COI1Trl2I1t .  I v/ill discuss this matter with the Council staff soon and ask for 
an expetLitious review . The Council ' s  oor:rn::mts will specify Ylhat further 
action is necessary . 

Tha.'l,k you for your oontinuing ccx:>peration . 

Sincerely , 

-f2- GU � 
'IhorncLS � ; .  I-Erlan 
State Historic Preservation Officer 
Historic Preservation Bureau 

'IWH: lm 
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Attachment 2 

STATE OF�· NEW M EXICO 
EDUCATI O N A L  F I NANCE AND CULT U R A L  AFFAIRS DEPARn .. � ENT 

HIS, ORIC PRESE RVATION PROGRAM 

SAN1A FE 
87503 AREA CODE 50 

TEL EPHONE 827-;  

Ma r c h  1 9 ,  1 979 

Mr . Art W i l b u r , P roj ect Ma n a g e r  
Geother.a l P ro j e ct Off i ce 
Dep a r tme n t  of E n e rgy 
P l a z a  d e l  S o l , Room 7 1 2 
600 2 n d  S t re e t , r u o J .  
Al b u q u erqu e , N ew Mex i co 8 7 1 02 

De a r  '·1r . �l i l bu r :  

T h i s i s  w i t h  re fere n ce to the r e p o rt e n t i t l ed "An I nves t i g a ti on i n to 
H i g h  Al t i tude Ad a p t a t i ons : the B a c a  G e o t h e rma l P roj e c t "  ( U n i v e r s i ty 
of New Mex i c o  P ropos a l  N o .  1 85 - 30 ; O c t o b e r  4 ,  1 9 78 ) . 

T h e  report d e s c r i b e s  v,./e n ty - n i n e a rc h eo l og i c a l  or h i s t o r i c a l  s i t es 
a n d  t h ree l o c a l i t i e s i d e n t i f i e d  by a n  i n v e n t o ry s u rv ey of a 1 9 8 4 -
a c re tra c t .  

Ha v i n g  read t h e  report ' s  d i s c us s i o n ( p p _  1 27 - 1 3 5 )  o f  t h e s e  re s ou r ces , 
I concu r t h a t  the twen ty- n i n e s i te s  a nd l o c a l i ty 3 a re l i k e l y , a s  a 
g ro u p , to y i e l d  s i g n i f i c a n t  s c i e n t i fi c i n fo rma t i on .  The r.la n n e r  i n  
wh i c h s uch i n forma t i on �i l l  b e  o b t a i n ed i n  the fi e l d  a nd t he l ab o r a 
t o ry d e p e n d s  o n  t h e  n a t u re o f  t h e  e v e n t ua l l an d  mod i f i ca t i on .  I 
a g ree that s i tes s h ou l d  b e  a vo i ded whe n  poss i b l e .  I n  a ny c a s e , t h e  
d a t a  recov e ry p rog ram wi l l  b e  b a s ed on a s amp l i n g s t ra tegy , a n d  w i l l  
not neces s a r i l y  mea n  i nv es t i � a t i on a n d  a n a l y s i s  of eve ry s ite . I d o  
not b e l i eve tha t t h e s e  res ou rc e s  h a ve a ny v a l ue wh i ch ma��5e p re s e r ved 
by record i ng and a na l y s i s _  T h i s i n c l udes t h e  a rc h i tectu ra l s i t e s . 
! d o  not reg a rd i n - pl a ce prc�e rv a t i on a s  e s s e n ti a l . 

J h a ve t h e  fo l l ow i n g ·s pec i f i c  rec omme n d a t i o n s  t o  offe r .  Y o u , as the 
representa t i ve of . th e  i nv o l v e d  fe d e ra l a ge ncy , s ho u l d  fon..; a rd t h i s  
te t t e r , you r  ow n con c l u s i o n s , a n d the report to D r .  Wi l l i a m J .  Mu r t a g h , 
Ke e p e r  of the N a t i opa l Reg i s te r ,  a t  y o u r  e a rl i es t  conven i e n c e . H i s 
a ddress i s :  

Dr . W i l l i am J .  Murtagh 
Keepe r o f  t h e  Na t i ona l Req i s ter 
O f f i c e  of Arche o l ogy and H i stori c Prese r v a t � on 
He r i t a o e  C o n s e rv a t i o n a nd Rec re a t i on Se rv i c e  . _  . 

. ! � ..... 
De p a r t�le n t  o f  t h e  : I n te r i or \" . .  _ _  � .  :_'/ �' , 
4 4 0  G .  S t reet , N .. '� . . . ' .. ..: ,,: "/ . . .:. ... � .... il( "· ... .. , " Wa s h i n g t on , [j_ C .  202 4 3  l--Y 1'tf4!� :!��l§ . 



Mr . Ar t W i l b u r  
Ma rch 1 9 ,  1 9 79 
Pa g e  2 
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Dr . Ha r l a n  w i l l  b e  wri t i ng a Ji t i g a t i on p rog ram i n  th e mea n t i me .  I f  
Dr . r�u r ta g h ' s  a ns\.,r e r  a g rees wfth our con c l u s i on s . ( w e  can expect t o  
hea r from h i m  i n  a b o u t  t e n  d ays ) you s ho u l d  forwa rd t h e  p rog ram · t o  
t h e  Ad v i s o ry C o u n c i l on H i s to r i c Pres e r v a t i on i n  Den v e r . Add res s :  

Mr . L ou i s  S .  W a l l . Depu ty D i rector 
Ad v i s o ry Cou n c i l on H i s to ri c P re s e rv a t i o n  
Off i c e  of Re v i ew a nd Comp l i a nc e  
P . O .  B o x  2 5085 
Denv e r , C o l orado 80 2 2 5  

J f  yuu d o  n o t  a g re e  t h a t  t h e s e  res ou rc e s  a re s i g n i f i c a n t , D r . M� rtagh 
s t i l l  h a s  fi n a l  a u th o r i ty to de c i d e  t h e  q u e s t i o n . I f  he d o e s  n o t  
a g re e  t h a t  th ey a re s i g n i f i c a n t , the Depa rtme n t  o f  E n e rgy need n o t  
ta k e  a ny f u r th e r  a c t i on . I f ,  howeve r ,  Dr . Mu r ta g h  d o e s  a g re e  w i th t h e  
a b o ve , M r .  Wa l l  w i l l  h a v e  to i nd i c a te h i s  a g re eme n t  w i t h  t h e  propo s e d  
m i t i g a t i on ( w e  c a n  ex p e c t  to h e a r  from h i m  w i th i n 4 5  days , b u t  p ro b a b l y  
s oo n e r ) ". I f  h e  d oes a g re e . t h e  prog ram c a n  be c a r r i e d  o u t  by Dr . 
H a r l a n  a t  t h e  c o n ve n i ence of a l l t h e  c on ce rned p a r t i es . 

P l ea s e  l et me k n ow i f  you n eed further i nfo rma t i o n .  

TWM : d g 
c c : R i c h a rd Engebretsen 

C h a r l es Ca r ro l l 
�1a rk H a r l  a n  

S i  n c e re l y , 

--D LJ tJ.-L-I �  ... � 
T h omas W .  Me r l a n  
S ta te H i s tori c 
P re s e rva t i on Offi ce r 
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/Y -- ,��. 
",' r. \ Yo. !.Qi ��"'�. ,:). 

� @'� � ;-; A B � A '  d 'oI�. ' ./.0' »t,!l:sv" 
Department of Energy 
San Francisco Operations Office 
1333 Broadway 
Oakland, California 9461 2 

Apr i l  4 ,  1 9 79 

Dr . Wi l l i am J . Mur t a gh 
K e e p e r  of  the  N a t i on a l  R e gi s t er 
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O f f i c e  o f  A r c h e o l ogy a n d  Hi s t o r i c P r e s e rv a t i on 
He r i t a ge Cons erv a t i on an d Rec r e a t i on S erv i c e 
D e p artment of  the I n t e r i or 
440 G .  S t reet , N . W .  
W a sh ingt o n ,  D C .  2 0 2 4 3  

De ar Dr . Mu r t a gh :  

At  t h e  sugge s t i on o f  D r . Thoma s W .  M e r l an ( en c l o s ur e  I ) , New Mex i c o  S t a t e  
Hi s t o r i c  P r e s e r v a t i on Of f i c e r ,  I s e n d  you h e r ew i t h  a copy o f  the  I IS t rl t ion 
and Well S i t e  A r cL e o l o g i c al An a l y s i s  ( an inve s t  i ga t i on int o  h i gh a l  t i t  u d e  
adapt a t i on s )  f o r  t h e  p ro p o s e d  B a c a  G e ot h e rm a l. P r oj ectl l  ( en c l o su r e  2 ) .  

Th e geotherma l p ro j e c t  n o t ed i n  the  r eport  i s  the  Geo th e rma l Demon s t r at i on 
Powe r  P l ant  P r o j e c t . Th i s  P roj e c t  i s  co s t  shared among s t  Pub l i c  S e rv i c e  
C omp any o f  New Mex i c o , Uni on Geothe rmal Comp any o f  New Mexi co , and t h e  
U .  S .  Dep ar tmen t o f  Energy . T h e  e a r l y  s t a ge s o f  t h e  P r o j e c t  a r e  p r oc e e d i ng 
und e r  a Le t t er Cooper at ive Ag r e emen t ,  and a d e f i n i t iv e  Coop e r a t ive A g r e ement 
i s  in f i n a l  n e got i a t ion . P r o j e c t  act iv i t ie s  on- s i t e  are l im i t ed unt i l  t he 
Envir onmen t a l  Imp a c t  S t a t eme n t  p r o c e s s  i s  comp l e t ed s ome t i me l a t er t h i s  y e a r .  

I h ave n o  d i f fe r i n g  conclus ions n o r  i isu e s  t o  t ake wi th e i t h e r  t h e  r e p o r t  o r  
Dr . Me r l an ' s l e t t er . I f  t h e r e  a r e  any a c t i o n s  I shou l d  t ake i n  ad d i t i on t o  
tho s e  rec ommen d e d  by D r . Me r l an ,  I woul d ap p r l- c i a t e  h e a r i n g  o f · them.  

S i ncerely , • 

/) ;:- /J ( /VJJ/�-v/I 
'Ar t  C .- Wi lbur , P ro j e c t  Nanager 
Geo thermal �ower P l an t  P r o j e c t  O f f i c e 
U .  S .  Depar tment o f  E ne r gy 
P l a z a  d e l  S o l  B l d g , Rm 7 1 2  
600 Second S t r e e t , N . W .  
Albuqu e qu e , ' NM  8 7 1 0 2 



Advisory 
Council On 
Historic 
Preservation 

1522 K Street NW. 
Wnsh illgloll fl.C. 
20005 

E-33 

Reply w; r. O. R(lX 250� 
1i.� \: I · )er. Colorado 80225 

- - - --- ------ ------

Sep t emb er 7 ,  1 9 7 9  

...Mr . Arthur C .  H i lb ur 
P roj e c t  Manager 
Dep artment o f  Ene rgy 
S an Fran c i s co O p e ra t i ons O f f i c e  
Geotherma l Demons t rat ion Power 

P lant P ro j e c t  O f f i c e  
Room 7 1 2 ,  P l a z a  del  S o l  B u i l d ing 
600 S e cond S t re e t , N .  W .  
Alb u q ue r q u e , New Mexico 8 7 1 0 2  

Dear Mr . hl i. lbur : 

On Augus t 2 0 , 1 9 7 9 .  t h e  Coun c i l  r e c e ived y o ur l e t t e r  r e q ue s t i n g  
commen t  o n  t h e  m i t igat ion p l Rn wh i c h  was enclosed and c l earance 
for the p r o p o s e d  Geo t h e rma l Demon s t ra t ion P owe r P l an t , Rio Arriba 
and Sandoval Coun t i e s , New Mex ico . The c u l t ural r e s o u r c e s  which 
may be a f f e c t e d  a re 29 archa e o l o g i c a l  s i t e s  which have b een 
d e t e rm i ned e l i g ib l e  for inc l u s io n  i n  t h e  Na t iol al Reg i s t e r  o f  
H i s t o r i.c P la c e s . Howeve r ,  t h e  s u p p o r t i n g d o cumen t a t ion f o r  our 
rt' v h'w an d comme n t  is i nadequat e .  P l e a s e  submit the f o l l owin g 
ad d i L i o n a L  i n fu rma U o l1 , a s  r L' q u i r c d  b y  S e c t io n  HOO . LJ ( <I ) , to l�n a h l e  
u s  t o  comp l e t e  o u r  review o f  your r e q u e s t : 

1 .  T h e  Agency ' s  de t e rm i n a tion o f  t h e e f f e c t  o f  t h e  un der
t akin g .  

2 .  T h e  wr i t t e n  v iews o f  t he S t a t e  H is t o r i c  P r e s e rva t i on 
O f f i c e r .  

Upon r e c e i p t  o f  adeq u a t e  d o c u men t a t io n , w e  w i l l i n i t i a t e  u ur 30-
lby r e v i e w  o f  t he ·  d e t e rm i na t i o n  o f  e f f (' c t  pursua n t  t o  S L' c t  i on 
800 . 6 (a )  o f  t h e  Counc i l ' s  re g u l a t ions , " P r o c e d u r e s  fo r t i ll' 
P r o t e c t i on o f  Hi s t o r i c  and Cul tural P ro p e r t i e s "  ( 3 6 CFR P a r t  800 )  
and i n f o rm y o u  o f  a ny ob j l' l' L i u l1s w i r- h i n  t h,l t t i.me . [ f  llO obj ec
t ion is  n o t c o , you have s a t i s f i ed your re s po n s i b i l i t i.es u n d e r  
S e c t io n L 0 6 o f  t i l l' Na t i on;l l l I i s t l1 r i c  P r v s e rva t i o n  Ac t:. 1 1  y o u  

'have any q u e s t ions , p l ea s e  c a l l  J ane K i ng , S t a f f  Archaeo log i s t , 
a t  ( 3U 3 )  2 34-4 946 , �n FTS numbe r .  

S in c e re l y , 

�-i� _·� 
C h ie f . Wes t e rn D i v i s ion o f  P ro j e c t  Re v i ew 
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C,, - , :-, r i l On  . ... __ A . � J  

Pre s e rYo t i o n  

"G·.::c e-:::!1es fo r ��2 � i n �  1 t�it�·c;se _E : fe c t" a...'T"1 d  "�·:o .,;c'v'e !" s e  E f f e c t" 
��: ���� �a: io� 5 f o r  A r ch� s l � £ i c a l  � � s o u r c e s  in A c c � �� an c e  � i t h  

3£ C !F: ? a r :  SOD . 

A � c�eo ! o g i c a l  ? r o p e r t i e s inc l u � e d  in o r  e l i g ib l e  for  in c l u s io n in 
t �� �a : �o�al �e g i s t e r  o f  � � s : 0 ri c  P l a c e s  a re £ �� e �3 1 � y ,  nc�i�a t ed 
t:.:: :'::"  �: a t i c :1 a l  F .. e: ; : s t e "!:"  C :r :  t -? r: i on n e "  (36  C� ? a r t E. C . 6 ) ;.:h ich s t a t E:S 
tna: a p r op er ty ::;ay q:lal i r y  i f  i t  h a s  " y:::'eld ec , c· r =ay tl e  l ikely t o  
y i el d .  inf o rsa t i o n  i::ip o r t an t in p r eh is to ry or hi s t o r y . " �';-n i l e  

d i s turb an c e  o f  a r ch eol o g i ca l p r o per t i e s  sho uld be avo id e d , un d e r  
c ertain c ircu�s t an c es ,  pr op e r t i es p r imarily s i g� i f i c a n t  f o r  the data 
they c onta in can b e  s a i d.  t o  r ea l i z e  t h e ir s ign if i c an c e ... hen this dat.a  
is r e t r i eved i n  an appro p r i a t e manner . 

In such c a s es ... h e r e  a Fed era l un d er t akin g  ( 36 CFR P a r t  8 0 0 . 2 (c ) )  can 

re sul t in the recovery o f  d a ta f r o �  an archeolo g i c a l  pro p e r ty o r  in 
eligi b l e  fo r i n c lus ion in th e Na t i onal Re gis t er of H i s t o r i c  P l a c e s , 

the Agency O f fi c ial should take th e f o llowing s te p s  to d e c ide �he :her 
a "no adverse e f f e c t "  d e t e r:::ina t i on c an b e  ::ad e ;  

'Th e Agency O f f i c i a l  sha l l ,  i n  con sul ta t ion ... i t h  the S t a t e  H i s t o r i c  
Preservat ion O f f i c e r  ( S2PO ) , apply the c r i teria s e t  forth i n  Par t  
I beloy. I f  th es e c r i t e r ia are not me t ,  t h e  Agency O f f i c ial sha ll 

coop ly ... ith th e p r o c e dures set forth at 36 eFR P art 800 . 4 (d )  
et �. I f  the c r i t er i a are me t , t�e A gency O f f i c i a l  may i s sue a 

d e t e nnina t ion o f  no adVe r s e  e f fect for any d a t a  reco very p r o £::-a::l 
conduc t ed 'in a c co rdan c e �i th the requi r emen t s  �et f o rth in P art I I  
belo...  Do c l.!::Jen t a t i on t � a t  the c r i t eri a and r e c u i rene!l'Cs s e t £ C ::- t�l 
in Par t s  I and I I  b e lo� �ave � een net , a long �ith the co�en �s o r  

t o  th e Council for r ev i ey in a c co :"ca,: :  

Part I :  C r i t e r i a  

1 .  Th e proper ty i s  no t a �a t iona l  H i stor ic Lanaoa rk . a 
!;a t iona l H i s t o r i c  S i t e  in non- federal o;.;-nership , o r  
a p r o p z r t y  o f  n a t i o n a l  h i s t o r i c al s i gn i f i c ance s o  d e s i gn a t ed 
wi t h in the X a t iona l  Fark S y s t e m  . 

.., T:le S �?O h a s  G e t c r ::--i :-. e a  t:l 8. t  17',- p l a c e  ? r c <s <? r-;a t ion (I i"  t h e  
p r 0 p er ty i s  n o t  n e c E s sa r y  t o  ful f i l l  pu rpo s e s  s e t  f0 r th 
in the S t a t e  � i s t o r i c  ? r e 5 e ::-�a t i o n  P l a� .  
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3. The 5HPO a n d  t � e  A ;� n cy O f f i c i a l  a g r e e  t ha t :  

a .  :he p r o p e r t y  ( in c l u d i� �  ? r v ? e r t � e s  t h a t  
a r e  s ubs i d i a ry e le�� n t s i� a l a � £ e r  ? rO ? 2 r t y  
= � f ir:ed i n  C :- i  t e: r ion 1)  :-, i0 5  :1 :: :: :' ::::.'1 1 ':2 : '..le 

2 5  an e:,h ibi t in p l a ce for pub l i c  un d e r s t 2:1cing 
anc enj o :-::le n t ; 

b .  ;'::love an d b e yon d i t s  s c'ien t i f ic va lue , the p r o p e r t y  
i s  no t knm ... -:1 to niOve h is to r i c  o r c u l t ural s i gn J.I � ccm c e  ... 0 
a cou-JDun i t y , e t ;m i c ,  o r  s o c i a l  £rou? t !i a ::  .... :o uld b e  

��? a ir e d  by t h e  r e t r i eval o f  da ta ; 

c .  C�rren t l y a v a i l a � l e  t e chnc 1 0 S? i s  s �ct : � a :  t h e  

signi f i c c n t  in r ':> IT.:2 t :i on c :':-I L E:. i :-� e ci  :. �  -: :-: =  ? r· .. ' :;.: e r ry c a!& 
:,e r e t r i e\· e d .  

4 .  Fund s  and t irr.e have b e en corr'::;)i t t e d  to a c equat ely r e t r i eve t h e  
da t a .  

P a r t  I I :  Data Re co v e r v  R e o u i r emen t s  

1. The d a t a  rec overy wil l b e  con d u c t e d  un d e r  t h e  s u p e r v i s ion o f  
a n  a r cheo l o g is t who mee t s  t h e  " P ropo s e d  Dep a r t men t o f  t h e  
In t e r i o r  Qua l i f i ca t ions fo r th e Superviso ry Archeologist  
(Field wor k  P r o j  e c  t �. "  ( S e e  A t  tachmen t #1 . )  

2 . The dat a r e c overy w i l l  be condu c t e d  in accordance with 
" P ro fes sional S t an d a r d s  for Data Re covery ? r ogra 1:lS . , .  
(See A t t a chmen t #2 . )  

3. A spec i f ie d  d a t e  h2s b e en s e t  f o r  comp l e t ion an d subm i s s ion 
of the final rep o r t  to the Agency O f fi c i a l . 

4 .  P l an s " have b e en ma d e  f o r  d i spo s i t i on o f  the �a t e r i a l 
a f t e r  they h

.
i�ve b een ana l y z e d  for  the : i :1a l !" e p o r t . 

Att acflr::en t f!J . )  

r e c. o v e r e e.  
( S e e 

5 .  R e gar d in g  t h e  s t a t u s  o f  t he a f f e c t e d  pro per ty , do cumen t a t ion 
o f  t�e con d i t i on and s i gn i f i c a n c e  of the p rop e r t y  a f t e r d a t a  
recovery w i l l  b e  p rovi d e d  t h e  Agency O f f i c i a l  a n d  SHPO f e r  
f o ��a r d in g  t o  t h e  Na t iona l  Regis t e r  o f  H is t o r i c P l a c e s  f o r  
a c t ion to in c l u d e  nom ina t ions , boundary changes o r  r e mo va l o f  
�a t i on a l  Re g i s t e r  o f  e l i g i b i l ity s t a tus , i n  a c co r d a n ce w i th 
��a t io n a l  R'e g i s t E:r p ro c ec ur e s ( 3 6  CFR P e r t  6 0 . 1 6 a� d 6 0 . 1 i ) . 
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A :  t ,j C! �:;. l' :-: t  if 1 I�::_��_�: � ' -�:=---=-.��_ �J: �  7 :� "  !, i�_�0�:::.-_; : :- � � ... � � r. � �  f e r  
t h e  � !j :'"" f ' :- \' ! ;: :; :-"; /. "; ·� � : �  .. : ::,, l t 1 �  : !; :  t :: i e l �  ' .. : .. -; r �� :: :- �- ..: \--- � : � )  

'i'h c ::: i n ! :� : :� F :-C [ c s � i c :1 .J l  c: u .�. l i : !. c .:. : � c :-: s  : o r  t h e  S Uy c: :-: ! � c r;.- .! .. .. d: e o l c !; !. s t 
a r c  a £ .. � � � � : c  � c � = c �  i �  � r c � � o l o ;y , � � : � = � � o l o £ y , o r  .J c l o s � ly .. c l a � c �  
f i e ld , o r  e;u !va l c n :  t r� i ni�;  n c � c ? t c d  f o r  .J c c r c d ! t � t !c n  ? � r ? Q s c s  �y t h e  
S o c � c t  . .  0 : 7' ,.. .... � e  .... .. l· " � - �  · - c .... -· ,., ' '"' � J  ... - s  p ' ' ' s ' < ' ) - - ' e - - - c ': v · c " ... r.: o  ... · t. s 0 _: _ ." _ .. .. ... . � ..;,  t... . , ,-," _  ':0 • • • •  \,. \"J -. \.  . .;.. . .. ... . "" , _ .... .. ... ti l.. _ � ;, ;. •. __ :.. _ "'  .. .  ; •. "" .. . 
p r o ! e s $ ic � .J l  e x ? c r i c n : e  o r  s ? c c i a ! i = c d  : = a ! n i n c  in 2 = c � � Q lc;y f ! e l� . l a b o r a -
t o "')" 0 "  1 J 'l... r .., _). " c s � - "' c'� .I n c l · 1 c  .. ... ... ( - ) a t ' e "' s · t' o u - -- - - .... ... 0 :  - _ · - ... ... .: ,.. ,.. ,.. c .. , ... - - - - - '" .. ,,- �  ... , . , . .  I. - . ' 0 C _ _  '- .:.  _ :..- _ ... _ ... ." ... c ... ·. :" \..: .. _ t.:  . .. _ 

in g (; :1 c: �.:! l  : �o :- : h  :' __ -:: e:. r i c :: :-.. .:? r = � c o 2. o � y , c1:1C ( � )  � t  l e� s �  s ��: :::-: :-: : h s  o f  f :' c l c  
e x? c r i c � c c  i� a s� ? e r� i � c r y  r c ! e ; ( 2 ) a � e� = � s t r a t �d �� �l i :y t o  c ar ry 
r e s c � r c h  t o  c � =? i � : � cn ,  u s u a l ly �v � � � � c c �  b y  t i=ely cc=? : e : i c n  o f  : � e s is , 
r e s e a r ch : e ? o r t s , o r  5 1= 1 1 2 r  � � � � = e � : s . 

F o r  ..... o �  .. ·1-: i::\p c l  ... · � ;-. £  ? :- r::-. :" s : o :- :: c  .:: :- \: :: e o l c ;:: ,  : :: e  Su ;:: cr-visc=y .!.:- c:-: e o l c £ : s �  
shou l d  have h�d  a t  ! � a 5 :  o � e  yea .. o f  � � � e r i e � = e  in r e s �a rch c o � c e rn ing 
£rch e o l o b : c a l  r e s o u r c e s  o f  t h e  p r e h i s t c � ! c  p e r i o ci .  

For \" o rk :r:volv:!.ng h i s : o r i c  a r c h e o l o E;Y .  th e Sup e rv i s c ry '  Ar c� eo l o g :!. s �  
should have h a d  a t  l e a s t  on e y e a r  o f  e x p e r i e � c e  i n  r e s e a r ch c onc e rning 
arch e o l o g i c a l  r e s ou r c es o f  the h1s : o r ic p e r i o d . 



A t  t a c :-..::c � :  ,1 ... 
!: ..:.. 
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1 .  7h� � � t� r e c o v e ry ? :- c ; = �= � h c u l d  b e  c c � d � c t c d  in � c c o r d � � c e  w i th 
2. p r o � c s s i c :: ,J l ly <l d c q\! u t e  r e c o  .... e ry  p !..:.n ( ;; c s e � r c h  c e s i b n ) : 

2. .  'i."l C  t> l � n  s � .:!  1 1  b e  ;l; C � =  r e d  c :- .J !': ': :: o':cC: b r  t� e . . . . . . 
S u ? c rv ! s o ry Ar c h cc l c ; ! s t � � �  s h .:! l l  r e f l e c t  a 
fa;1I in r i :: y � i t �  F r c v ic \! s  r c l cv � n :  r e s e � r ch ; 

b .  ,:":i C p l � :1  s h.::. l l  i � c lt.! :: e  � ci c f i t l : t �  s e t  o f  r e s C.E. r c h  
o�j e c t !v c 5 , t .:! k i �; i n t o  .J c cc\!n : p r e � i � � s  r e l e v a n t  
r e s c a r c� , t o  b e  �ns� c :: c ci  in 2 n� l y s i s  c f  the � a : �  
t o  b e  r e .: o '/e ::- e = ; 

c .  The p l an s�.J ll p r o v i � c  : c :- r e c c ve ry 0 :  2. uS2�le 
sacp le of c .J t .:!  on all s i gn1 f i c�nt r e s e a r �h te p ic s  
tha t c a n  r e a s o n ab ly b e  a d d r e s s ed u s inS the F r o?e r �y 
o r  a j us t i f i c � t i o n  f o ::- co l l e c t inb c a t a  en a 
so.a l l e r  range o f  t o p ics a t  t h e  expen s e  o f  o t:, e r s ; 

�. The p l an s h a l l  s ? e C 1 : y  a n d  j u s t i f y  the :e thods 
and t

'
e d: n i q u e s  t o . be used for r e co· .. e ry  of the 

d a t a  c o n t .:! in e c  i.i. :::e ;> ::- C p e r t y .  (�� c t h o c s  c e s : rt: c t i"J e 
o f d a t a  o r  inj � r i c �s � o  t h e  na t u ::- 2 l  f e a t � r e s  c f  the 
prope r t y s ho u l d  n o : �e e=? lcycd i f  c c �-� e s :=�c t i v e  

me t �ods a:e : c � s ib l e . )  

2 .  Th e c a t a  r e covery p = c g ::- a �  s ho u l d  p rovid e for 2c e�u� t e  p e :- s onr- c l . 
fa c il i t i es , anc equ i?=c n :  : 0 fu lly i=? l e=ent t:,e � e c cv e ;.y p l an . 

3 .  The d a t a  r e c o v e ry p r o g r a: s h o u l d  in su r e t::a t  f� l l . a c c u ra t e  and 
in t e l l i g ib l e  r c cV "c s  � i : l  be �aci c and =�i� : G in�� o f  a l � f i e l d 
ob � c rvc.. t ic n s  CJ.rlC c ? e r o. � i o n s , inc l\.!·:: i � g  bu t no t l := i. t: e c t o  
excava � �cn anG r e c D r c � � �  � c ��� i q� c s ) s : � � � i £ � � ? � ic ene / o r  
a s s o c i � � i c � � l  = e l n t �o� � � � F S  �h e r c  c ? p � c ? r�a t e , a n d  s i g � i f ic a�: 
environ= e n t a l  r e l � t io � s h i ? s .  

4 .  P a r t i c u l a:- l y  �h e n  a � a : a  r e c ov e ry p r o ; =�� i s  c o n � u c t e d  u?on a 
p o t e n : i � l l y c c �? l cx h i s : o r ic o r  ? r eh i s : o r ic p ro p e r ty ( e . g . , an 
hi s t o r i c  t c�� s i t e ; a p r e h i s t o r i c s i t e  tha t :ay c o n t � i n ��ny 
o c c u ?� t i o �  l �y c r s , c c � � : c � i � s , o r  �r ch i : c c : u = a l  = c � 3 i � s ) . 
s i t u � t ! c � s  = = 1  = r : s �  o r  � � : =  � c  e � c c �� � c r c �  :�= t � e r e  � o t  
c n t i c :!. ? .: t c d ! n  � c s  : ;:� i � ;  t � c ? :- 0 ; :- J.::: . ';:: � (;:� a : e  ? -c :: "":' S : :: ;1  s :,cu lci 
be ��d e f o r  �2J � � i c � : i c �  o f  t � e  � � t 3  r c c c � e r y  ? : � n  to c c ? e  
\.·i t!1 L: :1 f o r c s c � :1  c : s .: o\- c r i c s 'o r c � h c :"  u n c::. :-:? c c � � �  c : :- c�=s � .:! � c c s . 



• 

E-38 

s .  7hc � � : 3  � C � C V = �y ? r C C � � �  s �o � l �  ! � c l� � c  p r n � i � i c �s for 
d i � 5 C = i � � : � c n  c !  t�c = c � � l : s  cf  t�c � � O � ��� . G c � e � = 1 1y . the 
f !n � l  r t! � o :- .: !j.:-'� t l�¢. . .. ?� ;:� c c  . .J'.:·a :' � ,:; :' l c  t o  t�c S: �::O , the S � � t e  
a r c \., " .. ..  .: ,.. - .. \ , ,", S ... .., � '"  � ... ... � '"' � t C - ·.; s· ,;,;. , · · · ... \.." c �·� ��""'·.:.·�--·I"" """'· .. � l· C"' ''' s·, � , ,, '; n o· I. •• _ _ _ ,, ' '- , .... . .  � '"- ... .. ... _ 4,0. . ,- , .. _ _ _  ; ,  .. _ ,  .... ... . ..... � :' _ .. _ ..... _." t.... u _  v .. ..  """ ':" '- _. u 

. & � -- ,. - 1  ,... ., � �  : ... � �  D "' '''' _ " _ " r-I "  r ... .,: ·  - .. of ..J � • 
• -. ..  c ... _ '..J .... o :.,, _ .J  ... O oL  ... .. .  \,,; � r· .:1 .. '- . - �  .. .  '- o �  L :1 C .l :1 1. e :- .. o r . c:i:1\.. _ r� c  
Cr . .l !.. :-=an , Dc?� � t =: C !l t c f J\:-: : :: = o p o l � ;)· , 5=1  ti� s c n :'�:t !�s : i  t c :.  ion • 

• 
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��� s : o =o : �  o f  : � �  � � t i � � : : s  a t  � �  i � s : i t u r ic� : � � �  C�� ? = c � c r ly i � s u r e  
t�c ! r  p re s e = v� : !o� = � d  t�� : �! l l  ��kc t h c� av� � : �� l �  f o r  =cs e=�ch a n d  
pub l i c  v ! � � .  I :  s u c h  �� : � r i = l s  u r e  n o t  i" F c � � ==l o��e r s h ip . � � c  c c � s c�c 
of t h e  O '  .. � � �  =�s � b e  ob t :-� i ;: �.c 1 �;'l � c c o r� � n c c  �.:' ::: ;! ? � l :! � = : !. e  l.:!':..- ,  c c n c e =�inb 
the c i � p c s : : i�� c: the r-� � 2 � ! � l s  � f c e �  cc�? l c t � = �  0: t�c r � ?o = � .  
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Departme�'t of Energy 
San Francisco Opera!.ions Office 
Geotherm-:ll Demonstration Power Plant Project Office 
Room 7 1 �. Plaza del Sol Building 
600 Secor ld Street, N. W. 
Albuquerque, New Mexico 87 1 02 

Sept eml er 1 2 , 1 9 7 9  

Nr . LOll i s  S .  Wa 11 , C h i e f  
Wes t e r n  Div i s ion of P roj cct Revie\" 
AdvisO l·Y Coun c i l  on Hi s t o r ic Preserva t ion 
P .  O .  rox 2508 5  

Denv e r , Co lorado 80 2 2 5  

Dear HI: . \"a11 : 

Th i s  i !; in res ponse to you r Sep t emb e r  7 ,  19 7 9 , l e t t e r  r eg a r d in g  DOE ' s 
requ e s t f o r  comrnen t on t h e  m i t igat ion plan and � l earance for t h e  Geo t hermal 
Demons L rat ion Power Plant . 

In the opin ion of DOE t h e r e  tol i 1 l  b e  no adve r s e  e f f e c t  on t h e  Nat ional 
Reg i s t e r  - e l ig ib l e  archeolog ical s i t e s  in the I �eotherma l Demon s t ra t ion 
Power P lan t p roj e c t  a r e a  prov i d ing the m i t i ga t io n  plan is followed . In 
cons u l t a t io n  with the New Me xico S t a t e  H i s t o r i c  Preservat ion O f f i c e r  (SJ lPO) 
I have app l ied the c r i t e r i a ,  Part I ,  o f  your "C,l I id e l ines for �1aking 
' Adve r s e  Ef f e c t ' and ' No Ad verse Ef f e c t ' Det e rm i nat ions for Archeo l og i c a l  
Res o u r c e s  i n  Acco rdance w i t h  3 6  eFR Pa r t  8 0 0 "  i n  making this d e t e rm in.l ti o n .  
The mi t ig a t ion p lan, wh ich you have a l ready rece ived , i s  o f fered ev idence 
that the data recovery requi remen t s  o f  Part II  are s a t i s f i ed . Enclosure 1 
i s  a l e t t e r  exp ress ing t he v iews of the S HPO. 

c c : Jane King 
B i l l  Nann ing , DOE 
/11 .lel a c i c , DOE 
Benn i e  DiBona , DOE 

\.Ji lbu r 
P roj ect Manager 



BRUCE KING GOv�nNOR 

'il[;H� rARY 
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STATE OF NEW MEXICO 
DEPARTMENT OF 

FINANCE AND ADMINISTRATION 
PLANNING DIVISION 

ANITA HiSENBERG r"nEnDR 

50!; nON GASPAFI AVlNU[ SANT A FE. NE:W MEXICO 87503 
(5051 827-2073 15(151 827 5 1 91 

M r .  Art h u r  C .  W i l bu r  
P roj e c t  Man a ge r  
Depa rtme n t  of E n e rgy 

September 1 1 , 1 9 7 9  

S a n  Fra n c i sco Opera t i o n s  Off i ce 
(eotherma l Oemo n s t ra t i on Powe r 

P l a n t  Proj e c t  O f f i ce 
Room 7 1 2 , P l a z a  d e l  S o l  Ru i l d i n g 
600 S econd S t reet , NW 
A l buquerqu e ,  New �ex i c o  87 102  

Dea r Mr . �/ i l bu r :  

Th i s  i s  to s ta te t h a t  I h a v e  rev i ewed t h e  a r c heo l oq i c a l / h i s t o r i c a l  
s i te documenta t i o n a n d  proposed m i t i g a t i on p l a n  for t he propos ed 
Ge otherma l Demon s t ra t i on Power P l a n t  i n  Sandov a l  Coun ty . 

I u nd e r s t a n d  t h a t  t h e  Adv i s o ry Counc i l  on H i s to r i c  P r e s e rv a t i on 
requ i re s  d e term i n a t i on s  from you r o ff i ce a n d  f rom me o f  t he 
e f fec t o f  t h i s  proj ec t .  
I n  my o � i n i on ,  th i s  pro po s ed u n derta k i n g w i l l  h a v e  an effect on 
the c u l t u ra l  pro pe r t i e s  i d en t i f i ed as el i q i b l e to the N a t i on a l  
Reg i s ter ( twe n ty - n i n e s i tes a n d  one l oca l i ty ) wh i c h  wi l l  n o t  be 
a d v e r s e , prov i ded that the m i t i g a t i on p rog ram proposed by the 
O f f i ce of Con tra ct Arc heo l ogy , Un i vers i ty o f  New Mex i co to Un i on 
Geotherma l Company ( Ju n e , 19 79 ) i s  c a rr i ed ou t .  

P l ease l e t  me k n ow i f  you n eed furt her i n form a t i on ,  

S i ncere l y , 
/' �-{t- � . . ( � " (.

' , I. i . ',.. ' .  . _ . . . _ " . _  . .  

Thoma s H .  Me r l a n  
S ta te H i s to r i c P r e s e rv a t i on Of f i c e r  
H i s tori c P re s e rva ti on B u reau 

TW�1 : d g  
cc : L ou i s S �  Wa l l  

827-2 108 
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Enclo s ure I I  

Appl icat io n  of Guid e l ines f o r  }Ink ing a Det ermina t i on o f  
Ef f ec t  o n  the Archeo log ica l Re sourc es o f  the S i t e  o f  

t h e  Bac a Geo thermal Demons tra t io n  Power Plant 

Part I :  Cri t e ria 

1 .  The s i t e  o f  the Baca Geo th ermal Demon s t ra t ion Power Plant (GDPP )  is 
no t a Na t ional H i s t o r i c  Landmark , a National His t or ic S i te in 
non-fed eral ownersh ip , o r  a property of na tional histo r ical 
s i gn i f ic anc e .  The GDPP s i te has b e en d eclared e l i g ible f o r  t he 
Na t ional Reg i s t er of His tori c P l a c e s  (At tachment 1 ) . 

2 .  The New Mex ico S t a t e  Historic Preserva t io n  O f f i c e r  ( SHPO) has 
d e t ermined t ha t  in-place pres ervat ion of the archeo logical p ro p e r t y  
o n  the s i te i s  unnec ess ary (At tachmen t s  2 & 3 ) . 

3 .  a )  Archeo l o g ical ma t erials have been iden t i f ied at variaus loc a t ions 
throughout the GDPP s i t e  (Ref erence 1 ) . These ma t er ial s cons is t o f  
l i thic s c a t t er and the r ema ins o f  s everal his toric log s t ruc tur es . 
G iven the na ture o f  the ma t e r ial and i t s  d egree o f  s ca t t er � coup l ed 
w i th the rough , s t eep t e rrain and present inac c essibili ty o f  the s i t e , 
the p roperty has minimal value as a public exhib i t . 

b )  Th e Va l l es Cald era , o f  wh i ch the GDPP si t e  is a p ar t � is known 
to have rel ig ious s i gnif icance to the Ind ians of the region . However . 
up to this time the Ind ians have no t id ent i f ied speci f ic rel tg ious 
or s ac r ed s i te s  wi thin the Cal dera . An a rche o logical survey o f  the 
GDPP s i t e  has no t revealed any ind icat ions of ac t ive or aband oned 
rel igious s i t es , nor hav e the Ind ians sugges t ed t h e  pres enc e of such 
si t es (Ref erenc e 2 ) . 

The his t o r i c  ma ter i a l s  f ound o n  the s i t e  d e r iv e  mo s tly f rom ; ,  p e r iod 
o f  seaso nal o c cupat ion by sheepherd ers . T he r e  is no o ut s tanr [ ing or 
un ique f ea ture o f  th e s e mat e r ials wh ich would sugg e s t  t hey possess 
s p ecial s i gn i f icanc e .  No commun i ty , e thnic o r  social g roup h a s  
expressed an interes t in t he ir p r e s e rvat ion . 

On the basis o f  the b e s t  avail ab l e  informa t ion , the GDPP s i t l '  ha s no 
apparent h i s t o r i c  o r  cul tural s igni f icanc e  above and b eyond . t s  
sc ient i f i c  val ue . 

i 
I 

./ ; -
! - . 
, I 

\ 
. \ 

' . ! 

I 
./ 

I 
. 

I 



E-43 

c )  The ;l l" c h eo log i c a l  informa t ion con t a j ned at the s i t e  w i l l b e  
re t r i e v ed a c c o rd ing t o  a p ropos ed m i t i g a t io n  p rog ram (At t achment 
Th is p ro g l-am \Vi l l  use s tancl a rd archeo log ical p r a c t i c e s  for f i e l d  
c o l l e c t ion ; i t  has b een app roved by the SHP O . 

4 )  . 
d a t a  

4 .  The Union Geo th e rmal Compa ny has f und ed the mi t igrat ion prng ram 
p ro p o sed hy the Univ e r s i ty o f  New Nex ico (Att achment 4 ) . This pro gram 
al lows f o r  ad equa t e  t ime and funds t o  accomp l i sh d a t a  r e t r i eval and 
analy s is . 

Pa r t  II : Data Recov e ry Requ i rement s 

1 .  The Superv i sory Archeo l og i s t f o r  the GDPP s i t e  m i t igat ion pro gram 
w i l l  b e  D r . Mark E .  Ha rl an , D epar tmen t o f  Anthro po l ogy , Univ e r s i t y  o f  
New Mexico . Dr . Ha r l a n  has t en years ' e xp erience in f i eld arche o l o gy , 
inc l u d ing two years a s  a superv iso ry cont r ac t archeo l o g i s t . 

2 .  Da t a  r e t rieval and analysis w i l l  b e  conduc ted in a c c o rd anc e wi t h  the 
m i t ig a t i o n  p ro g ram (At tachment 4 )  p r e p a r ed b y  D r . Mark E. Harlan . 
Dr . Ha rlan pa r t ic ip a t ed in a p r evious s t udy o f  the s i t e ' s  arc heo log ical 
value s . The cur r en t  p r o g r am has as i t s  obj e c t iv e s  to a nswer the 
f o l lowing ques t ions : 

( 1 )  '-!ha t is the rang e o f  a va i l ab l e  b io t ic a nd no nb io t i c  res ourc es 
in the GDP P  s i t e ?  

( 2 )  '-!h a t  s e gme n t  o f  t h e  ava ilab l e  range was ac tually exp l o i t ed and 
d id this change t h rough t ime ? 

( 3 )  Is t h e r e  marked s ea sonal i ty in the ava ilab i l i t y  o f  t he r e s o urc es 
c ho s en for exp l o i t a t io n ?  

(4 )  \V",l at t ec h n i q u e s  w e r e  u t i l i z ed i n  ga i ning a c c es s  t o  t h e  r es o urces 
cho s en f o r  exp l o i t a t ion? 

( 5 )  mill t is t h e  l ikely art icula t ion b e tween the segm en t  of t h e  
sub s i s t e nc e s y s t em man i f e s t  in t h e  s t udy area and t h e  ov era l l  
suhs is t enc e s y s t ems o f  t h e  par t i c i p a t ing cul t u r e s ?  

St a t i s ti c a l l y  s i g n i f i c a n t  d a t a  samp l e s  \v L l l  b e  col l e c t ed randomly f r om 
u n it i z ed g r i d s  w i t h in 3 groups o f  ident i f ie d  archeo log i c a l  s i t e s  
( A t t achmen t 4 p 1 2 ) . Ar t i f ac t s  will b e  c o l l e c t ed a t  the sur fac e and 

by con t ro l led excava t io n  s u p p l emen t ed b y  t e s t  h o l e s . Tn ad d it ion , 
r e p r e s e n t a t i ves s o i l  s amp l es \V i I I  b e  t aken . D a t a  on h i s t o r i c  s i t e s  
w i l l  b e co l l ec t ed f rom o f f icial  reco rd s , i n t e rv i ews , pho t o g raph s , and 
a r cheo l o g i c a l  ma p s . 

2 
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The m i t i ga t i o n  p rogram p rovides f o r  a d e q u a t e r e s o u c es to f u l l y  imp leme n t  
t h e  d a t a  recov e r y  e f f or t (At t a c hmen t 4 ,  p 1 4 -l 9 ) . 

Comp l e t e  re c o r d s  o f  r e c o v e r e d  d a t a H i l l  b e  t aken and main t a j �ed . The 
r e co rd s  w i l l be pub l i shed in red u c ed f o rm a s  p a r t  of the program ' s  f in a l  
repor t .  T h e  r e p o r t  w i l l  b e  d is t r ibu t ed to the SHPO , t h e  Ke e p e r  o f  t h e  
Na t io na l  Regi s t e r  o f  H i s t or ic P l ac e s , the interes t ed s c i en t i f i c  c ommu ni ty , 
and the pub l ic . 

The m i t iga t io n  p r o g ram has b e e n  d e s igned with s u f f ic ien t f l e � ib i l i ty t o  
enab l e  unexp e c t ed s ig n i f ican t f ind s to b e  recovered i f  t h e y  a r e  
encou n t er ed . 

3 .  The f inal r e p o r t w i l l  b e  s ubmi t t ed i n  Augu s t  1 980 . 

4 .  Ma t e r i a l  recov e r ed d u r i n g  t h e  mi t i g a t i o n  p rogram w i l l  archi e v ed and 
p r e s e rved f o r  pos s ib l e  exh ib i t ion or f u r ther s c ien t i f ic inve s t i gat ions 
a t  the Maxwell Mu s eum of Anthro plogy , U n ivers i ty of New Nexico . 

s .  Doc umen t a t io n  o f  the cond i t io ns and s i gnif icanc e o f  t h e  GDPP s i t e 
a f t e r  d a t a  rec ov ery w i l l  be p rov ided t o  the SHP O wi thin one mo n th 
a f t e r  the c o mp l e t i o n  o f  f i eld work . 

Re f er enc es . 

1 .  Mo o r e , James L .  e t  a I , "An I nv e s t i g a t i on i n to High Al t i t u d e  \dap t a t ion , 
t h e  Bac a  Geo t h ermal Pro j e c t , "  U n ive r s i t y  o f  N ew Mex ico , O c t o � e r  4 ,  1 97 8 .  

2 .  Hear in� o n  Dr a f t  Env i ronme n t a l  Imp ac t  S t a t emen t -- G eo t h e rma L 
D emon s t r a t i o n  Program , Bac a  Ranc h , Sandoval and Rio Arr iba C·)unt i es , 
New Mexico -- Be f o r e  Al l Indian P u e b l o  Counc il , Trans c r ip t  o f  
P ro c eeding s , Au gu s t  1 6 ,  19 7 9 . 
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1522 K Street Nw. 
\\Qh1Dstoa D.C. 
20005 

Septeabar 25, 1979 

Mr \ Arthur C. Wilbur 
. Project Manager 
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�otherul Deao1l.tratioll Pover ·Plant 
Proj ect· Office 

. Department-- ·Of Energy 
Plaza

' del \.$01 · Building·, Room - 712 
600 Secoud Street ,  N.W. 
Albuquerque, New Mexico 87102 

Dear Kr .  Wilbur : 

On Augus t 20, 1979 . s upplemented by 'additiona1 information 
on September 1 1 ,  1 9 1 9 ,  the Council received your determination 
that cOlUtruction 0.£ a Geo thermal Power Plant , Rio Arriba and 
Sandoval Counties . New Mexico , would' Dot adversely affect th e  
Baca Ranch Archeolog ical Di stric t ,  properties eligible f o r  the 
Na tional Register o f  Historic Place, . In accordance with 
Section 8 00. 6 (a )  of the Council ' s  regulations (36 CFR Part 600) , 
the Execu tive Director does not obj ect to your de termination . 

As provided in Section 800 . 9 of the Counci l ' s  regulations , a 
copy of your determinat ion o f  no adverse effect , along with 
supporting documenta tion and this concurrence . should b e  
included i n  any a s ses�nt or sta tement prepared for thi s  
undertaking in compliance wi th the National EnVironmental Policy 
Act and should be kep t in the Department of Energy ' s  reeords 
as evid ence of compl iance with Seetion 106 of the National 
His toric Preservation Ac t and the CounCil ' s  regulations . 

Thank you for your cooperation . 

S in cerely , 

Lout S .  Wa ll 
Chief , Wes tern Division 

o f  Proj ec t Review 





App endix F 

APPROVED MIT IGAT ION PLANS FOR EFFECT S  ON 

RARE AND ENDANGERED S PEC IES 





Dr . John Hu h b a r d  
new l1ta..x i eo De p a r tmen t 

o f  Came and Fish 
Enuange red S p e e i e �  r rogrAm 

Vi l lngra Building 
San ta Fe . IDt 8 7 5 8 3  

Doar Dr . HuLba rd : 
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'ebruary 20 . l q 79 

Subj e e t : Jemc:r: No u:l l " ill f4 S a lllltll\nuer }T1 t i gA tion Ph.n 

Th l �  l e t t e r  d {' s e r f l ,, " ftJ " H c  �f'!rv l c f'  r.orlp nny o f  �l!'", 1 'e x f co ! 1l  (Pr:!f) 
p ro po " o d  Dl i t inAt ioll r I n n  fo r t he JE'm(>r. Houn tlllnfl  f1 11 b rut\nrl e r  ( P le thodon 
n eotlc�icn nu�) lI l o n p,  t h e  p roposed f, o !": a r,('o t h eo rT'"" l. t rn n rrl" l s R J on ro u t o . and 
within the  p la n t  � i t. c  Il r p a .  The m it i g n t ion p llln i s  1\ rE'.fiult of our 
January 9 .  1 9 7 9 .  � e � t inR . 

�fi t tg a t ion will be drne on 11.11 con s t ruc t ion l"c. t :1 v i t y  4r�aa r this includes : 
t h@ t r�n8m i A 8 io n  l in� . � C C � S A  roa d s  in and o u t  o f  t h p.  

RC'W , t h e  gQncrat ing r lant n ren , a ssociated s t r u c l un-o , and parkif1� 
lot . 

The mi t i g a t io n  p lR n  i r.  fiB fol1oWA I 

1 .  r :r. r  tl U l  r 'l r. :p l � t c lv lIVO!':! t l, 0.  t �T "  J.n r ,'l.' . .  l, t v  ('I f  t h e  J r ., :'! !':  
HOl l11 t Btn$ r.n llUnnndnr . The t y p e  l ')Cll .U t y  i n  i n  thc Cl1 s t  

one'-ha l f  o f  s �c t:f on 3 ,  t OlmRldp 1 8  n o r t h .  r :l !"l r, f'  " C :ls t . 

2 .  Prm w i l l  �void a reas of den s e  p o p u ln t in n t , i f  p C B o i h l � . 

1 .  tnw r c  nvn f. , 1. 1r1cC" i s  n o t  pn�1 � 1 1 ' 1 f' . r U' c n n '> l: ruc t ion r01'lOv,q l 

and r (l lo r. n t  t on o f  t h p.  Anl :1T:lllnci f' r s  I d . t ldn t h (l  p ror o <J r �  
t rAns� l n � lon ro ute Rnd p l�n t 8 i t �  nre�8  �o uld  be p � r for�ed 
by nm b f clogis t s . Thos e  l1 8 1ft!11l1nd p.rA .., r (, " � n t  on the 
. ur t ftc� o r  cnde r  rocks and 1089 would b e  removed th� day 
b e fore b l n.eJing o t  t h� rOlld an'" B t nf r t l l r ('  1.'1 n (1 1 n p  lH- (, !,\ � . 
Th ey 'IoIou 1 ,1 then be IOOv�rI t o  !'Itl it- t' l' l �  "I r ,., rh· 1 , , �' l f .'l t .  T t  
f A  potl8ihl a , d u e  t o  1Bck o f  r a i n  o r  1(\1� t�p e nl t ure . ,  

t ha t  no 'H l ll! mender. wou ld h o  8 c t lv� t ht'! dov o r:  t I l '"  
r emove1 p ro g ram. In �uch cftoe , no r��vul mit l� a t ion 
�o uld 1-- ,.. F r' r f r-rrnc.l . 
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Dr . J ohn Hubbard - 2- Feb ruary 20 ,  1 9 79 

I hope thi 8 mit i g a t ion p lan is a c c £p t a b h . I f  you s pp ro'/o of thh 
p lan , would y o u  p l�a8e ind i c a te  8 0  i n  a le t t e r .  A �opy of yo ur 

let t ar ,  a long with the m i t i g a t ion p lan , will b_ .ent to n.k Rid,
National Laboratories for EIS purpos@ 8 .  

Thank you for your cooperat ion .  

WRP t av 
c c :  Hs . L . B t' r g c r ,  Union 01 1 
b c c : Mr . W .  E c k l e s  

Nr . D .  E ;  H i n e s  
Hr . E .  D .  Ki s t  
Hr . J .  D .  r Ill tid o x  
M r .  T .  H .  Po yn ihan 
Hr . A .  B .  Po dney 
Hr . D .  G .  S R b o  

• 

�;8 y n e  ! L  r l l 7.  
Env ir onmen tal S c l�n t i� t  
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JlUluary 22 , 1919 

B111 Ie s lj.c c B  
li'c r1 ta.ge froerw 

Derurt�unt or r.atura.1 nesourcea 
Vil l !4:rn nul lding 

Ctntc Cap! tol 
Ennta Ye t U7)03 

Lear ;� . l ll lil ac c s : 

'I1: 1 s  l tc-tter i s  to i nd i c at e  rni t i p;at i o n  1,ro c c �ure8 to ybu for the var i oull 

pl ant tlU!t ve cih c us a e d  1n our r..e e t i ut; of J o.nunry 5 .  197 9 .  TIle spec i e s  
o r  i n t e r e a t  i nc l ud e : 

Corr-us C sn �� en n i B  - - -�- - . - . - - - - - �. - . -. .  - . - -. 

L1 l 1 un  u.,�l)el l r:t urn  

I'3.l U G i tl  ;;ou1 0 1  . - _ .  - - _0 . .  _ .  __ _ _ . •  

vt��� p����it:��� 
f,B you T..no\." . Publi c Service Cor!])lU1Y of "i'cv l-'& x 1 c o  h i n the I" l a n n i ult 

G t nr,ee tor a t rnns�i S 8 i on l i ne from the Baca Ce o t h e � �  r�oj ect  to Los 
Ale.n;os • .  ?hi s l i ne la L e i n" 'Pl ann e d  i n  con j uncti on \li th t�e U . fl . ror est 

�ervi c e  ane! t�Q �iat 1 on l:l..l Pe.rk 6orvi c e . �,'e hope to d e v e lop So corridor 

,,-:-.i ch vi I I  'hI! ncc cl't ohle to all pe.rt ics . \,"1  t h i n  th i o  corri dor the eventual 
t r Rn � c1 s s ioD l i ne vi l l  PC o itu&ted . 

Putl i c  Se rv i c e  COltlpH.ny of ;;(' V F<tx i c o  gC!lt:r flll,y t. rl t'f, to h I l a  .... ruT B ale 
fre �J.ou of nlOVe.I!leIlt or the t rt:l.D8l'li u 10n l i ne v i t h i n  a c c r r i d.or t o  avo i l!  

i��nc t8 t o  s i £ni ri c a�t port i on s  o f  the envi ronm e nt ( 1 � . vlau� , ar cheolog i c al , 

or b l o t i o  rellOUrO(-s ) .  
�o �7CrOO � ,  bas i c &lly . to avo l U  tho popul a t i on s  or th� atove n�1ed pl nnt 
8;Jec 1 e s  vhcr.evtl:- p'J 3 s 1 ble . I f  c ('-'rl ete nvc i c..f'1. ncc 1e not poo s l'h l e  th�n ve 
p ropo s e  ta noU fy your o t ri c c  8 0  �hat oth e r  r.:1 t l C:lt i ng  ne:uurelE lJ� be 
d h cuB lled . 
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}!r . B i l l  I S S a.c C 8  -2- Jnnuary 22 , 1979 

If th i n  propo s a.l i G  acceptable to your o f fice , I '.Iould appr ec i at e  rt!ce iving 
your concurrence 1n vritlng nt your pO G 3 1bl� c onvE;ll l enc e . If' t here o.re 
Q.ueotlolllJ relating to the propo sal , pleo.�e noti ry X'lC at onc e . 

DS :kh 
c c :  L .  

,; . 
D .  
E .  
J .  
'1' • 

A .  

Barger-Uni on 
F.ckles 
Hines 
Kht 
l :ttddox 
noynihan 
Ro:!n ey 

Yours truly , 

r li/� 
D�ve Sabo 
Envi ror�ente1 CoorJ.l nator 
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STATE OF N EW M EXICO 

N ATU RAL R E SO U R C E S  D E PARTM E NT 

ADMIN ISTRATIVE SERVICES DIVISION 

BRUCE KING 

GOVERNOR 

WILUAM S. HUEY 

SECRETARY 

OF NATURAL RESOURCES 

VILLAGRA BLDG. SANTA FE 87503 
PHONE 505-827-5231 
JIM KING DIREC TOR 

Fe b ru a ry 1 3 ,  1 9 79  

M r .  D av i d  S a bo 
P u b l i c  S e rv i ce C omp a n y  o f  N ew M e x i co 
P .  O .  Box 2 2 6 7  
A l b u q u e r q u e , New M e x i co 8 7 1 0 3 
D e a r Da v i d :  

T h e  p l a n t s  t h a t  y o u  men t i on e d  a re t h e  o n e s  o f  p r i n c i p a l  c o n c e r n  t o  u s  
h e r e . T h o s e  a re M a l a x i s s ou l e i , V i o l a  p ed a t i f i d a ,  Co r n u s  c a n a de n s i s ,  
a n d  L i l i um p h i l a d e l p�c u m  v a r .  a n d i n u m .  A l s o ,  i n  reg i on s  whe re t h e r e 
i s  a s t r e a m , you s h o u l d  l ook f o r  � p i E��� .9��Lan t e a . F i n a l l y ,  i n  t h e  
v i c i n i t y o f  Los A l amos C a l oc h o r t u s  n u t t a l l i i doe s l o ca l l y  o c c u r a s  we i I .  
I n  t h e  c a s e  o f  t h e  M a l a x i s ,  I h a v e  �o u n d  i t  t o  b e  d i f f i c u l t  t o  l oc a t e  
u n t i l  t he s u mme r ra i n s come . T h e  L i  I i um a p pe a r s  t o  come u p  i n  l a t e  
M a y  a t  t h e  e a r l  i e s t . 

Re c en t l y ,  Te r ra l e n e  Foxx l oca t e d a " ra r e "  p l a n t  i n  B a n d e l i e r Na t i on a l 
Mon u me n t a n d  you m i g h t  w i s h  t o  c h e c k  w i t h  h e r on j u s t  wh a t  i t  wa s t h a t  
s h e fou n d . 

T h e  f i r s t  f i v e s p e c i e s men t i on e d  i n  t h e l e t t e r  a r e o f  i mpo r t a n c e  t o  u s  
wh i l e t he C a l oc h o r � u s  ou g h t  t o  b e  a vo i d e d  i f  p o s s i b l e ,  b u t  c a n n o t  b e  
co n s i d e r e d  a s  ra re . 

T h a n k  yo u  fo r you r ef fo r t s  t o  commu n i c a t e  w i t h  u s  o n  t h e s e  ma t t e r s . We 
a p p r e c i a t e  y o u r i n t e r e s t  a n d  c o n c e rn . 

S i n c e r e l y , 

B i l l  F .  I s a a c s , P ro g r a m  C oo r d i n a t o r  
N e w  M e x i co S t a t e  H e r i t a g e  P ro g ram 

B F  I :  1 m  

, 
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seCRETARY 

OF NATURAl RESOURCES 
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STATE O F  N EW MEXICO 

N ATU RAL R E SO U RC E S  D E PARTM E N T  

ADMINISTRA liVE SE RVICES DIVISION 
VILLAGRA BLDG. SANTA FE 87503 
PHONE 505-827-5231 
JIM KING D IRECTOR 

F e b r u a ry 1 5 ,  1 9 79  
M r .  D a v i d  S a bo 
P u b l i c  S e rv i c e Compa n y  o f  N ew M e x i co 
P .  O .  Box 2 2 6 7  
A l b u q u e r q u e , New M e x i co 8 7 1 03 
D e a r Da v i d :  

A f t e r r e v i ew i n g y o u r r e c e n t l e t t er t o  u s  con c e r n i n g m i t i g a t i on f o r  
r a r e  p l a n t  i n  t he B a c a  G e o t h e rma l d e v e l opme n t  a re a  a n d  E l e c t r i c  
T r a n s m i s s i on C o r r i do r , I f e e l  you r p l a n i s  e n t i r e l y  a d e q u a t e . I n  
my l e t t e r  o f  F e b r u a ry 1 3 ,  I o u t l i n e d  t h e  s pe c i e s t h a t  a r e o f  c o n ce r n  
t o  u s . 

I s h a l l re i t e ra t e  t h i s  l i s t  a s  we l l  a s  i n c l u d e  t h e  o n e  f e d e ra l l y  
I i s t e d  s p ec i e s .  T h e s e  a re :  

1 )  P e d i oc a c t u �  p a p y r a c a n t h u s  - F e d e ra l l y  I i s t e d  a s  t h r e a t e n e d  

2 )  ��_�!��� �� u l e i  - S t a t e ra re s pe c i e s 

3 )  y�::.I_,:,. ��.�� t i f i d a - S t a t e  r a r e  s p e c i e s 

6 )  E p i p a c t i s  g i 9 a n t e a  - S t a t e ra r e  s p e c i e s 

t) Ca l oc h o r t u s  n u t t a l l  i i  - L o c a l l y  r a r e  a n d  wo r t h y o f  co n s i d e r a t i on 

e x p e c t  t h a t you w i l I b e  s u r v e y i n g s e n s i t i ve a re a s  i n  r e g a r d  t o  t h e s e 
t ax a  a n d  ... l i l l  i n fo r m  u s  a s  t o  you r f i n d i n g s . I a n t i c i p a t e h a v i n g a 
c omp u t e r  p r i n t o u t  a va i l a b l e  's ho r t l y  w i t h  t h e k n own l oc a t i on s  o f  t he s e  
t a xa w i t h i n  t h i s  a re a . 

T h a n k  you fo r you r coope ra t i on .  

B i l l  F .  I s a a c s , P r o g r a m  C oo r d i n a t o r  
New M e x i co S t a t e  He r i t a g e  P rog r a m  
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• 
S i nc e r e l y ,  

/ / / - . ' . ' ��.� .. . <,�. . ':;;Z;;�4--, H a  r o  I d F .  O l s o n  
D i r e c t o r  
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El1ERGENCY ACC I D E NTAL S P  I LLS & D I SCllARGES 

CONTROL P ROCEDURES 

Bac a Geotherma l Pro j ec t  - Sandova l County , New Mex ico 

I .  I n trod uc tion 

The Baca Geoth erma l Pro j ec t  i s  l o c a ted approx ima te ly 2 5  mi l es 

w e s t  o f  Los Alamo s and 5 5  mi l e s nor th o f  Albuqu erque i n  North 

Centra l N ew Mexico , i n  the spar sely popu l a ted J eme z }iountai �s . 

The country s id e  i s  u s ed for geo the rma l e l ec t r i c a l  power gener-

a t ion , for c a t t l e  graz ing , wa ters hed and [or hunting Nume :::--

ous creeks l a c e  the h i l l s id e s , inc luding Redondo , S u l phu r , 

San Antonio , San Luis , Ja rami l lo , and La Jara C r e eks . 

I I . Regul a t ions - S ta te o f  New Mexico Oil  Con s ervation C omm i s s i o n  

Ru le 1 1 7 . N o t i f icat ion o f  F i re , Breaks , Leaks , S pi l l s  and 

B lowou t s . 

The Commi s s ion s ha l l  b e  noti f ied o f  any f i re , b r eak , l eak , 

s p i l l  o r  b lowout occurr i ng a t  any geo the rma l d r i l l i n g , pro 

duc ing , tra nsport ing , treating , d i sposa l , or u t i l i z at i on 

fac i l i ty i n  the S tate o f  New Mexico by the person opera t ing 

or con tro l l ing s u ch f ac i l i ty .  

" F ac i l i ty " , for  the purpo s e  o f  this ru l e , s ha l l  i nc l ud e any 

geo therma l d r i l l ing , prod u c ing , i n j ec t ion , or d i s po s a l  we l l ;  

any p ipe line  through w h i c h  geo therma l r e sour c e s  o r  the waste 

produc t s  thereof are ga thored or  transpor ted ; any tank or  

o ther s torage uni t in to wh ich geo thermal produc t s , water s , 

or wa stes  are  produced , received , o r  s to r ed i any . tre a t i n g  



Eme r g ency �cc identa l S p i l l s  & 
Discharge s  C o n t r o l  Proc ed u r e s  

G-4 

P a g e  2 

plan t in which g eo thermal r e sources are t r e a t ed o r  proc e s sec ; 

any e l e c tr i c a l  generating plant in which g e o thermal resourCES  

are u t i l i z ed ; and any dri l l i ng p i t , s lu s h  pi t ,  o r  s torage pit 

or pond a s s o c i a ted w i th geo therma l d r i l l i n g , produc i n g , tre�t-

ing , or  u t i l i za tion proc e s s e s  in Wll ich hydroc arbons o r  hydrc-

carbon wa s t e  or  r e s idue , s a l t  wa ter , s trong c a u s t i c s  o r  ac ics , 

or o ther d e l eterious chemic a l s  o r  harm f u l  s u b s t a n c e s  are pr E-

sent . 

Noti f i c a ti on to the Commi s s ion o f  s uc h  f i r e , break , leak , 

spil l ,  or blowout shall  be in  accordance wi th the prov i s ions 

set  f o r th be low : 

A .  We l l  Blowou ts . No t i f ic a tion o f  we l l  b l owou t s  and/or 

f ir e s  s ha l l  be  " immed i a te no t i f i c a t i o n "  d e s c r ib ed be low . 

B .  "Maj o r "  Breaks , S p i l l s , o r  Leaks . No t i f i c a tion o f  

breaks , spills , o r  l e aks o f  we llhe ad s , pi p,e l i n e s , o r  

tanks , o r  dri l l in g  pi ts , s lu s h  pits , o r  s to r a g e  p i t s  

or ponds , the r e s u l t  o f  which 5 0  barre l s  o r  m o r e  o f  

l iquids contain ing hydrocarbons o r  hydrocarbon wa s te s , 

s alt wa ter , s tron g c au s tics  o r  s tron g  ac ids , o r  o ther 

d e l e terious subs tanc e s  reach a wat e r  c o u r s e  o r  enter 

a s tr e am o r  l ake , o r  in which noxio u s  ga.ses e s c ape or 

any qua n t i ty of f luids are los t whi c h  may w i th reasonable 

probab i l i ty endanger human heal th or  r e s ul t in subs tan-

tial d amage to proper ty , sha l l  be  " immed i a t e  -no t i f ic a -
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c .  " l1inor " Breaks , S p i l l s , o r  Leak s . No t i f i c a t i on o f  

breaks , spi l l s , o r  l eaks o f  we l lhead s , pipe l i ne s , o r  

tanks , or d r i l l i ng pi ts , s l ush p i t s , o r  s torage  p i t s  

o r  pond s , the r e s u l t  o f  which 2 5  barre l s  o r  more b u t  

less  than 5 0  barre l s  o f  l iquids containing  hyd ro-

carbons o r  hydroca rbon wa s te s , salt  wate r , s trong 

cau s t i c s  or s trong acids , o r  othe r d e l e t e r i o u s  s ub -

s tanc e s  a r e  l o s t  or i n  which noxious g a s e s  e s c ap e , 

but i n  \vh ich there i s  no dan g er to human he a l th nor 

o f  s ub s tan t i a l  dama g e  to property sha l l  be " su b s equent 

not i c e  " described be 1m", • 

D .  F i r e s . Noti fic a t ion o f  f i r e s  a t  geothe rma l i n s t a l l a -

t i o n s  i n  which there i s  reasonable probab i l i ty o f  

danger to human hea l th or substantial d amag e  t o  

adj o in ing properti e s  or s ub s tantial los s o f  g eotherma l 

resources sha l l  be  " immed i ate notice " d e s c r ibed be low . 

No t i f ic a tion o f  f ir e s  o f  l e s s e r  magni tude but o f  $ 5 0 0 . 0 0 

or mor e  o f  property d amag e  o r  $ 5 0 0 . 0 0 o r  more o f  

geotherma l resources l o s s  sha l l  b e  " sub s equent notice " 

describ ed be low . 

I Ht-1ED I AT E  NOT I F I CAT I O N  - " Immediate Noti f i c a tion " sha l l  

be a s  soon a s  po s s i b l e  a f ter d i scovery a nd s ha l l  b e  in 

person or by tel ephone to the Santa Fe o f f ic e  o r  the 

neares t d i s tric t o f f i c e  of the Commi s s ion if the 
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I f  the i nc id e n t  

occurs  a f ter bus ine s s  hou r s , n o t i f ic a tion sha l l  b e  i n  

accordance w i th th e l a t e s t  Commi s s ion memo randum o n  

t h e  subj ect . A comp l e t e w r i t t e n  report o f  the i n c ident 

shal l b e  submi tted to the S a nta F e  o f fi c e  of  the 

Commi s s ion within ten day s a f te r  d i s covery of the i n c i -

d e n t . 

S U B S EQ U E N T  NOT I F ICAT I O N  - " S u b s equ e n t  No ti f i ca ti o n " 

s h a l l  b e  a complete wr i tt e n  r epor t  o f  the i nciden t 

and shal l be submi tted to the S a n ta F e  o f f ic e  o f  the 

Commi s s i on wi thin ten d ays a f ter d i s c overy of the 

i n c i d e n t . 

CONTENT OF N OT I F I C AT I ON - Al l report s  o f  f ir e s , b r e aks , 

s pi l l s , l eaks , o r  bl owou t s , whether verbal o r  wr i t te n , 

shall id entify  the location  o f  the i nc i dent by quarter-

quarte r , Sec t ion , Township , and  Rang e ,  and  by dis tance 

and direc t ion from the n e ar e s t  town o r  promin e n t  l and� 

mark s o  that the exact s i te of the i nc id e n t  can be 

r e ad i ly located on the ground . The repo r t  shal l 

s pe c i fy the n a tur e and quan t i ty o f  the l o s s  and a l so 

the g e n e r a l  cond i t i ons prevai l i ng i n  the area , inc l uding  

pr e c i p i t a tion , temperatu r e , and s o i l  cond i t ion s . The 

r epor t shall a l so d e t a i l  the me asures that have been tak e r  

a n d  are being t a k e n  to r emedy t h e  s i tuation �epo r ted , 
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W�TE RC O U RS E ,  for the purpo s e  o f  th i s  rul e , i s  d e f i ned 

as  any lake-bed or g u l l y , draw , s t r e am-bed , wash , 

arroyo , o r  n a tural o r  manmade chan n e l through which 

wa ter f lows o r  has f l owed . 

I I I . Poten t i a l  Lo c a t i o n s  Where D i s c h a r g e  I nc iden t s  M i ght Oc c u r 

A .  Produced Iva te r  and Conde n s a t e  - The prod uced l i q u i d s  

a r e  c o l l e c t e d  i n  po nd s a n d  tran s f er r ed b y  p i pe l in e  to 

i n j ec tion we l l s  which conduc t the f l u id back to the 

produc i n g  fo rmation . Poten t i a l  l o c a t ion s for  a c c i -

dental spi l l s  a r e : 

1 .  Mu f f l e r  pond s . 

2 .  Wa t e r  d i s po s a l  pond s . 

3 .  P ip e l i n e s  

4 .  I n j e c t ion wel lhe ads . 

B .  Dri l l i ng Mud s - Muds are  a mix ture o f  wat�r ,  c hemi c a l s , 

and s o l i d  p a r t i c l e s  u s ed i n  d r i l l i n g  operations t o  

lubric aLe a n d  cool the b i t  i n  t h e  ho l e  a n d  t o  c a r ry 

c u t t i n g s  o u t  o f  the ho l e . D r i l l i n g  muds a r e  s to r ed in 

sumps a t  the d r i l l i ng  location s .  The s e sumps are open 

and are  adequately si z ed to ho ld the vo lume nec e s sary 

for the operation . Poten t i a l  c i r c um s t an c e s  o f  d i scharge  

are min imal , but  cou l d  oc cur by : 

1 .  Sump ove r f low . 

2 .  Sump w al l  s e epage or wa l l  breakdown . 



Emergency Ac c id e n t a l  Sp i l l s  & 
Disc h a r g e s  Control P roced u r e s  

G-8 

� �  Mud d i s charge from e l s ewhe re on location . 

Page 6 

� �  sha l low l o s t  c i r c u l a t i o n  channe l i n g  to s u r f a c e . 

C .  Lub r i c a t ing or fue l o i l s  and pe tro l e um prod u c t s  - A 

d i s charge o f  this type wou l d  probab ly be  very sma l l  

�nd f rom equ ipment u s ed i n  the f i e l d . P o t e n t i a l  

loca t i o n s  for acc idental s pi l l s  are : 

� �  D r i l l in g  equipment and machinery a t  and around 

gr i l l ing locations . 

� ,  O ther miscel laneous e q uipment and machin ery 

at we l l  s i tcs , o n  ro ads , or at g enerating plants 

and produc tion shops . 

D .  C o n s t r u c tion/ma intenance deb r i s  - Minor cons ideration , 

usua l ly able  to be c l e a n ed u p  on  the j ob .  Potential  

loc a t i o n s  are the s ame a s  f o r  lubr i cating  o r  fuel  oils  

Cc ) , above . 

IV , Po s s ib l e  Water Qua l i ty A f f e c ts , Redo ndo Creek and Others 

A ,  Cond e n s a t e  o r  dril l in g  muds . 

1 .  Contaminate water po s s ibly maki n g  � t  u n s u i table 

for human or wi ldl i f e  c o n s umption . 

2 .  P o s s ib le de trimental  a f f e c t  to f lora o f  are a . 

3 .  I nc r e a s e  turbidity o f  watcr by par t icu l ates  in 

f l u id or by soil eros i o n . 

B .  Pe tro l e um produc ts . 

1 .  C o n taminate water . 

2 .  Cover w i ld l i fe and p l an t  l i fe . 
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4 .  s ha l l ow l o s t  c irculation channe l i ng to s u r f ac e . 

C .  Lubr i c a ting o r ' fuel o i l s  and p e tro l e um produ c t s  - A 

�i scharge o f  this type wou l d  probab ly be very sma l l  

end from equipment u s ed in t h e  field . P o te n t i a l  

�Q9 at io n s  for accidental s pi l l s  are : 

! .  Dri lling eq uipment and machinery a t  and around 

Q r i l l i ng loca tions . 

2 ,  O ther mi s c e l l aneous equ ipmen t  a nd machinery 

a t  we l l  s it e s , o n  roads , o r  a t  generat i n g  plants 

and produc tion shops . 

D ,  Con s truction/maintenance d eb r i s  - Minor cons ideration , 

u�ual ly ab le to be c l eaned up on the j ob .  Potential 

loc ations  are the s ame as  for l ub r ic ating o r  fuel o i l s , 

( e ) , above . 

IV , Po s s ib l e  Water Qua l i ty A f f e c t s , Redondo Creek and O thers 

A ,  Condens ate or dril l i ng mud s . 

1 .  Con t aminate water po s s ibly making �t  u n s u �tab l e  

f o r  human o r  wi ld l i f e  c o n s umption . 

2 .  P o s s ib l e  de trimental a f fe c t  to f lora o f  a r e a , 

3 .  Increase turbidity o f  water by par ti c u l a te s  in 

f l uid or by soil e ro s i o n . 

B .  Pe tro l e um produc ts . 

1 .  Con taminate water . 

2 .  Cover wi ld l i fe and plant l i fe . 
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C .  Construction d eb r i s  - po s s ib ly inc r ea s e  turb id i ty . 

v .  P l an for C l ean-up and Ab a t eme nt 

I n  the  event o f  di sc har g e s  of  produced water cond en s a t e , 

d r i ll ing muds , petrol eum produc t s  or  cons truc t ion debr i s , 

the overa l l  contingency p l an for the Baca F i e l d , S a ndoval 

County , i s  as  fol lows : 

A .  The person re spon s i b l e  for the operation wi l l  make an 

immediate inv e s t i g a t ion , then c a l l  the Ar ea Man a g e r  

and advi se h i m  o f  s p i l l . The Area Manag e r  wi l l  in 

turn call o u t  company employees to man heavy equ i pmen t ,  

regulate f i e ld produc tion , o r  do o the� work a s  a pp l i -

c a b l e  for contro l a n d  c l ean-up o f  spi l l . I f  sp i l l  i s  

sma l l  ( i . e . , l e s s  than 2 5  barre l s ) and e a s i ly con-

tainab l e  wi thout endang e r i ng watershed , the A r e a  Manag er 

will direct and supervi s e  c omp l e te c lean-up and r eturn 

to normal operation s . 

B .  I f  spill  i s  l a r g er than 2 5  barre l s , or  i s  not e a s i ly 

conta ined , or  endangers  or  has entered water shed , the 

Are a  �1anager  w i l l  proc e ed to take n ec e s s a ry ac tion to 

c u r t a i l , contain and c l e an-up spi l l , and no t i fy per-

sonnel  a s  follows : 

1 .  Cal l o u t  company emp loye e s , a s  above , to man 

heavy equipme n t , r e g u l a t e  f ie l d  produc tion , etC . 

2 . Cal l Dis trict  Manag er and adv i s e  o f  spi l l . 
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3 .  Cal l c ontra c tors for cr ews and equipme n t , i f  

n e c e s sary . 

4 .  C a l l  contr a c t  vacuum truc k s . 

5 .  Advi se S ta te of  N ew Mexico O i l  Conservat ion 

Commi s s ion o f  spi l l  and work c l o s e ly w i th them 

in a l l  phas e s  o f  oper a t ion s . 

6 .  Spec i f i c  proc edure s : 

a .  For produced water and cond e n s a te : 

Contain s p i l l age w i th d ikes  i f  po s s ib l e . 

Haul to d i spo s a l  ive l l  by vacuum truck . 

b .  For dri l l ing muds ( c o n tac t Dr i l l i ng Forema n )  

Repa i r  sump or c o n t a i n  w i th d ike s . 

Haul liquid to ano ther s ump or  ava i l ab l e  tank 

or County approved d i spo s a l  s i te . 

Dry and s o l i d i fy o ther m a te r i a l , c ompac t and 

bury sol ids whe r e  po s s ibl e . 

c ,  For petro l e um produ c t s : 

Contain spi l l  with ava i l ab l e  manpower . 

U s e  absorbe n t s  and d i spo s e  o f  same i n  County 

approved areas , 

d .  Fo r cons truc t ion debris : 

Pick up or  o therwi s e  contain  and r emove to 

d i spo s a l  area . 

7 .  Have source o f  s p i l l  r ep a i r ed at  e ar l ie s t  prac tical  

time - re turn as  many U n ion Oil  employe e s  a s  pos s i b l e  
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to the i r  r e g u l a r  a s s ignm e n t s  to g e t  the f i e l d  back 

to n o rma l operations . 

8 .  conti nue wo rking contract c r ew s , equipment and 

vacuum trucks on  c lean-up u n t i l  a l l  concerned a g e n -

c i e s a r e  s a t i s f i ed . 

9 .  Adv i s e  a l l  Union o i l  emp l oy e e s  a nd outside  contract 

f oremen no t to  make any  s ta teme n t s  to the  pr e s s , 

par t i c u l a r l y  o f  a l iabi l i ty admi t ti n g  natur e . They 

s hould d i r ec t  Ehe press  t o  the Ar e a  Manag er , who 

w i l l  r e f e r  the pr e s s  to appropr i a te Company Publ i c  

Rel a ti o n s  per sonn e l . 

C .  Baca F ie l d  I n f orma tion : 

P er sonne l r e s pon s ib l e  for c arrying o u t  over a l l  con�in-

gency plans . 

Area Man a g e r  - Richard Engeb r e t s e n  5 0 5 - 8 9 7 - 1 7 7 6  
5 0 5 - 2 9 6 - 4 4 3 4  

1 .  F i e ld P e r sonnel : 

John Merheg e  - Produc t ion F o r eman 5 0 5 - 8 2 9 - 3 3 7 4  

Jos eph Bowen - Produ c t ion Operator 5 0 5 - 8 2 9 - 3 7 7 1  

2 .  All  Oth e r s  A s  N e eded : 

3 .  Un ion O i l  D i s tr ic t  Personn e l  N o t i f ic a t ion : Santa 

Ro s a , C a l i fornia D i s t r i c t  O f f ic e . During o f f ic e  

ho ur s , no t i fy one of the f o l lowing a t  7 0 7 - 5 4 2 - 9 5 4 3  

or , a f ter hours or on weekend s : 



G- 13 

Emergency �cc i d e n t a l  S p i l l s  & 
Discharg e s  Contro l P ro c e du r e s  

Pag e 1 0  

4 .  

s .  C .  L ipma n - D i s tr i c t  Manager -7 0 7 - 5 4 4 -7 6 0 J  

A .  J .  Cha s t e en - D i s t . Prod . Sup ' t .  - 7 0 7 - 8 2 3 - 4 4 6 2 

D .  Ash - D i s t .  Prod . S up ' t .  -7 0 7 - 5 3 9 - 9 3 1 � 

Reg u l a to r y  Agency No t i f ic a tion 

S ta t e  o f  N ew Hexico o i l  Cons ervation C omm i s s ion 

Santa Fe  O f f i c e  

B u s i n e s s  Ho u r s  8 2 7 - 2 5 3 3  

N ights  & We ekends 

C .  G .  U lvog 9 8 2 - 8 9 8 5  

D .  S .  Nutter 9 8 2- 0 7 5 7 

A z t e c  O f f i c e  

Bus ine s s  Hours 3 3 4 - 6 1 7 8  

N ights & \'leekend s 

A .  R .  Kendrick 3 3 4 - 2 5 5 5  

C .  C .  Gho l son 6 3 2 - 2 1 9 3  

N .  E .  Maxw e l l  Jr . 3 3 4 - 6 6 5 0  

Arte s i a O f f i c e  

B us ine s s  Hours 7 4 6 -4 8 6 1  

N ights  & Weeke nd s  

W .  A .  Gre s s e tt 7 4 6 - 4 1 6 6  

L .  A .  1-1ermi s 7 4 6 - 9 2 0 5  
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Hobbs O f f i c e  

B u s i n e s s  Hours  

N i ghts  & \\Te ekends 

J .  T .  S e x ton 

L .  A .  C l eme n t s  

N .  E .  C l e g g  

J .  W .  Runy an 

P a g e  1 1  

3 9 3 - 6 1 6 1  

3 9 2 - 5 8 7 4  

3 9 3 -8 3 4 8  

3 9 3 - 4 7 8 1  

3 9 2 - 5 6 9 6  

A l l  the above n u mb e r s  c a rry a 5 0 5  Ar e a  Code . 

5 .  F i e l d  equi pmen t ava i lab l e : 

Ca terpi l lar D - 9  Tractor 

C a t e rp i l l ar Mo tor Grader 

Ca.terpi l l a r  # 9 2 0  \\The e l  Load e r  

H y s ter L i f t  Truck 

Hys te r  Grid Ro l l er 

Kenwo r th 3 -a x l e  t r a c tor , 2 f l a tbed tra i l e r s  

, 9 3 0  Whee l  Load er & Backhoe 

Various 1/2 -Ton P ic kups 

6 .  Advi s e  l i ve s tock own e r s  o r  hunt ing.  c l ub s  i f  sp i l l  

a f f e c t s  cattle  or  property . 

7 .  O u t s i d e  con tra c to r s  for  c r ew s  and equipmen t ,  i f  

n ec e s s ary : 

C . J . C .  Cons truc tion - La. C ueva 

A l l e n  Cons tr uc tion Company - Farmin g to n  

8 .  Vac uum trucks . 
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S P I LL P REVENT I O : l  CONTHOL AND 

COUNTEru1EAS U R E  P LAN ( S P C C ) 

Baca Geothe rmal Pro j ec t  
Sandoval County , N . M .  

The Baca Geothermal F i eld i s  located approx ima tely 2 5  m i l e s  

we s t  o f  Lo s Alamo s a n d  5 5  mi l e s  north o f  Albuquerque in 

Nor th Central New Mexico , in the spa r s e l y  popu l a ted Jemez 

Mountains . Exhib i t  1 ( UOCe Dwg . No . 1 1 1 4 ) i s  a vi c i n i ty 

map showing the loca tion o f  the pro j ec t  r e l a t i ng to nearby 

town s and road s . Exhib i t  2 ( UOCe Dwg . No . 1 1 4 1 )  is a Bac a 

Geo the rma l Pro j ec t  Map . The coun try s i d e  i s  u s ed for geo-

therma l e lectrical power g eneration , for c a t t l e  graz ing , 

wa te rshed and for hun t i ng . Numerous c r eeks lac e the h i l l -

s ides , inc luding Redo ndo , S a n  Anton io , Sulphur , San Lui s ,. 

Jarami l l o and La Jara Creeks . 
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S PCC PLAN 

I I . POT E N T I AL S P I LLS AND �1 I T I GA T I O N S  

No crude oil is  hand led a t  the Baca Pro j ec t , though r e f i n ed 

petro l e um produc ts  ( fue l s , l ubricating o i l s , e tc . )  are s tored 

and used . F i e ld equ ipmen t and pe tro l eum s torage areas  wou ld 

be the poten tial locations for acci dental spi l l s . The s e  two 

are a s  are ad dressed below . 

A .  Field Eq u i pment - Po s s i b l e  S p i l l s  

1 .  Wa ter Di sposal  Pumps - Two water d i spo s a l  pumps and 

appur tenant fuel  s tora g e s  are u s ed for produc ed 

water d i s po s a l . One pump is s ta t ion ary , loca ted in 

the v i c i n i ty of the Baca We l l  No . 6 location . The 

second pump is skid moun ted and can be tran sported 

to wherever it i s  n eeded . Norma l ly it is a l so 

s ta tioned in  the vic i n i ty o f  Baca We l l  No . 6 .  No 

spi l l s  have occurred during the operation o f  these 

pumps to date . 

Po s s ible s p i l l s  from the s e  pumps could o r i g inate 

dur ing f i l ling -o f the fuel  tanks o r  �n the course 

o f  the pumps ' norma l operation . I n  each c a s e , the 

probab l e  cause of the spi l l  wou ld b e  operator e rror . 

Operator fami l i a r i ty wi th the pumps w i l l  reduce th e 

po s s ib i l i ty o f  any s pi l l  from the machine . The pumps 

are obs erved d a i ly by f i e l d operato r s  and are ma i n 

tained o n  a r e g u l ar bas i s  by trained mechan ic s . 

Proper c au tion exerc i s ed by per s o n n e l  f i l l ing the 

- 2 -
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tanks will reduce the po s s i bi l i ty of an accidental 

discharge during th i s  opera tion . 

The fuel tank for the s e  pumps i s  s i tuated and be rmed 

in such a manner as to take advantage o f  secondary 

containmen t  feature s  o f  the produc ed water ho lding 

ponds a t  tha t  location . Exhib i t  3 (UOCC Dwg . No . 

11 3 9 )  indicates the loc a t i on o f  the fuel s torage t ank 

and the s econdary con tainment features des igned i n to 

the loca tion . 

2 .  Dr i l ling Ac tiv i ty Fuel  S torage - P a r t  o f  the normal 

equ ipm2nt compl imen t  for each d r i l l i ng rig are fuel  

s torage tanks . Normal ly , t here are two 1 0 , 0 0 0  g a l lon 

and one 1 , 0 0 0  ga l lon skid-moun ted portab l e  tanks . 

The s e  tanks move w i th the dril l ing r ig to various 

l o cations througho u t  the pro j ec t . There may be  one 

to four d r i l l ing r�gs working in the pro j ec t  at any 

given time . 

As d i scus sed above , the mo s � l ikely c au s e  of an acc i 

dental d i scharg e would b e  human error . Comments a s  

above address  this probl em . 

Spi l l  inc idents could occur i f  f u e l  s torage f a c i l i 

t i e s  a r e  posi t ioned i n  natural d r a inag e areas , The r e 

fore , spec ial spi l l  prevention control measures 

u t i l i zed for the s e  fac i l i t i e s  inc l ude locatio n  grading 

- 3 -
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and p l ac ement o f  tanks . 

A d r i l l in g  was te d i s po s a l  s i te i s  c o n s truc ted a d j a 

c e n t  to each d r i l l i n g  l o c a tion . Three f e e t  o f  f r e e 

boa rd i s  ma intained a t  e a c h  s i te f o r  s p i l l  and p r e 

c i pi tation c o n t i n g e ncy . Thi s freeboard c a pa c i ty 

amo un t s  to approxima t e l y  2 0 , 0 0 0 f t 3 ( 1 5 0 , 0 0 0  g a l l o n s ) 

f o r  a sma l l  d i s po s a l  s i te , more for a l a r g e r  s i te . 

The tanks a r e  po s i ti oned on the l o ca t i on and the 

l o c a t i o n  is g r aded i n  s uc h  a man n e r  tha t a ny s p i l l a g e  

wi l l  run i n to t h e  d i s p o s a l  area . Berms a n d  d i tc h e s  

a r e  u t i l i z ed i n  s ome c a s e s  to . a s s u re tha t a n y  s p i l l a g e  

i s  c a p tu r ed and d i r e c te d  i n to the d i s p o s a l  s i t e . 

Exh i b i t  4 ( UOCO Dwg . No . 1 1 4 0 )  i s  a typ i c a l  d r i l l  

s i t e  l o c a t ion s how i n g  g e n e r a l  p r e c a u t i o n ary m e a s ur e s  

taken t o  contain a n y  s p i l l ed o i l . 

I t  wou l d  not be pr ac t i c a l  to addr e s s  the f a t e  o f  th e 

o i l  s p i l led f r om the s e  locations o n  a n  i n d i v i d u a l  

bas i s  due t o  t h e  many l o c a t ions a t  whi c h  d r i l l in g  

oper a t i o n s  have been o r  wi l l  b e  conduc t e d . I n  each 

ca s e , llowever , it s h a l l  be the r e s pons ib i l i ty of the 

pe r s o n n e l  in c ha r g e  of c o n s t r u c t i n g  the l o c a t i o n  to 

c o n s ider and mak e p roper eng i n e e r ing d e s i g n s  to pro 

v i d e  for s econdary c o n ta i nme n t .  

- 4 -
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B .  Pe tro leum S torage 

1 .  Fuel  Storage - a 6 , 0 0 0  gal lon gaso l ine s torage tank 

is loc ated in the proximity o f  the field o f f i c e  and 

s torage yard a t  the Mar sha l l ing Area . Th i s  tank 

serves a s  the f u e l  supply for pro j ec t  vehic l e s . 

po s s ib l e  s p i l l s  at  this location are mo s t  l i k e l y  to 

occur during the time o f  fuel tran s fers , e i ther 

during the f i l � i ng o f  the s torage tank o r  during 

the f i l l ing o f  individual vehic l e s . The probabl y  

cause o f  a po tential spi l l  would b e  opera tor error . 

Operator ' s  have been trained in proper f u e l  tran s 

ferring procedure s ,  a nd a r e  in  a t tendan c e  a t  a l l  

t ime s d u r ing the tran s f er , s o  the poten t i a l  magn i tude 

o f  any s p i l l  would b e  s l i ght . The rate of tran s fe r  

to indiv idual vehic l e s  i s  low , so any spi l l  d u r i n g  

this time c o u l d  b e  e a s i l y  s topped , contained , and 

c leaned up . 

A seco nd ary berm has been i n s ta l l ed around the fuel  

s torage tank to contain a ny spi l l s  in thi s area . 

Exhib i t  5 (UOCC Dwg . No , 1 1 3 8 ) shows th� tank and 

berm a � rangement . A d r a i n  l i ne w i t h  a manua l l y  

operated valve h a s  b e e n  incorpor ated i n t o  the d e s �gn 

o f  the s e condary containme n t  f e ature to drain o f f  

accumul ated wate r .  

- 5 -
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2 .  Lub r i c a t i n g  O i l  D r um S to r a g e  A r e a  - There i s  v e r y  

l i t t l e  lub r i ca t i n g  o i l d r um s to r a g e  o n  the Y r o j e c t .  

Where i t  o c c u r s , i t  u s u a l ly con s i s t s  o f  o n e  5 5  g a l 

lon d r um o n  a rack s upply ing o i l  t o  o n e  o r  a g r o u p  

o f  e n g i n e s . Any s p i l l  f r o m  th i s  s o u r c e  wo u l d  b e  

l imi ted to the c o n t e n t s  o f  t h e  d r um . 

A drum s to r a g e  a r e a  for wa s te o i l  and o th e r  c hem i c a l s 

h a s  been p r o v ided a t  the B a c a  We l l  No . 6 .  l o c a t i o n . 

I t  i s  b e rmed s o  that any s p i l l ag e  w i l l  r u n  i n to the 

prod uced water ho l d i n g  pond s . E x h ib i t  3 (UOCC Dwg . 

No . 1 1 3 9 ) s hows t h i s  area . 

-6 -
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I I I . O I L  S P I LL CONT I NGENCY PLAN 

The c o n t i n g e ncy p l a n  is broken down i n to f o ur s e c t i o n s : 

S e c t ion A e s tab l i she s some d e f i n i t i o n s  f o r  g u id an c e  i n  a 

s p i l l  s i tua t ion ; S e c t io n  B c o n t a i n s  rroc e d u r e s  f o r  the 

pe r s o n n e l involved i n  a s p i l l ; s ec t io n  C i s  the n o t i f i c a 

t io n  p r o c e d u r e s  t o  b e  f o l lowed i n  t h e  e ve n t  o f  a s p i l l ; 

S ec t io n  D i s  conta i nme n t  and c l eanup f o r  s pe c i f i c a l l y  

iden t i f i e d  area s . 

A .  D e f i n i t i o n s  

For t h i s  p l an a m i n o r  s p i l l  i s  l e s s  than 25 B b l . w i th 

no c hance o f  r e a c h i n g  a water c o u r s e .  A ma j o r s p i l l  

i s  2 5  B b l . o r  more an d/or a s p i l l  wh i c h  h a s  o r  c o u l d  

e n t e r  a w a t e r  cou r s e . Al l s p i l l s  i n  wh i c h  o i l  e n t e r s  

a w a t e r  c ou r s e  mu s t  be r epo r ted , r eg a rd l e s s  o f  vo l ume . 

A water cou r s e  s h a l l  be any f lowi n g  o r  s t and i n g  water , 

o r  any s e aso n a l l y  dry chan n e l  o r  bed whe r e  th e r e  c o u l d  

reasonab l y  b e  f l ow d u r i n g  f loodi n g . A d r i l l i ng s ump 

or produ c ed w a t e r  ho l d i n g  pond i s  n o t  a water c o u r s e . 

B .  P ro c ed u r e s  

The d e s i r ed c o u r s e  o f  ac t ion i n  s p i l l  i n c id e n t s  i s  

l i s te d  be low i n  d e s c end i n g  o rder o f  impo rtanc e .  Jud g e 

men t  mu s t  b e  exerc i s ed b y  p e r s o n n e l  i n v o l ve d  a s  to 

p rope r implemen t a t ion o f  the p l a n . 

1 .  C o n t r o l  a t  Sou r c e  o f  Sp i l l  - S imp l y  s ta ted ! i f  a 

s p i l l  i s  o c c ur r i n g , s hu t  i t  o f f  by a ny me a n s  
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ava i l ab l e . Thi s m i g h t  i n c lude s h u t t i n g  a va lve , 

s hu t t i n g  o f f  a pump , or p l u g g i n g  a l eak i n g  tank 

o r  a pp u r te n a n t  th e r e o f w i th a ra g ,  wooden bung , 

s & ck o f  g e l  or o t h e r  make s h i f t  d e v i c e s  n o rma l ly 

found aro und a proctuc i n g  o r  d r i l l i n g  o p e r a t i o n . 

2 .  C o n t a i nmen t o f  Sp i l l  - U s e  exped i e n c e  i n  i s o l a t i n g  

and c on t a i n i ng the s p i l l ed produ c t .  Mo s t  s pi l l s  

a r e  sma l l  and c a n  b e  e a s i l y c o n t a i n ed w i th h a n d  

too l s  w h i c h  are c a r r i ed o n  a l l  company t r u c k s  o r  

'
are l o c a ted i n  too l l o c k e r s  a t  the f i e ld o f f i c e  

comp l e x . P a l l e t i z ed s a nd bags a r e  s to r e d  i n  the 

f i e ld yard to aid in c o n t a i nmen t .  If the s p i l l  

c a n n o t  b e  c o n t a i ned w i t h  h a nd to o l s  o r  i f  s e condary 

c o n ta i nme n t  f ac i l i t i e s  a r e  i n  d ang e r  of fa i l i n g , 

l a r g e r  equ ipmen t  w i l l  b e  c a l l ed i n  a s  appropr i a t e . 

Thi s e q u i pment may i n c l ud e  backhoe s ,  f r 9 n t  l o a d er s , 

g r ad e r s  o r  b u l ldo z e r s  r e ad i ly ava i l ab l e  f rom l o c a l  

c o n tr a c to r s . 

3 . S e c u r e H e l p  - C a l l  t h e  immediate s u p er v i s o r  to s e c u r e  

h e l p  as s o o n  a s  po s s ib l e , depend i n g  o n  n a t u r e  and 

mag n i tude of s p i l l . Th i s  w i l l  t r i g g er imp l eme n t a 

t io n  o f  the o i l  s p i l l  c o n t i n g e n c y  p l a n . 

4 . Spi l l  C l e a n up - C l e a n u p  o p e r a t i o n s  s ho u ld b e  commenced 

a s  s o on as c on ta i n me n t  h a s  been p u t  i n to e f f e c t . 

C l eanup wi l l  d e p e nd o n  the na tur e o f  s p i l l  b u t  may 

- R -
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range from a: , :� Cl rbing s pi l l ed produc t w i th d i r t  a nd 

prope rly d i s po s in g  o f  di r t , to pick�ng up produ c t  

w i th sma l l  po r table pumps a nd empty drums , o r  u t i 

l i z i ng vacuum truck s .  o i l  that h a s  e n tered a wate r 

cou r s e  may be picked up w i t h  o l eophi l ic sorbent 

pads s to r ed a t  the f i e ld o f f ic e . 

5 .  Repa i r  o f  D amage and Return to Normal Operations  -

Upon comp l e t ion o f  c l eanup , the r e a son for  the 

spi l l  w i l l  be de termined , and r emed i a l  a c t io n  wi l l  

b e  taken t o  prevent future occurrenc e s . 

C .  No ti f ication 

1 .  Re s pon s i bi l i ti e s  o f  Field & Con trac t D r i l l in g  

Per sonnel - In the even t that o i l  sho u ld be acc i 

d e n t a l l y  d i scharged during any opera tion (dri l l ing 

or produc t io n }  i t  s ha l l  be the r e s pon s ib i l i ty o f  

the personnel i nvo lved t o  no t i f y  the i r  immed i at e  

superviso r . The s uperv i s o r  shal l i n  turn no t i f y  

the company Dr i l l i n g  Forema n r eg arding a dri l l i ng 

spi l l  or  the f i e l d  P roduc tion For eman in  c a s e  o f  

a produc tion spi l l . Exh i b i t  6 ( UOCC Dwg . No . 1 1 1 7 ) 

i s  a schemiJ. tic outl ine o f  the o i l  spi l l  no t i f i c a 

tion procedure . 

2 .  Respo n s ib i l i ties o f  Company D r i l l i ng Foreman - In  

the event of  a minor  s pi l l  the company Dril l i ng 

Foreman wi l l  d i rec t containment , c le a nup , a nd any 
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nece s s ary repai r s . I n  the event o f  a ma j or spi l l , 

the company D r i l l in g  Foreman wi l l  no ti fy the f i e ld 

P roduc tion For eman and then a s s i s t  h im i n  contain

men t ,  c l eanup and repairs . 

3 .  Re spon s i bi l i t i e s  o f  the Fi e l d  Produc t ion Foreman -

The f i e ld Produc t io n  Foreman sha l l  a s s e s s  the spi l l , 

and , i f  there e x i s t s  a chance tha t s p i l l ed o i l  has 

been or  could reasonably be d i s ch a r g ed to any natur a l  

water cours e ,  he sha l l  immediately no ti f y  t h e  Ar ea 

Manager or  o ther manageme n t  personnel in the order 

spec i f i ed in Sec tion I I I , C ,  5b , Eme r gency Noti f i 

c a t ion . The P roduc t ion Foreman ' s  n o t i f i c a t ion r e 

s pon s ib i l i ty s ha l l  be  d i s charged a f te r  the Area Man

ager has been no t i f i ed . 

I f  the sp i l l  i s  mlnor ( i . e .  l e s s  than 2 5  bbl . ) , ha s  

been contained , a n d  c anno t reach a n y  natural water 

cours e ,  the P roduc tion Foreman sha l l  d irec t and 

supervi s e  comp l e te c leanup and r e turn to normal 

opera tions w i thou t immed i a t e  noti f i ca tion o f  d i s 

t r i c t  l e v e l  per sonne l .  

I n  e i ther case  the f i e ld Produc tion Foreman sha l l  be  

the person immed i a tely charged wi th conta inmen t o f  

any s pi l l ed o i l . I n  thi s  capac i ty he  i s  a u thor i zed 

to : 
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a .  Cal l o u t  company employees to man heavy 

equ i pme n t , regulate  f ie l d  p roduc t io� , e tc . 

b .  Cal l con tractors for crews and con t ai nmen t  

and c l eanup equipme n t , i f  nec e s s ary . 

4 .  Respons ib i l i t i e s  o f  Ar e a  Manag e r  - Upon no t i f i c a -

tion b y  th e fo r eman , i t  sha l l  b e  the r espon s ib i l i ty 

o f  the Are a  Manag e r  to promptly no t i fy the EPA an d 

any othe r r e gu l a tory agenc i e s  a s  appl i c ab l e . F o r  

t h i s  purpo s e  a spec i a l  l i s t ing has  b e e n  comp i l ed 

under the head i n g  " Agency No t i f ic a tion . "  

5 .  Emergency No t i f i c a tions -

a .  In the c a s e  o f  any s pi l l ed o i l , the fol lowing 

sho u l d  be  n o t i f i ed imme d i a te l y : 

Are a  Manager � R .  O .  Engebretsen 
. 

O f f i c e  Tel ephon e  .... ( 5 0 S )  8 9 7 -1 7 7 6  

Re s id ence T e l e phone - ( 5 0 S )  2 9 6 - 4 4 3 4  

Produc tion Fo reman - John Merhege 

O f f ic e  T e l e phone - (5 0 S )  8 2 9 - 3 7 0 0  

Res idence T e l e phon e  - (5 0 S )  8 2 9 - 3 3 7 4  

Fie ld Operator - Jos eph P ,  Bowen 

O f f i c e  T e l e phone - ( 5 0 S )  8 2 9 - 3 7 0 0  

Re s idence T e l ephone - ( 5 0 5 )  8 2 9 - 3 7 7 1 
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b .  I f  the s e  perso n s  a r e  unav a i l ab l e , then the 

fol lowi ng l i s t  s hould be pursued in d e s c e n d i ng 

order unt i l  o n e  o f  the fol lowing i s  no t i f i ed : 

(Note : P e r s o n n e l  be low may be r e ached during 

normal work i ng hours at ( 7 0 7 ) 5 4 2 - 9 5 4 3 o r  a t  

the i r  home pho n e s  l i s ted be low a f ter hour s . 

Th e o f f ic e  phone above i s  mon i tored a f ter ho urs 

and on  weekends by an answe r i ng s ervice . The 

answeri n g s e r v i c e  is equipped wi th a U n io n  O i l  

Company radio . )  

A .  J . Cha s te en - D i s t .  P rod . S upt . 

D .  Ash - D i s t . Drlg . S upt . 

S .  C .  Lipman - D i s tr ic t  Manager 

( 7 0 7 )  8 2 3 - 4 4 6 2  

( 7 0 7 )  5 3 9 - 9 3 1 4  

( 7 0 7 ) 5 4 4 - 7 6 0 0  

D ,  Conta inmen t and C l e anup for S p e c i fica l l y  Iden t i f ied Ar e a s  -

Two areas have been  s pe c i f i c a l ly iden t i fied 'for c o n t a i n

me nt and c l eanup . The s e  areas are i nd i c a ted on Exhib i t  2 

(UOCC Dwg . No . 1 1 4 1 )  and are numbe red accordingly . The s e  

area s  a r e  whe re t h e  road c ro s s e s  Redondo Creek j us t  abov� 

Baca We l l  No . 1 2  loc a t ion and a t  the turn o f f  to the rock 

quarry approxima t e ly 3 / 4  mile be low Bac a We l l  No . 1 2  

loc a t ion . 

Any s p i l l  which en ters the watershed i n - Union ' s  c ur r e n t  

area o f  a c t ivi ty w i l l  even tua l l y  enter Redondo C r ee� . 

The points s e l ec ted for con tainment a nd c l e anup a r e  on 

- 1 2 -
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Redondo Creek , be low the ma j o r a c t i v i ty c e n ter , and are 

pla c e s  whe r e the creek f l ow h a s  been c o n f ined to a c u l 

vert cro s s ing under the road . 

A p lywood dam can ea s i ly be i n s ta l l e d  a t  the mo uth o f  

the s e  c u lverts and d e s i g n e d  t o  a l low water to flow 

through but to s k im o i l . The o i l  c a n  then be picked up 

with sma l l  por tab l e  pumps or o l eo ph i l i c sorbent pads 

s tored a t  the pro j e c t  for that purpo s e . 

IV . TRA I N I N G  OF P E RSONNEL IN S P I LL P REVEN T IO N  PROC EDU R E S  

Regular me e t ings are held during wh i c h  topi c s  of personnel 

s a fety , f i e ld ope rating pro c edur e s  a nd e n v i ronmental pro

tec tion are d i s c u s s ed with f i e l d  p e r s o n n e l .  

A copy o f  the eme rg ency noti f i c a t i o n s  and general s p i l l  

pro cedures i s  a va i l able to e a c h  employee who o p e r a t e s  i n  

the f i e l d  and who wou ld l ikely be i n vo l v ed in a s p i l l  s i tu

ation . The supe rvisor wo rking for the d r i l l i n g c o n t r ac tor 

is r equired t o  review the S PCC P l a n  and f ami l i a r i z e  h im s e l f 

with i t s  contents so that he w i l l  be ab l e  to a c t  promp t l y  

in a spil l s i tuation . 

Training s e s s io n s  are held to a c q u a i n t  the o p e r a t ion pers onne l 

with recent deve lopmen ts in po l l ution contro l  and s a fety a s  

w e l l  a s  improved ope ration proc edur e s . 

- 1 3 -
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Arte s i a  O f f i c e  

Bu s iness Hours 

Nights & Weekend s 

W .  A .  Gre s s e t t  

L .  A .  Mermi s 

Hobb s O f f i c e  

Bu sin es s  Ho ur s  

Nights & h'e ekend s 

J .  T .  Sex ton 

L .  A .  C lemen t s  

N .  E .  C l e g g  

J .  H .  Runyan 

G-31 

All the above numb e r s  c arry a 5 0 5  Area Cod e . 

7 4 6 - '1 8 6 1 

7 4 6 -'1 1 6 6  

7 4 6 - 9 2 0 5  

3 9 3 - 6 1 6 1  

3 9 2 - 5 8 7 4  

3 9 3 - 3 3 4 8  

3 9 3 - '1 7 8 1  

3 9 2 - 5 6 9 6  

3 . New Mex ico Envi ronme n t a l  Improveme nt Agency - Wa ter 

Quality Di v i s i on 

• P . O .  Box 2 3 4 8 , Room 5 1 8 , P . E . R . A .  B ldg . , 

Santa Fe , New Mexico 8 7 5 0 3  

Jo s eph P i e r c e  t5 0 5 )  8 2 7 - 3 2 8 6  

( 2 4  hours ) 

B .  C o n f i r a m t i o n  o f  V e r b a l  N o t i f i c a t i o n s  

Verbal no t i f ic a t io n  o f  spil l s  s h a l l  be con f i rmed by  the  

Are a Man ager in wri t ing wi thin two ( 2 ) we eks o f  i nc i J cn t . 

The con fi rmation r e po r t s  sha l l  conta in the f o l l ow i n g  

i,n fo r ma t ion : 

- 1 5 -
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V .  REGU LATO RY A G E NC Y  NOT I F ICAT I O N  

The d i s tr i c t  level per sonnel shall not i fy the fo l lowi n g  

agencies  immed i a tely in the eve n t  o f  any o i l  s p i l l  \-li th 

to tal vo l ume in exc e s s  o f  2 5  Bb l . , or any spi l l , regard-

l e s s  of  vo l ume , if  there ex i s t s  a chanc e tha t spi l l ed o i l  

has been , o r  could reasonably be , di scharged to any r u n -

ning or  d r y  w a t e r  c o u r s e . 

A .  Verbal N o t i f i c a tion 

1 .  Duty O f f i c e r , N a t ional Re sponse C en t er ( 8 0 0 )  4 2 4 - 8 8 0 2  
( 5 0 5 )  7 6 6 - 2 3 3 8  

2 .  S t a te o f  N e\-l nex ico O i l  Cons erva t io n  Comm i s s ion 

S anta Fe  O f f i c e  

B u s i ne s s  Hou r s  8 2 7 - 2 5 3 3  

Nights & \veekends 

C .  G .  U l vo g  9 8 2 - 8 9 8 5  

D .  S .  N ut ter 9 8 2 - 0 7 5 7 

Az tec O f f i c e  

B u s ines s Hou rs  3 3 4 - 6 1 7 8  

Nights & Weekends 

A. .  R .  Kendrick 3 3 4 - 2 5 5 5  

C .  C .  Gho l s on 6 3 2 - 2 1 9 3  

N .  E .  l-1axwell  ( Jr . 3 3 4 - 6 6 5 0  

- 1 4 -
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1 .  Reason fo r d i sch�rge o f  s p i l lage . 

2 .  Duration and vol ume o f  d i s charg e . 

3 .  S teps taken to'  correc t prob l em . 

4 .  S teps taken to preve nt reoccurrence o f  problem . 

. -- , r __ 
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APPEND I X  

Exhibi t 1 ( U OCC Dwg . No . 1 1 1 4 ) Baca Geothermal Pro j e c t  

Vicini.ty t1ap 

Exh ib i t  2 (UOCC Dwg . No . 1 1 4 �) Baca Geo the rma l Pro j ec t  Map 

Exh ibi t 3 (UOCC Dwg . No . 1 1 3 9 )  D i e s e l  Fuel  S tor age T�nk a t  

B�ca We l l  No . 6 Loc ation 

Exhib i t  4 ( UOCC Dwg . No . 1 1 4 0 )  Typic a l  Dr i l l ing Location 

S ite P lan & Equ ipmen t  Layout 

Exhib i t  5 (UOCC Dwg . No . 1 1 3 8 )  G a s o l i n e  S torage Tank at 

M�rsha l l ing Are a  

Exhibit G (UOCC Dwg . No . 1 1 1 7 ) O i l  Spi l l  N o t i f i c a t ion 

Procedure 

Exhibit 7 Baca Geothermal Pro j e c t  P ersonnel  L i s t  

Exhib i t  8 List  o f  Bac a Pro j ec t  Supp l i e s  and Equipmen t  

Exhibit 9 Contrac tor L i s t  
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Baca F i e l d  -
O i l  S ta f f  

Eng ebre tsen 
Area Manager 

John F .  r-lerheg e 
P roduc tion Foreman 

Jo seph P .  Bowen 
Operator I I  

• 
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EXH I B I T 7 

BACA P ROJECT PERSONNEL 

Aug u s t  1 ,  1 9 7 8  

Add r e s s  

1 4 0 8  Neme s i a  P l ace , N . E .  
Albuq �e rq ue , N . M .  8 7 1 1 2  

P . O .  Box 1 2 7  
Jeme z S p r i n g s , N . M .  8 7 0 2 5 

P . O .  Box 6 6  
Jeme z Spring s , N . M .  8 7 0 2 5  

Tel ephon e  

( 5 0 5 )  2 9 6 - 4 4 3 4  

( 5 0 5 )  8 2 9 - 3 3 7 4  

( 5 0 5 )  8 2 9 - 3 7 7 1  

Com? a n y 
2 -�·iC1 Y 
Ra d io 

Uni:. # 1  

U n i t  # 5  

Unit # 6  
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E X I I I B I T  8 

S U P P L I E S  AN D EQU I PMENT 

BACA N EW HEX I C O  G E O T Il E RMAL P RO J E C T  

D E SC R I P T I O N  

C h e v r o l e t  ( 1 9 7 4 )  B l a z e r , u t i l i t y , 
4 -Whe e l  D r i v e , S e r i a l  # C KV 1 8 4 F 1 4 6 7 4 3  
L i c e n s e  ff AP 9 1 3 4  

GMC ( 1 9 7 4 ) P i c k - U p  Mo d e l  # TK 2 0 9 0 3  
4 -Whe e l  D r i v e , S e r i a l  # T KY 2 4 4 S £ 2 0 9 8 8  
L i c en s e  # 2 2 4 2 9 2  

Ford ( 1 9 7 8 ) G t a n a d a , 4 -D o o r  S e d a n  
S e r i a l  # 8W 8 2 F 1 9 4 9 J 8  
L i n c e n s e  # CJ Y 0 9 7  

F o rd ( 1 9 7 5 )  T r u c k , Mod e l  # F 7 5 0 E  
S e r i a l  # F 7 5 EVV ,1 9 6 6 4 , L i e . # B P 1 9 6 1  
W i t h  RO Mod e l  T C 7 0 - 2 B  C r a n e , 
S e r i a l  # S N - 6 6 6  

C h e v r o l e t  ( 1 9 7 6 )  B l a z e r , 4 -Wh e e l  D r i v e  
S e r i a l  # C K L 1 8 G F 1 9 1 5 2 0  
Lic e n s e  # B X 9 8 1 0  

C h e v r o l e t  ( 1 9 7 7 )  3 / 4  Ton T r u c k , 
4 -Whe e l  D r i v e , V - 8  E n g i n e , 
S e r i a l  # C KL 2 3 7 S 2 0 6 9 8 1  
L i c e n s e  # C lI 9 5 6 5  

Chevrolet ( 1 9 7 7 )  Blazer , 4 -\\111eel Drive , 
V-8 Engine , Serial # CKL18 7 Z 2 0 7 6 0 2  
License # O-Il 9 4 4  

Portable Centrifugal \-Jater Pumps 
2 "  x 3 "  x / 5  lI P  G a s o l i n e  D r i v e n , A i r 

Coo l e d  E n g i n e  
2 "  x 3 "  w/ 1 5  I f P  G a s o l i n e  D r iv e n , A i r 

Coo l ed E n g i n e  

Pa l 1 e t i z ed B u r l a p  S a n d  B a g s  

01 eoph i l i c  S o r b e n t  P ad B a l e s  

Hand S hove l s  

Hand Ra k e s  

P l a s t i c  G ar b a g e  B a g s  

CO . NO . 

3 2 5 9  

3 3 5 8  

8 2 1 1 

4 1 5 4  

3 6 1 0 

3 8 5 3  

38 54 

QUAN T I T Y  

• 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 0 0  

2 

1 2  

1 2  

1 0 0 
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SPCC P LAN 

EXH I B I T 9 

CON T RACTOR L I ST 

BACA NEW MEX I C O  GEO T H E RMAL P RO J E C T  

A l l e n C o n t r u c t i o n  Comp a n y  
F a r m i n g t o n , N ew M e x i c o  

Ro u s t a bo u t  C r ew s  
G a n g  T r u c k s  a n d  Too l s  

B r own T r u c k i n g  C ompany 
F a r m i n g t o n , N ew Me x i co 

Vac uum T r u c k s  

C J C  
J e m e z  S p r i n g s , N ew Mex i c o  

Ro u s t ab o u t  C r ews 
Gang T r u c k s  and Too l s  
C a t e r p i l l a r  0 6  T r a c to r s  ( 3 )  
C a t e r p i l l a r  M o to r  G r a d e r  
C a t e r p i l l a r  N o . 9 2 0  F r o n t  Wh e e l  Lo a d e r  
C a t e r p i l l a r  No . 9 3 0  F r o n t  Whe e l  Lo a d e r  

a n d  B a c k h o e  
A u to c a r  3 -Ax l e  T r a c t o r , 2 F l a tb e d  T r a i l e r s  
V a r i o u s  1 / 2  To n P i c k - u p s  

Thomp s o n  Vac u um T r u c k  S e r v i c e  
F a r m i n g t o n , N ew Mex i c o  

Vac uum T r u c k s  

( 5 0 5 )  3 2 5 - 5 0 7 6 

( 5 0 5 )  3 2 7 - 9 8 6 1  

( 5 0 5 )  8 2 9 - 3 3 4 2  

( 5 0 5 )  3 2 5 - 3 1 8 1  
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LOUISIANA STATE UNNERSITY 
PAUL M. HEBERT LAW CENTER 

BATON ROUGE, LOUISIANA 70803 

Sep tember 25 , 19 79 

Direc tor , Division of  Ge othermal Energy 
Department 'of Energy 
\�ashington , D . C .  205 85 

(504) 388-8701 
(504) 388-8846 

In re Report of Hearing on Draft 
Envi ronmental Impact State
ment for Geo thermal Demons tra
tion Program 50 MWe Plant , Baca 
DOE/EIS-0049-D . 

Dear Mr . DiBona : 

Purs uant to your request  a Pub lic Hearing on the above matter was held 
on Augus t 30 , 19 79 in accordance with the notice pub lished  on July 9 ,  19 79 
in the Fede ral Regis ter (44 F . R .  40113) by the panel appointe d to conduct 
the same : Thomas A .  Harre ll , Robert P .  Hartley and Jose Luis M. Corte.z . 

Transmitte d  herewith is  the record of  such hearing consis ting o f :  

1 .  A copy o f  the no tice a s  p ublished  i n  the Federal Regis ter .  

2 .  A report by the pane l o f  the matters raised during the hearing . 

3 .  Copies of  the Exhib its cons idered by the panel and identi fied in 
the List o f  Exhib its attached to the panel ' s  report . 

4 .  A trans cript o f  the hearing as repo rted by the public reporter en
gaged to record the same . 

5 .  A transcrip t o f  a meeting held between representative o f  the Dep t .  
o f .Energy and o thers with the All Indian Pueb lo Counc il , Inc . which was 
introduced as part o f  the proceedings . 

6 .  A copy o f  the Draft Envi ronmen tal Impact Statement . 

I trus t that the panel has , by its report and the matters enclosed 
herewi th , satis factorily discharged i ts responsib ility . 

TAR/eb s 
Encls . 

Very truly yours , 

Thomas A .  Harrell 
Chairman 

• 
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REPORT IDENTIFYING VIEWS AND ISSUES ON THE DRAFT ENVIRONMENTAL 

IMPACT STATEMENT FOR THE GEOTHERMAL DEMONSTRATION PROGRAM 

1 
Pursuant to a no tice o f  hearing a public hearing was held on 

Augus t 30 , 19 79 by the undersi gned Hearing Panel on the Draft  Environ-
2 

mental Impact Statement (DEIS ) ,  for a p roposed Dep ar tment o f  Ener gy 

(DOE) Proj ect  to share the costs of  construction and operation of  a 

geo thermal p ower p lant with Union Geothermal Company of  New Mexico 

(Union)  and Public Service Company of New Mexico (pm!) on the Baca 

Ranch in Sandoval and Rio Arribas Counties , New Mexi co . A technical 

panel comprised of representatives of DOE , Union , PNM and p ersons in-
3 

volved in the preparation o f  the DEIS were also p resen t  to provide 

assis tance . 

The hearing was conduc ted under the rules set forth in the 

notice . 

INTRODUCTION 

App roximately 125 persons re gis tered their  attendance at the hear-

ing and oral s tatements were received from 28  o f  the participants . A 

transcrip t o f  the oral p resentations is transmit ted with this repor t .  

Wri t ten comments from various organizations and individuals were received 

1 .  4 4  Federal Re gis ter 40 113 (July 9 ,  19 79 ) .  
2 .  Draft Environmental Imp ac t  S tatement - Geothermal Demons tration 

Program - 50 MWe Power P lant - Baca Ranch - Sandoval and Rio Arribas 
Counties , New Mexico ,  July 1 9 79 . U . S .  Dep t .  o f  Energy DOE/EIS-0049-D . 

3 .  The members o f  the technical panel were : Arthur C .  Wi lbur , P roj ect 
Manager , DOE ; Jack Maddox, Proj ect  Manager for Union and PNM; Harry 
Arnold , Kathy Oakes , and Mary Moran all o f  Oak Ridge National Labora-
tory . "  

• 
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at the hearing and during the period provided for the f iling of such 
4 

comments . These are ident ified in the Lis t  o f  Exhibits attached 

here t o ,  and are sent with this report . On August 16 , 19 79 , as a con-

sequence of the no tice , a mee ting was held by rep resentatives o f  DOE , 

Union and PNM with o fficers and membe rs o f  the All Indian Pueblo Council ,  

Inc . , a t  the reque s t  o f  the latte r ,  for the purpose o f  reviewing the 
5 

proj ect and its potential environmental impacts . By consent , a trans-

cript o f  the meeting was made and was submitted on behalf o f  the All 
6 

Indian Pueblo Council , Inc . , as a part o f  the record o f  the hearing.  

It is also transmitted herewith . 

The Panel has organi zed and discus sed the concerns expressed and 

obj ections made to the DEIS under three headings : 

Part I considers subs tantial , widespread and serious concerns ex-

p ress ed and obj ec ti ons made to the DEIS  on the grounds that its scope 

was unduly res tricted  and that it  failed  to properly address and evalu-

ate impacts upon the environment which would result from the federal 

action under consideration as mandated by law . 

Part II cons iders obj ections made and questions raised as to  the 

accuracy and correctness  o f  the technical studies conducted to de ter-

mine the physical changes the proj ect may cause to the environment and 

4 .  The time for responding expired Sep t .  7 ,  19 79 . The Pane l did not 
consider the responses , if any , received f rom o ther governmental 
agencies excep t those who had representatives appear at the hearing 
or whose responses were forwarded to it and are contained in the 
Exhibits to this report . 

5 .  H . 5 .  Note Reference to pages in transcript o f  hearing wi ll be made 
as follows : "Tr . " ; to pages o f  the meeting o f  Augus t 16 as 
"H . " ; to Exhihits as "Ex. " and to pages o f  D . E . I . S .  as 
"DEIS " 

6 .  Tr . 3 7 .  

2 
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upon which the environmental evaluations in the DEI S  are b ase d .  

Part I I I  conside rs a number of  objections made and questions raised 

as to the evaluation in the DEI S  of  the bene fits to be derived and detri

ments which will resul t  from the project . 

Al though the Pane l has , by th is me thod ,  attemp ted to organi ze i ts 

rep ort to permit an orderly and thorough review of  the various conce rns 

expressed to the Panel i t  should be re cognized that there is some ove r

lapping o f  the topics and in a few cases a dup licat ion of the matters 

covered . For e xample , in many cases objec tions to techni cal s tudies 

were also based upon their limi ted scope  and questions were raised as to the 

evaluations o f  the impact of the proj ect on the grounds the participants 

lacked suf ficient information as to the to tal scope of those impacts to 

inte lligently appraise them . 

PART I 

OBJECTIONS TO THE SCOPE AND SUFFICIENCY OF THE DEI S  

A .  Objections that the DEI S  is legally insuffi cient in that it  does 

not adequately consider the e f fects of  full deve lopment of the Geo

thermal Reservoi r .  

The proposed 5 0  t1We geothermal plant will b e  cons tructed under a cost

sharing arrangement be tween DOE , Union and PNM. Union holds a geothermal 

lease on the Baca Ranch whi ch occupies app roximate ly 9 6 %  of  a 100 , 000 

acre tract in the Valles Caldera . The DEIS  describes the geothermal 

reservoir from which the wells for the demons tration plant will be pro-

3 
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ducing as covering an area of 40 square miles and containing hot wate r 
7 

on the order o f  4 . 7  x 101 2  lbs . The agreement between DOE and the 

o ther parties is limited to the cons truc tion of the 50 MWe p lant . The 

DOE agreement does no t cover or involve p articipation by DOE in the 

o ther areas held by Union under lease . Following completion of  the 

demonstration period DOE wi ll wi thdraw from the proj ect and relinquish 

any operating responsib ili ties . The Pane l unders tands Union and PNM 

are free to develop the remaining por tions of  the Baca lease and also 

to conduct other or addi tional activi ties on th e area covered by  the 

cos t-sharing agreement so long as , in the latte r ins tance , b uch opera-

tions are no t inconsis tent wi th or do not conflict with the demons tra-
7a 

tion proj ect . I t  would there fore appear future developments of  the 

reservoir beyond the limi ts of  the cos t-sharing arrangement or after 

i ts termination will no t invo lve subs tantial federal ac tion requiring 
8 

o ther or additional Environmen tal Impact S tatements . There is also 

evidence geothermal exploration is o ccurring on lands adj acent to the 

Baca grant by o ther companies . 

7 .  DEIS  3-3 .  
7a . A le tter (Ex . 16)  from Mr . James P .  Dunigan for Dunigan Enterprises , 

Inc . , owner o f  the Baca Ranch obj ects to re ferences in the DEIS at  
pages 1- 3 ,  3-14 and 4-1 indicating that with full development 
approximately 746 acres of Baca Ranch will be commit ted solely to 
geothermal developmen t .  The obje ction , if the Pane l properly 
interprets i t ,  is to the implication that the use o f  an area for 
geothermal development would exclude other uses by the landowner 
which do no t interfere with the geothermal development or operation . 
I t  would appear the corre ctness of  Mr . Duni gan ' s  s tatements are 
dependent upon the proper interp retation o f  the lease and what rights 
were granted or reserved  by it . The Pane l has no t seen the le ase . 

8 .  "Expans ion beyond 50 MW without Federal funding will require environ
mental review at the s tate leve l for each addi tional s tage of Develop
ment" DEIS 4-66 . 

4 
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Many of  the participants who made oral presentations expressed con-

cern or raised questions as to the environmental consequences of the 

addi tional deve lopment to the reservoir which will result from the 
9 

successful operation of the demons tration plant . I t  is  the Pane l ' s  

percep tion that mos t ,  i f  no t all , o f  those persons were also inferential-

ly asserting the DEI S  should have fully considered the e f fect upon the 
10 

environment whi ch might resul t from such addi tional development . A 

number speci fi cally challenged the suf fi ciency o f  the DEI S on these 
11 

grounds . These challenges (as the Pane l perceives them) are sub-

s tantially b ased upon the following contentions : 

1 .  The DEIS  sho uld address i tself to the e f fe c ts which will be 

di rectly caused to the environment if the government action 

is s uccessfully pursue d ;  

2 .  One of  the s tated purposes of the proj ect is  to assi s t ,  en-

courage and induce Union and PN}f (and perhaps others ) to 

deve lop the to tal geothermal reservoi r in the Valles Caldera 

of which the demons tration proj ect is admi ttedly a part ; 

9 .  Sando , Tr . 41 ; Pino ,  Tr . 5 2 ; Toya , Tr . 61 ; Poydalena , Tr . 75 ; 
Sando , Tr . 84 ; Linco ln , Tr . 9 4 ;  Davis , Tr . 159 ; Bi ggs , T r .  170 ; 
Dasheno , Tr . 115 ; Blewe r ,  Ty . 2 13 ; Tafoya , Tr . 2 71 .  See also 
Exhib its 18 and 19 . A great deal of the di scus sion at the mee t
ing o f  Augus t 16 concerned the e f fects of  the full deve lopment of  
the reservoir . See also Ex.  23 . 

10 . As the references in No te 8 will dis close , many of  the obj e ctions 
to the proj ect were expressed in terms of uncertainty , lack o f  
knowledge and concern as t o  what such deve lopment might bring to 
the area . 

11 . Tr . 41 , 75 , 76 , 9 5-100 , 169 , 1 70 , 184 , 195 , 213 , 271 . See also 
H . 4l .  An informal brief by the attorney for the Santa Clara 
Indians (Ex .  19 ) especially ob j ects to this as a matter of law .  
To the contrary , Hr . Di ck-Peddi e ,  Tr . 114 . 

5 
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3 .  Union and PNM indicated they view "the p roj ect" as including 

development o f  the complete reservoir ;  and 

4 .  Hhile the DEIS evaluation indi cates the p rincipal bene fi ts 

which wi ll accrue f rom the proj ect are those intangible 

advantages occurring f rom the complete deve lopment of the 

particular reservoir and others o f  s imilar nature , i t  has 

e i ther inadequately considered or ignored the detriments 

which may flow from such development .  

One o r  more o f  the participants called the Pane l ' s  at tent ion to 

the following as supporting the argument that the federal action under 

consideration is desi gned to cause s uch addi tional development : 

1 .  The s tated purposes o f  the Program Opportunity No tice (PON) 

from whi ch the proposed p roj ect resulted and (presumab ly) which 

were evaluated in selec ting the proj ect under consi deration 

are (partially ) : 

" [ To ] demons trate reservoir producing characteris tics 

o f  a speci fic liquid-dominated hydro thermal reservoir 

• . .  [ and to ] p rovide Federal assis tance needed to 

ini tiate development at a resource of  large po tential . 
12 

2 .  The cos ts of the proposed transmission line for the demons tra

tion plant are among those in which DOE wi ll share . This line 

is desi gned to carry the power generated by two addi tional 50  

MWe units whi ch wi ll be  located in the Valles Caldera reservoir , 

12 . DEIS 2-2 ; See also Tr . 15 . 

6 
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thus (p resumab ly) decreasing to PNM the total cost of such 
1 3  

addi tional units . 

3 .  The DEIS  recognizes in i t s  sunnnary that " future expans ion up 

to 400 MWe may be encouraged by the 50  MWe demons tration pro-
14 

j ect . "  

For the proposition that Union and PNH view " the proj ect" as 1ead-

ing to full development of the reservoir :  
15 

1 .  A p amphle t made available to the Panel and dis tributed by 

DOE ' s  local office , prepared, by Union Oil Company of Calif ornia 
16 

enti tled " Geo thermal Energy - Harnes sins the Natural Hea t  of  the 

Earth" dis cusses Union ' s  parti cipation in the demons tration 

plant and des cribes it as follows : "This development [ the 50 M\\Te 

plant ] is the firs t s tep in a p roj ect wh ich could produce enough 

geothermal energy to p ower electric generating facilities wi th 
1 7  

a total capacity o f  a t  leas t 400 , 000  ki lowatts . "  

2 .  At the meeting held by DOE , Union and PNM wi th the All Indian 

Pueblo Counci l ,  Inc . , a p resentation was made by a representative 

of  PNM, describ ing PNM' s perceptions o f  the advantages which wi ll 

accrue f rom the proj ect and some o f  i ts pos itive environmental 
18 

impacts . Among those mentioned was the saving o f  an es timated 

30 b illion cubic feet of gas that could be rep laced by geothermal 

1 3 .  DE I S  4-66 . 
14 . DEIS 1-5 . 
15 . Ex . 20 . 
16 . Union Oil Company o f  California in the parent company o f  Union 

Geothermal . 
1 7 .  Las t unnumbered page o f  Ex . 20 . 
18 . H . 21 .  

7 
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s team in the future "if  ultimate development takes place in 

the Baca location and 400 me gawatts o f  e lec tri ci ty are develop-
19 

edIt . 

3 .  The DEIS concludes that the hydro gen sulfide emissions of  the 

50  MWe plant should mee t  exis ting s tate s tandards (of  approxi-

mately 3 ppb ) . One participant who questioned the validi ty 

of these conclusions (which is discussed e lsewhere) also assert-

ed that PID1 had applied for a change in the exis ting New Mexico 
20  

s tandards . Another parti cipant c laimed that among the j us ti-

fi cations given by PNM to the State agency for the change was 

that the exis ting s tandards would p revent full development of 

the Baca ranch reservoir . It was as serted that PNM had re-

presented to the agency the 5 0  MWe demons tration plant and full 

development of the Valles Caldera reservoir  were , at leas t in 
2 1  

the view of  PNM, inextricably relate d .  The PNM representative 

at the hearing responded by stating that a change in the 

s tandards has been requested  by  PNM because exis ting s tandards 
22  

were "unduly restrictive "  for  geo thermal development .  

I f  full development by Union and PNl1 o f  the reservoir i s  determined 

to be an e f fect or poten tial e f fect o f  the proposed federal act ion of DOE 

in sharing the costs of the firs t stage of the development of the Valles 

Caldera geothermal reservoir (a ques tion which the Pane l is no t to resolve) 

19 . H . 2 2 ;  See als o : "The principal bene fi t  o f  the proposed p roj ect is  
the intangible bene fit of  enhancing geothermal developmen t" , DEIS 2-2 8 .  

20 . Tr . 84 . 
21 . Tr . 222 . 
2 2 .  Tr . 191 . 

• 

8 
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the consideration given to the environmental consequences of such deve1op-

ment by the DEI S ,  while no t comp le tely absent , appears limited . Part 

4 . 1  of the DEIS  describes the impact of the cons truction of the proposed 

50  MWe plant as it relates to land use ,  water , air ,  biota ,  so cioeconomic 

and cultural matters . Parts 4 . 2 , 4 . 3  and 4 . 4  contain s imi lar dis cussions 

of the impact of the operation of the plant ; of po tential accidents , 

and o f  the cons truction o f  the transmis sion lines . Wi th minor excep tions , 

the imp acts and evaluations conside red  in these sections are res tricted  

to those directly caused by the construction and op eration o f  the 50 }�e p lant , 

except perhaps to the extent the desi gn and operation of the transmiss ion 

line contemp lates transmission of power from two addi tional plants . 

Section 4 . 5 of  the DEIS  does purport to cover l iThe Effects o f  Full 

Scale Development to 400 MWe " .  This section notes the total envi ronmental 

impact s temming from the 50  MWe demonstration plant will include the 

future development of these geo thermal resources [ i . e . , those in the Baca 

location and under leases outside the boundary ] as well as the potential 

development of up to 400 MWe in the Redondo Canyon/S ulphur Canyon portions 

of the Baca Location . It  then s tates "the potent ial environmental impacts 

of development to 400 }�e cannot be accurately estimated with current 
2 3  

information . "  There then follows an analysis of the pos s ib le environmental 

effect of certain conj ectured developments . The Panel is no t certain 

whether the portion o f  the DEIS  quoted above i s  intended as a s tatement 

that the information assemb led  for the DEIS was inadequate to permit com-

2 3 .  DEIS 4-64 . 

• 
9 
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plete evaluation of the development or that the e ffects of such develop-

ment are so remo te and speculative as to be meaningless and no t required 

for the DEIS .  Since the detailed dis cussion of such matters as water 

quality ,  air pollution and noise in the DEIS do no t generally consider 

any effects beyond those caused by demonstration plant and the sub j ect 

of comple te development of  the reservoir  is  treated as a dis tinc t topic  

in  the DEI S ,  the Panel would as sume it  to b e  the former . The ma tter is  

also considered in Section 2 . 5  "Potential Developmen t of  Geo thermal 

Resources . "  This part o f  the DEI S also indicates the success o f  the 

proj ect wi ll probably lead to extensive addi tional development ,  describes 

some of the possib le changes such development mi ght bring to the area but 

appears to disclaim significant consideration of the subj ect . 

B .  Failure to Address  Sociological and Cultural Impacts of the Proj e c t  

Upon the Native Ameri can Indian Population 

The Santa Clara and Cochiti Indian reservations are adj acent to the 

Baca Ranch , on its southern and eas tern sides . The principal road p ro-

viding access to the proj ect site traverses a valley leading into the 

Valles Caldera from the so uthwest . This road in main part also parallels 

the maj or s treams leading from the demonstration s i te (and the surrounding 

area) to the Rio Grande River some mi les away . The road and s treams 

paralleling i t  pass th ro ugh the Jeme z ,  Zia and Santa Ana Reservations . 
24 

Other Pueblos are in the area . 

2 4 .  See DEI S A-3 .  

10 
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25 
Rep resentatives and members of the All Indian Pueblo Council s tren-

uously obj ected to the DEIS on the grounds that i t  failed to address the 

imp act the proj ect wo uld have upon the unique or p articular social , 
26 

cultural and reli gious aspects of their communi ties and way of  life . 

Individual repres entatives and members o f  the Santa Clara , Jeme z ,  Cochiti 

and Zia P ueblos also appeared at the hearing and made presentations . Re-

presentatives of  the Teseque and San Felipe Pueb los made s tatements at 

the meeting of  Augus t 16 . 

The members o f  all tribes and their representatives also universally 

complained o f  the failure of  the DEI S to address the e f fect the p roj e ct 
2 7  

would have upon thei r  communi ty , culture and re li gion . There was also 

speci fic obj e ction made by o ther persons that the DEIS was legally 
28 

de fi cient in this respe ct . 

The Pueblo rep resentatives and members as serted in p articular that : 

1 .  The area in which the development will occur , although private 

property , has tradit ionally and from time immemorial been used 
29  

by the tribes for the conduct of  reli gious observances . 

2 .  There are sites wi thin the area o f  great religious , historic 
30 

and cultural si gnificance to them. 

25 . The counci l is composed o f  19 Indian Pueb los in New Mexico including 
those mentioned , Tr . 38 . 

26 . Tr . 39 . 
2 7 .  Sando , Tr . 39 ; Pino , Tr . 4 7 ;  Toya , Tr . 6 1 ;  Sando , Tr . 7 4 ; Dasheno , 

Tr . 192-19 3 ;  Wall ,  Tr . 2 2 3 ,  Herrera , T r .  25 8 ;  Palilla H . 7 4 ;  
Wehakee , H . 84 ;  Tenerio , H . 89 .  

28 . Tr . 2 30 , 233 , 4 7 ,  228 , 2 2 3 . The brief by the Santa Clara attorney 
(Ex . 19 ) specifi cally obj ects to this . 

29 . Tr . 4 4 . 
30 . Tr . 40 , 19 2 ,  25 8 .  

11 
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3 .  They have traditionally gathered herbs and materials from the 

area for their re ligious observances which the proj ect would 
31 

endanger ; 

4 .  The wa ter f lowing from the general area and particularly down 

the Jemez rive r watershed (upon which the Jemez , Zia and Santa 

Ana Pueblos are located) is o f  vi tal impor tance no t only to 

the economic survival o f  their pueb los but in te rms o f  their 
32 

reli gious and cul tural percep tions . 

5 .  The ho t sp rings in the area whi ch may be adversely a f fected 
33  

have re ligious s igni fi cance . 

They complained that the failure o f  the DE IS  to address these matters , 
34 

was a violation of both the Nat ional Environmental Pro tection Ac t and 

the Jo int Resolution of Congress commonly called the Ameri can Indian 
35 

Religious Freedom Ac t .  

The members o r  representatives o f  the Pueb los who appeared ei ther at 

the meeting of Augus t 16 or the h�aring proper were generally opposed to 

the P ro jec t . It  is somewhat diffi cult for the Pane l to evaluate the full 

e xtent of the opposi tion , since in mos t  cases the opponents also coupled 

their complaints with s tatements that : ( 1 )  the DEI S does no t address 

i tself to these concerns and they were unable to de te rmine precisely what 
36 

impact may occur from the proj ec t ;  ( 2 )  the DEIS does not (as discussed 

in Part A ab ove ) addres s i tself to the impac t  o f  the full development of  

31 . 
32 . 
3 3 .  
34 . 
35 . 
36 . 

Tr . 
Tr . 
Tr . 
Tr . 

61 , 
49 . 
6 3 .  
226 . 

4 4 , 4 7 .  
See also the letter o f  the Pueb lo o f  Zia , Ex. 2 1 .  

Tr . 4 7 ,  192 , 199 ,  226 , 2 30 ,  2 3 3 .  
Id . 
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the reservoir and uncertainty as to the e f fects such development also 
37  

oc cupied much of  thei r  presentations ; and , 
38 

ed adequately as to these matters . 

( 3 ) they were no t consult-

The DOE local o f fice submitted a response direc ted to the las t  con-

cern indicating it has taken extens ive action since the incep tion of the pro-

cess to advise the Pueb los and their representatives o f  the exis tence o f  

the proposed demonstration proj ect , that a DEI S  was i n  p reparation and 
39 

to solici te their views on cer tain aspects of i t .  I t  is the Panel ' s  

perception that the thrus t o f  most o f  the comp laints concerning lack o f  

consul tation were not addres sed so much to the lack of  no tice b y  DOE 

but that they were no t consulted by those preparing the DEI S  concerning 

the impact the proj ect will have upon re ligious , social or his toric 

factors deemed relevant to them as mandated by the Joint Resolution o f  
4 0  

Congress . For e xample , Governor Dasheno o f  the Santa Clara Pueb lo 

s tate d :  
. 

" Secondly , I think the ques tion about consultation is 

another concern that we have . . .  By ' consultation ' we 

mean there was no respect in relation to the social 
41  

and cultural values that the tribes have . "  

They also indicated that the failure to consider such matters in the DEIS  

has e f fectively denied them the oppor tunity (which the hearing is to afford) 

to unders tand the DOE ' s  plan in light  of  such factors and critici ze or com-

3 7 .  Supra no tes 31-33 . 
38 . Tr . 50 . 
39 . Ex.  14 . 
40 . E x .  19 . 
4 1 .  Tr . 19 3 .  
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ment upon the tentative evaluation o f  the e f fects o f  the federal action 
42 

upon these aspects of the ir so ciety . 

Support for the contention that the DEIS does no t adequate ly address 

itself to the impact of the proj ect upon the particular cultural , reli gious 

and his toric values o f  the Native American Indians and that the fai lure to 

do so has deprived them o f  the opportuni ty to inte lligently p resent their 

comments and views was speci fically found by the p articipants in : 

1 .  DEIS Section 4 . 1 . 5 . 2  under the heading "Cultural Impacts"  where 

the concluding sentence no tes : "In acco rdance wi th the Native 

Ameri can Reli gious Freedom Ac t P . L .  95-34 1  cons ultation with 

representatives o f  Indian groups is current ly taking place to 

share p rojec t  information and to determine whether the rights 

of  a tribe or tribes may be advers ely affected  (emphases supplied) " .  

(The Panel does no t find in the DEIS any further cons i deration o f  the 

matters rais e d ;  any descrip tion of the impacts of  the federal action there-

on nor any evaluation of s uch impacts . )  

2 .  Union and PNM reques ted Dr . Jim Chalmers who made the socio-

e conomic s tudies  upon which the DEIS  was largely founded to 
4 3  

appear and des cribe his work . Mr . Arno ld of  the technical 

panel ,  in response to Dr . Chalmers ' presentation , noted that 

Dr . Chalmers ' s tudy was the maj or (but no t the sole) s ource o f  

socioe conomic data upon which the analys is con tained i n  the DE IS 

42 . This point , and the argument that the DE IS mus t be revised and 
additional hearings then held upon it is made and supported wi th 
ci tation of authority in the Santa Clara b rie f .  (Ex.  19 ) . 

4 3 .  Tr . 130 . 
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44 
is  based . Signifi cantly , Dr . Chalmers described his e f forts 

along those lines as follows : 

44 . Tr . 14 3 .  

" The social concerns we did no t investigate in great 

de tai l due to the small number of  peop le involved . . 

I t  should be noted tha t our interviews were largely 

with peop le who held elective o ffice , appointive posi-

tions , or were some of the maj or property owners in 
45 

the area . 

* * * 

Mr . Wilbur : I would like to inquire in the process 

of your s tudies , did you have contact wi th the Indian 

Tribes in the are a ,  could you outline very briefly 

what these were ? 
46 

Mr . Chalmers : No , we did no t . "  

* * * 

"Mr . Harrell : I gather from the comment you made 

earlier that yo u did no t consi der in any way the 

peculiar values that the Indian populat ion may hold 

that wo uld be a f fected by the proj ect , is that 

correc t?  
4 7  

Mr . Chalmers : That ' s  correct • .  
" 

45 . The Panel also no tes the owner o f  the Baca Ranch on which the 
development is occurring comp lained o f  lack of consultation (Ex . 
16)  . 

46 . Tr . 142 . 
4 7 .  Tr . 144 . 
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PART II 

OBJECTIONS TO TECHNICAL STUDIES 

Concerns were expressed by several participants as to the adequacy 

of the techni cal analysis in the DEIS re garding hydrology and water qua-

lity , air pollutant emissions and s tandards , operat ional noise , p o tential 

fluid spills , and the impacts of accidents and vandalism. 

A .  Hydrology and Water Quality 

The hydrological analysis in the DEIS and the supporting as sump tions 
48  

were extensively ques tione d by one o f  the participants , e . g . the use o f  

arsenic a s  a tracer may b e  inco rrect because i t  i s  not a s tab le cons ti tuent 
4 9  

i n  natural waters o f  the area . The same participant also contende d that 

a to tal inventory of s treams , springs , and_ aquifers is  needed  to estimate 
5 0  

deep circulat ion flow and surface water los s . Obj ection was made to lack 

of analys is o f  po tential s t ream depletion other than that of the Jemez 

River . The concerns re garding the hydro logical analysis did no t appear to 

ques tion the validity of the data base but rather the s cope and methodology 
5 1  

o f  inte rpretation . Further concerns related to the hydrolo gical analysis 
5 2  

included comments as t o  general inadequacy and fears that s t ream and 
5 3  

sp ring flows would decrease and that no mi tigat ion has been considered .  

Some concern was also expressed as to the validity o f  ve ry limited 

water q uality sampling , whe ther the sampling locations are near enough to 

4 8 .  Tr . 21-2 7 .  
4 9 . Tr . 2 3 .  
5 0 . Tr . 24 . 
5 1 .  Tr . 32 . 
5 2 . Tr . 2 2 4  
5 3 .  Tr . 15 3 .  
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p opulated areas , and the inat tent ion given to the e f fects o f  water use 
5 4  

on the downs tream villages . 
5 5  

The DEIS  includes chemi cal data from 

three s i tes and appears to use earlier data from other s ources to com-

p le te i t s  surface wate r des crip t ion . The discussion is  in fact limited . 

Several parti cipants expressed views , that the Pane l interpre ts as 

a serious general concern ,  regarding the hydrological and water quality 

e f fects of  the much larger development the p roj ect is expected to 

s timulate . The Panel has previously noted that the hydrological e f fects 
55a 

o f  full development do not appear to be materially addressed by the DEIS . 

Union proposes to mitigate the e ffect of  any reductions in the f low of 

the Jemez Rive r sys tem cause d by the proj ect by abandoning ce rtain water 

rights of unspecifie d  quanti ty it has obtained for the irrigation o f  

some 5 4  acres o n  the river . The DEIS s tates app roximately 14 acres will 

be re tired  as a result of the 50 MWe demons trat ion p lant , the balance 

being he ld for "future development" . The DEIS no tes that the water of  

the Jemez sys tem is fully appropriated .  The Jeme z  and Zia Pueb los claim-

ed they possessed prior rights to the water ; that exis ting state records 
5 6  

are incomp lete , inaccurate and unrepresentative o f  existing rights . They 

denied the validi ty o f  Union ' s  rights or that they had e ither parity wi th 

o r  priority over theirs . The DEIS does no t reveal the location of the 

land affected by Union ' s  rights ; discuss the impact caused by wi thdrawal 

of irrigated crop lands caused by the proj ect , nor address i tself to the 

ques tions o f  whe ther the rights ob tained are adequate - i . e .  Union proposes 

5 4 .  
5 5 . 
5 5 a .  
56 . 

Tr . 224 . 
DEIS 3-4 2 ,  3-44 , 3-46 . 
Infra , Part I .  
Similar obj e c t ions are made by Santa _ Ma 
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withdrawing approximate ly 30% of  the rights he ld for the first plant _ 

but asserts i ts future plans contemp late as much as an eight-fold ex-
56a 

pans ion of the reservoir . 

B .  Air Pollutant Emissions and Standards 

The technical validi ty of the mathematical model used to p redic t the 

dispersion of hydrogen sulfide (H2 S)  emissions from the proj ect s i te was 
5 7  

ques tioned  b y  several parti cipants . 
5 8  

The DEIS me thodology used a modified 

f lat terrain mo del . 
5 9  

Two o f  the participants suggested "hi gh-terrain" 

models be used  to  more accurately predict H2 S dispersion in the moun-
60  

tainous p roject  area . One parti cipant sugges ted s uch mo dels are avail-

able . The Panel notes tha t nei the r the participants no r the DE IS specifical-

ly addressed the adequacy of any mo de ls to reliably predict dispersion in 

the p roject  s i tuation . I t  would appear that the ab ility to p redict  the 

ambient H2 S concentration resulting from the 50  MWe plant operation is  ve ry 

important because o f  the S tate ' s  low ambient H2S s tandard o f  3 parts per 

billion (ppb ) and the nearness  to that of the DE IS p rediction of 1 to 2 
6 1  

ppb at  the neares t  Baca property line . 

As previously mentione d ,  concern was expressed regarding the request  

by PNM for a relaxation of  the S tate ' s  standards - apparently in  anticipa-

tion o f  the much larger developmen t whi ch may be s timulated by this proj ect . 

56a . A letter (Ex.  11)  from the Chief , Water Ri ghts Bureau ,  State o f  New 
Mexico ��ater Reso urce Division , des cribes that Bureau I s under
s tanding of the New Mexi co regulatory scheme for water ri ghts . 

5 7 .  Tr . 82 , 1 75 , 2 15 . 
5 8 .  DEIS 4-2 7 .  
5 9 . Tr . 82 , 1 75 
60 . Tr . 1 75 . 
61 . DEIS 4-2 7 .  
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The reque s ted change i s  to  no t exceed 5 0  ppb , as  a one-hour average , more 

than three times per day , nor more than 140 ppb as a one-hour average , 
6 2  

more than twice a year . Although · the Pane l recognizes that this request 

in no way implies that the State will approve it  or any other deviation 

from the present s t andard , it  may confirm that PNM expects a much larger 

development to evolve from this p roj ect . The DE IS  does not materially 

address a development larger than 50  lrue , nor the effects o f  the res ulting 

higher H2 S emissions . 

One participant asserted that the op t ions ava ilab le to reduce H2 S 
6 3  

emissions had no t been adequately addres sed i n  the DE IS  and further sug-

ges ted that , s ince the uncontrolled  emissions were from the cooling tower , 

a dry cooling tower could reduce these by up to 9 8  percent . The DEIS  in-

dicates three op tions for H
2

S control were considered ;  the " S tretford p ro-
6 4  6 5  

cess " ;  the "Iron Catalys t p rocess" , and "ups tream absorp t ion sc rubbers " .  

The S tre tford process was selected  and wi ll allow from 4 3  to 50  lb /hr o f  

H2 S t o  b e  released t o  the atmosphere from the cooling tower during normal 
66 

operations . The DE IS does no t consi der the advantages (or disadvantages ) 

of further reduction of  H2 S emiss ions which might be obtained by o the r 

means s uch as the use o f  a second process . 
6 7  

One parti cipant ques tioned the ori gin of  the particulates that 

averaged 40 mg/m3 over a 3-month period at  a s i te above Redondo Creek . 

6 2 . Tr . 217 . 
6 3 .  Tr . 1 7 3 .  
6 4 .  DE I S  2-2 3 ,  2-25 . 
65 . DEI S  9-2 1 ,  9-2 2 . 
66 . DEIS 2-25 . 
6 7 .  Tr . 175 . 
6 8 .  DEIS 3-5 9 .  
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He inferred the ori gin to be in geothermal ac tivi ti es since the value is 

far ab ove na tural ambient values expec ted in the area . The DEI S  does 

no t explain the origin of the particulates . 

Finally a concern was raised as to the possibili ty o f  the presence 

in geothermal fluids o f  hydrides o f  other elemen ts closely associated 

wi th sulfur , i . e . , tellurium, selenium, arsenic and phosphorus , all o f  
6 9  

which were claimed to be much more toxic than H2 S .  The technical panel 

observed that the fo rmation thermodynamics o f  these other hydri des in-

dicate they would no t be expec ted to be present in the geothermal fluids . 
69a 

c .  Noise 

One participant e xp ressed a concern ab out the noise ��� at the pro-
70 

posed proj ec t and its  po tential impac ts . The DEIS  indicates a noise level 

from air drilling and s team ventings may be as high as 133 dBA, a leve l  
71 

damaging to the human ear . The Union Oil representative said that dri lling 

and s team venting of the kind re ferred to would no t occur at the site . The 

DEI S  does no t discuss the possible ventin g o f  the total s team s upp ly , nor 

the control thereo f ,  in the event o f  unp lanned p lant shutdown . There is in-

dication that this may no t neces sari ly be a rare occurrence , particularly 

if the development expands beyond the 55-}rue p roj ect s tage . Such an 

occurrence would appear to represent a s igni ficant change in the now-exi s t-
72 

ing character o f  sound in the proj ect area . Addi tionally , the DE IS does 

6 9 . Tr . 1 79-180 . See also Ex. 8 for a descrip tion o f  the basis for this 
concern . 

69a . Tr . 185 . 
70 . Tr . 206-21 3 .  
71 . DEI S  3-91 . 
72 . DEIS  4- 3 7 .  
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no t appear to sub stantially address the impacts o f  op erational noise . 

D .  Spills , Accidents , and Vandalism 

The Panel has grouped these concerns because , if they o ccur , they 

will p robably be temporary or iso lated  events that may be interrelated . 

Concerns were expressed for increased highway accidents resulting from 
7 3  

increased traffic , inadequate discus sion of plant spills resulting from 
74 75 

turbine trips , b lowouts and pipe rup tures , and. spill mi tigation measures . 

Spills might  resul t from human error , vandalism, or equipment failure . The 

concerns were no ted for both plant personnel safe ty and th e surrounding 

p opulation . The Panel interpre ts the concerns to imp ly an assertion that 

the p lanned preventive and miti gative measures ,  as des cribed in Section 

4 . 3 of the DEI S , are insuf ficient . Although the impacts of  spi lls are dis-

cussed at  some length in the DEIS (Section 4 . 3 ) , the DEIS does no t address 

po tential vandalism, nor the measure s that would be imp lemented to prevent 

or correct the consequences  of fluid losses , should they occur , for ex-

amp le , in Redondo Creek . 

PART III 

OBJECTIONS TO ENVIRONMENTAL EVALUATIONS 

During the course of the hearing , several concerns were discussed by  

participants whi ch rela te the evaluation o f  the e f fects of  the proposed 

proj ect . While some of  these appear to concern quite peripheral mat ters , 

o thers do invo lve direc t  and s i gnif icant e f fe cts upon the environment .  

7 3 .  Tr . 154 . 
7 4 .  Tr . 15 7 .  
75 . Tr . 167 . 
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All are reported to permit full  evaluation of the impact on the communities 

mos t  affecte d .  

A .  Adequacy o f  highways and road ways to be use d  b y  the cons truct ion 

cOmpanies during the projected  two year cons truc tion schedule . 

Several times during the hearing , the ques tion was raised as to whe th-

er hi ghways are sui table to accommodate growth in the Jeme z are a ,  speci fi cal-

ly , 

1 .  At the mee ting with the Indian pueblo rep resentatives on August 

16 , 1 9 7 9 , i t  was no ted that the DEI S  did not address the prob lem 

of inadequate road conditions or bridges on S tate Road 4 leading 

to geothermal s i te from the South . The Indian representatives 

were concerned as to who would upgrade hi ghways 4 and 44  to make 
76 

them safe under increased heavy traffic conditions . The DEIS  

des cribes S tate Highway 4 (which crosses the Jemez 

Pueblo ) as "being ruled unsafe by the New Mexico Highway Dep t . 
7 7  

p rincipally for hazardous condit ions . " 

2 .  The same question was raised during the hearing b y  the . Indian 

Pueblo Council represen tatives who again que s tioned the e f fect  
78  

o f  the geothermal development on  the  road sys tem. Two other 

participants also no ted that the S tate Roads 4 and 44  ( the 

bes t routes to the site)  trave rse  the Pueblo of  Jeme z . Indian 

residents are wi thin twenty or thirty fee t  f rom State Highway 4 

76 . H . l09 . 
7 7 .  DE IS 3-89 
78 . Tr . 40 

2 2  
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which has been given unfavorable ratings b y  the New Mexico State 

Hi ghway Department . The Zia Pueb lo ' s  representative specifi cally 

expressed the Pueb lo ' s  concern wi th th e increase d traffic the 

p roj ect would bring to these highways . The Zia representative 

s tated that in the pas t  two years there has been a number o f  

accidents resul ting in the dea th o f  2 percent of  the tribal 
79 

population . 

3 .  Dr . Chalmers , as previous ly no te d ,  as semble d the data which was 

the p rincipal source of  the socioeconomic analysis made in the 

DElS . He characterized the highway situation both on New Mexico 

44 and Route 4 as having "some problems as does much of the s tate 

sys tems " . Although "he did not believe the problems were truly 

serious " . He did consi der i t  "imp erative" that close communication 

be maintained  be tween the proj ect and S tate Highway Department in 

this re gard . Dr . Chalmers also indi cate d his conclusions were de-

rived solely from cons i deration o f  the e f fect o f  cons truc tion o f  

t�e 5 0  MWe plant , and did no t take into account the e ffec t  o f  full  
SO 

development of the re servoir . 

B .  Location and type o f  transmiss ion lines to be built  for proposed 5 0  

megawatt  pilo t plant and subsequent additions . 

The subjec t  of  transmis sion lines , their type and location was touched 

upon several times during the hearing . Ques tions were raised about the 

transmission lines for several reasons : 

79 . Tr . 4 S ,  5 4 ; Ex.  2 l .  
SO . Tr . 1 3 3 ,  E x .  1 3  p . 3 .  

2 3  
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1 .  Conce rn was exp ressed as t o  why the size o f  the p rop osed t rans-

mis sion lines for the 50 Megawatt facility were larger than 

require d for that plant and are desi gned to accommodate up to 
81 

two addi tional uni ts .  

2 .  The e xact lo cation within the proposed "corridor" (which is  

a mile in wi dth )  o f  the line was no t exactly given to inform 

the public whe re this line would be . 
82  

3 .  The e f fect  o f  addi tional transmission lines required for future 

development was inadequately discus se d .  
8 3 

It  was asserted that the j us ti fication for the s i ze and location of  

the power line to the neares t maj or  load cen ter lo cated near Los Alamos , 
84 

New Hexico was reached primarily for economic reasons . The re-

cord shows that PNM has s tated addit ional transmission line facilities may 

have to be cons truc ted depending on the magni tude o f  the geothermal develop-
85 

ment . Obj ections were made that the DEIS does no t address the environmental 

impacts resulting from s uch power lines . It  was s tated that the transmission 

line right-of-way problems are cri tical to the proj ect because o f  their 
86 

e ffe ct on the s cenic beauty o f  the Jemez Mountains . The need for care in 

planning future location o f  transmis sion lines was no ted by Dr . Chalmers . 

Dr . Ted Davis , a Jeme z Sp ring res i dent , obj ec ted to th e large area to be 

cleared for the purpose of ins talling towers along the transmi s s ion line 

81 . H .  20 . 
82 . T r .  81 . 
8 3 .  See in particular the Fo res t Service response Ex.  18 . 
84 . See Ex. 18 . 
85 . H .  20-21 . 
86 . Tr . 81 . 
8 7 .  Tr . 141 . 

2 4  
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88 
corridor . Concern was expressed that the southe rn route is  20% longer 

and has more po tential for causing erosion and s tream sedimentation due 

to the ruggedness of  path than the nor thern route . The disadvantage no ted 

in the DEIS for the no rthern route (Baca) route indicates it may be more 

related to the fact that it traverses more of the Baca ' s  p roperty whi ch 

is  desi gnated as the Valles Caldera National Landmark than to direct 
89 

environmental consequences of the cons truction . 

C .  The e f fects on the existing and proposed designation and use of the 

Jemez area . 

The Jeme z  Mountain area surrounding the Baca p roperty contains num-

erous recreational areas which are part o f  the National Park Service lands 

and the Santa Fe National Fores t .  The Baca Ranch i tself is currently de-

signated as a National Na tural Landmark . It  was s tated thi s designation 

is  based upon the fact that the Valles Caldera is  the wo rld ' s  largest  
90  

extinct volcano . The area has his torical and archaeological significance . 
9 1 

I t  was asserted on several occas ions by many of  the participants that the 

p rop osed 50  me gawatt  power p lant and subsequent development of the site 

would compromise the area ' s  special s tatus and also affect nearby recreation-

al fac ilities . I t  was contended that in reports by the U . S .  Park Servi ce ,  

geo thermal development activi ties and subsequent development were sai d  to 

be a maj or threat to the inte gri ty of  the Landmark and might  des troy Land-
9 2  

mark s tatus . I t  was s tated that at  leas t three federal agencies and the 

88 . Tr . 15 6 ,  15 7 .  
89 . Tr . 1 7 1 ,  1 7 2 .  
9 0 .  H . 45 ,  46 ; Tr . 1 7 1  
9 1 .  Tr . 1 71 ,  8 8 ,  89 . 
9 2 . Tr . 168 . See also Ex. 2 2 .  
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s tate o f  New Mexico have expressed interes t in p rocuring the Baca pro-

perty or portions thereo f because of i ts geologic , b iologic , historic 
9 3  

and religious s i gnifi cance t o  the surrounding Indian t ribes . 

I t  was said that convers ion of  the privately owne d Baca p rope rty to 

public holdings would lead to land use p riori ty questions . Mr . Sanders 

of the Los Alamos Mountaineers reported that , b ased on conversations with 

Mr . Dunigan o f  Dallas , Texas ( representative of th e owner of the Baca 

Ranch ) , s uch a transfer of ownership of the Baca p rop erti es is  probable . 

He urged the environmental impact s tudy to conside r  the e ffec t  large 

s cale indus trial development of the area wo uld have upon both i ts p resent 

re creation and wi lderness use and that which mi gh t  occur if land is  trans-
9 4 

ferred to pub lic ownership . 

D .  Who has the legal responsibilities to protect  the s i te from being 

a ltered o r  des troyed as a recreational and s ceni c area? 

One of the participants expressed a concern as to how and by whom the 

public will be ass ured that envi ronmental requirements and guidelines are 
95  

actually adhere d to , and whe ther the public is as sured that environmental 

damage will be p revented whe re q uanti tative limits  do not exist . He 

specifically mentioned the disposal of drilling muds , reseeding , air 

quali ty s tandards , noise , cooling tower drift , erosion , siltation and plant 

abandonment .  While the DEI S  describes the initial permitting p rocedures 

required to implement the p rocess i t  does no t address the as s urances 

9 3 .  Tr . 8 2 , 169 ; H . 45 ,  46 . 
9 4 . Tr . 8 8 ,  89 . Mr . Dunigan' s  letter (Ex . 16)  tends to confirm such 

matters are under consideration . 
95 . Tr . 1 8 3-184 . 
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sought  by  the p articipant or what laws and viable implementa tion mechanisms 

e xis t to control environmen tal impacts throughout the operat ional phase . 

I t  has p revious ly been no ted that DOE ' s  parti cipation in the p roject  is 

limi ted to about 5 years of the es t imated 30 year li fe of the demons tration 

plant and does no t e xtend to other parts o f  the reservoi r .  Mention is made , 

indirectly ,  o f  the environmental legal regime wi th respect to air pollution . 

To some extent the DEI S  appears contradictory regarding the H2S s tandards 

where they are various ly des cribed as being an ambient standard of 3 ppb , 
96 

and as "3 ppb above ambient concentrations " .  

E .  Alternatives to proposed powe r generating plant design in order to 

save limi ted water resources in the area . 

I t  was as serted the DEI S  implies water consump t ion from the proposed 
9 7  

5 0  me gawatt plant o f  twenty-s ix  hundred forty acre-feet per year . Re-

presentatives o f  the Bureau of  Indian Affairs , Alb uque rq ue Office , as serted 

s uch a consump tion rate could have significant adverse impact on the water 

resources . They no ted an al ternative plan of  operations us ing dry towers 

i s  des cribed in section 9 . 6 . 1 . 2  of the Draft Environmental Impact State-

ment which contemp lates an al ternative dry tower cooling sys tem that e limin-
9 8  

ates consump tive water los s .  The technical members o f  the panel respond-

ed to this sugges tion by s aying that such an alternative sys tem would be 
9 9  

too expensive and may no t b e  technically feasible . The DEIS  concludes 

the e f fect upon ground and surface water supplies o f  the water consump t ion 

96 . DEIS 3-5 9 , 4-2 2 .  
9 7 .  Tr . 26 . 
9 8 .  Tr . 2 3 ,  2 7 .  
9 9 . Tr . 34 , 35 . 
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100 
of the demonstration plant wi ll no t itself be signi fi cant . The impor-

tance o f  water to the area and i ts s carci ty appears to be unques tioned . 

The environmen tal and e conomic trade off  o f  such matters in the context 

of a demons tration p roj ect and i ts e f fect upon the hydrolo gy o f  the area , 

i f  the process i t  demons trates is adop ted as the mode o f  geothermal 

development in the reservoir or region is no t addressed by the DEIS . It 

was asserted tha t in view of the impor tance of  th e water issue dry 

cooling towers or other alternatives should be considered as a way o f  re-

ducing the water consump t ion . 

F .  The e conomic feas ibility o f  the project  was ques t ioned in terms o f  

the cos t  of  producing e le ctrical energy by geo thermal means as opposed 

to coal or oil fired p lants . 

One o f  the participants rai sed ques tions ab out the economi cs o f  the 
101 

proj ect . Economic analysis was presented whi ch was sai d  to show that 

the DOE ' s  participation was not only necessary but essential to the p ro-

j e ct since the cos t of a geothermal p lant would be seve ral times that o f  
102 

an o rdinary natural gas or coal burning plant . I t  was then argued that 

even wi th DOE suppo rt , the resulting price of  electricity to the consumer 
10 3 

would still be going up . The PNM representative on the technical Panel 

responded and pointed  out that with Federal as sis tance . the 50  megawatt  
104 

facility would be cos t-competitive .  The DEIS does no t ment ion what 

factors are sought to be demons trated by th e plant whi ch would encourage 

100 . DEIS 4-19·. 
101 . Thomas W .  Hill (Tr . 115 ) . 
102 . Tr . 115 . 
10 3 .  Tr . 119 . 
104 . Tr . 124 . 
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belief or  demons trate that similar p lants would be cos t-competitive o r  

e conomi cal t o  ope rate wi thout federal support . 

G .  Concern was raised regarding the presence of o ther drilling companies 

in the Jeme z  Mountain area . 

In addi tion to the Union Oil Company of  Californi a exploration activi-

ties in the Jeme z Mountains i t  was s tated  that there are several o ther com-

panies doing exploration work in the area . The Indian tribes named several 

companies presently searching for geo thermal resources by drilling the 

re gion : Amax, Chevron , Amino 1 , Sunco , Phillips and Union Oi l of  Cali fornia . 

The Indian tribes contended  the present proj ect will lead to total develop-
106 

ment of the overall geo the rmal resource of the area . Indians claimed 

tha t Amax, for example , has some unders tanding for the sale of the geo-
10 7 

the rmally produced s team to the PNM. Their concern for this has pre-

vious ly been mentione d as giving rise to ques tions as to the scope of the 

DEIS . 

H .  The concern was raised that the success o f  the proposed geothermal power 

deve lopment will lead to the generation of a subs tantial amount of  power 

unnecessary for area needs . 

I t  was claime d  the power developed from the geo the rmal reservoir will 

be expor ted outside th e s tate and that it  is unfair  to ask the local peop le 
lOS 

to bear the environmental burdens of producing power for others . The 

Indians contended that the success of this p roject  will b ring a great num-

ber o f  other companie s to do s imi lar activi ties and this will have an im-

105 . H . 3S . 
106 . H . 39 ,  40 , 95 . 
10 7 .  H . 4s .  
lOS . Tr . 269 , H . 40 .  
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pact on the to tal area of the Jeme z Mountains . They foresee a compounding 
109 

of e f fects whi ch will ul timately a ffect the area s i gni ficantly . 
• 

The need  o r  requirements for the power to be produced by this and 

ensuing p roje cts has no t been addressed in the DEI S ,  nor is the use to be 

made of  the powe r arising from development of  the Baca Reservo i r  consider-

e d ,  except for the s tatement that Los Alamos can use the 5 0  MWe and that 
110 

it will "help solve an existing vo ltage fluc tuat ion" there . 

I .  In addi tion to related issues and comments , some o f  the participants 

used the o ccas ion to express certain frus trations in dealing with 

government . 

In addi t ion to the comments directly related to the environmental 

aspects of the 50 me gawatt geo thermal power plant , s ome participants ex-

p ressed considerable frus tration arising from governmental act ions gen-

erally occurring in the area and involving federal lands . Ob j ections 

were expressed to "outside "  corporations , and government agencies coming 

to the southwes t  and making determinations and de cisions concerning local 

resources , and developing those resources for the bene fit of the res t of  

the United S tates and leaving the local communities to deal with only the 
111 

adverse effects . 

Hr . E .  Luj an , an emp loyee o f  the New Mexico Legal Services of  

Alb uquerque , New Mexi co ,  addressed  himself to the rights o f  Indians and 

Chicanos in the area to be mos t  affected by this proj ect . He made re-

ferences to the Treaty o f  Guadalupe Hidalgo s i gned be tween Mexico and the 

109 . H . 95 ,  Tr . 268 .  
110 . DEI S  2-1 7 .  The Forest  Service also questions the decision to 

direct the power to Los Alamos . (Ex . 18) . 
111 . Tr . 2 2 7 , 2 2 8 .  
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United S tates in 184 8 ,  which he claimed is the basis for Indian and 

Chi cano rights in this area ceded by Mexi co . He as se rted the treaty pro

tected thei r  cul tur e and language . On this bas is ,  Mr . Luj:n claimed 

limited information was provi ded the Spanish speaking Chicano communi ty 

in regions a ffected by this proj ect . Mr . Luj an also specially obj ected 

to the fac t that the socioeconomi c study neglecte d the Indian and 
112 

Chicano cultural and his toric values . He speci fically requested  

mo re information be  made avai lable to the Chicano communi ty in  Spanish 

as well as English . 

Indian participants made reference to o ther p rivate and government 

projects  located in Indian land s uch as the uranium mines near Grants , 

New Mexico , and the nuclear was te si te in southwes tern New Mexico whe re 
113 

the Mes calero Apache Indians live . The thrust o f  these comments and 

tenor o f  the complaints is  represented by the summary o f  one participant ; 

"to the Indians , geo thermal, uranium and/or nuclear makes no di f ference , 

to them this cons ti tutes the des truc tion o f  the land and to des troy the 
114 

land is  to des troy the peop le . "  

Submitted by : 

Thomas A .  Harrell , Chairman 

P .  Hart ley , 

Jose LU1S M .  Corte z ,  Member .  

112 . Tr . 2 30-2 32 . 
113 .  H . 80 ,  Tr . 244 . 
114 . Tr . 244 
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LIST OF EXHIBITS 

Document 

Le tter dated July 4 ,  19 79 from G .  Theodore Davis 

Letter dated July 16 , 19 79 from Ri chard Holden 
for New l1exico Pub lic Interest  Research 
Group 

Letter dated July 19 , 19 79 from Robert F .  
Mattheis - Acting Director , Environmental 
Affairs Division, General Servi ces Adminis tra
tion 

Le tter dated Augus t 3 ,  19 79 from Charles T .  
Crowley , Chie f  Envi ronmental Servi ces Branch , 
U . S . D . A .  (R . E . A . ) 

Le tter dated Augus t 7 ,  19 79  from Wi lliam H .  
Regan , Jr . , Ac ting Assis tant Director for 
Environmental Proj ects and Technology 
U . S .  Nucleur Regulatory Commission 

Le tter dated Augus t 8 ,  19 79 from A. W.  Hamels trom 
State Conservationis t ,  U . S . D . A .  

Le tter dated Augus t 14 , 19 79 from Bill F .  Isaacs 
and Janie Chave z for New Hexico S tate Heritage 
Program 

Letter dated Augus t 1 7 ,  19 79 from G .  J .  Biggs , 
Board Member for New Mexico Ci tizens for 
Clean Air and Wa ter 

Le tte r of  Aueus t 2 4 ,  19 79  from Raymond R .  
Gallegos , State Fores ter , New Mexico 
Natural Resources Department 

Le tter dated Augus t 25 , 19 79 from Bob E .  Wyatt 

Letter dated Augus t 2 7 ,  19 79 from D.  E.  Gray , 
Chie f ,  �vater Ri ghts Bureau, New Mexico 
Natural Resources Department 

Letter dated August 29 , 19 79 from Wi lliam Stone , 
Program Chai rman , Sangre de Chris to 
Audubon Society 
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"Testimony by" Dr . James A.  Chalmers , Ari zona 
S tate Univers ity and Mountain Wes t  Research 
Inc . dated Augus t 30 , 19 79 

"Draft" dated Sep tember 1 ,  19 79 , enti tled 
DOE/GDPP Office Ef forts at Communicat ions 
wi th Indians , etc . from Ar thur C .  Wilb ur , 
Proj ect Hanager , D . O . L .  

Let ter dated Augus t 31 , 19 79 from Jack H .  Heinemann , 
Advisor on Environmental Quali ty , Federal 
Energy Regulatory Commission 

Le tter dated Sep tember 5 ,  19 79 from James P .  
Dunigan , for Dunigan Enterprises Inc . , 
and Baca Land and Cat tle Company 

Le tter dated Sep tember 6 ,  19 79 from George 
Scudella , Geothermal Energy Consultant , 
New Hexico Energy and Minerals Department 

Le tter from James C .  Overb ay , Acting Regional 
Fores ter ,  U . S . D . A .  Forest Service 

Informal Brief  dated Sep tember 7 ,  19 79 by Bruce 
J .  Terris , attorney for Santa Clara Pueblo 

" Geothermal Ener gy" undated pamphlet by 
Union Oil Comp any of Cali fornia 

Le tter dated Sep tember 6 ,  19 79 from "Pueb lo 
of Zia" 

Letter dated Sep tember 1 1 ,  1979  from Louis S .  
Wal l ,  Chief ,  Hes tern Divi sion o f  Proj ect 
Review , Advisory Council On His toric Preserva
tion . 

Le tter dated Sep tember 10 , 19 79 from Luebben , 
Hughes & Kelly , attorneys for Pueblo of  
Santa Ana . 

Le tter dated Sep tember 5 ,  19 79 from G .  J .  
Bi ggs , Board Hember for Geothermal Energy , 
Los Alamos Chap ter , New Uexico , Citi zens for 
Clean Ai r and Hate r .  

These e xh i b i ts a re fo u n d  i n  Appe n d i x F of the FES , Commen t s  a n d  Res pon s e s  

Refer t o  Hear i n g  T ra n s c r i p t , see references f o r  C hapter 1 2  f o r  comp l ete 
c i t a t i  on . 

Th i s  pamp h l e t  i s  n o t  reprodu ca b l e .  Ava i l a bl e u pon reques t from Un i on o r  
DOE , D i v i s i o n of Geotherma l Energy . 



F. A .  Leone 
Div1 s bon of NEPA Affa 1rs 
US DOE 
Wa sh1ngt on , DC 

Dear Mr . Le one : 
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PO' Box 2 1 
Jemez Spr 1 ng s 
NM 87025 
July 4. 1979 

Enclos ed are t en more s 1 gna t ur e s  req ue s t 1 ng  pub1 1 c  
hear ings on the BACA Geothermal Eroj e c t . The t otal 
pet 1 t 1 0n s i gnature s  subm i tted by me 1 s  now 87 . 
I re cent ly heard t hr o ugh a member of New Mex i c o  C lean 
A1r ana Wat er that pub 1 1 c  hear1 ngs are 1 nd e6d s ched uled , 
but only 1n Albuq uerq ue and only 4S days aft er release 
of t he DEI S .  

In ord er t o  a s s ure pub1 1 c  awarene s s  and und e r s t and 1 ng .  
and per our s ugge s t 1 0n ,  lt would be he lpf u l  t o  hold 
hear 1 ngs 1n Santa Pe , Albuq uerq u e , and Los A lamos , and 
no s ooner t han  4 m ont hs from the publl c ava1 labl 1lty o f  
the DEI � .  A fa 1 1ure t o  allow ad eq uate t 1me f or evaluat 1 0n 
and . 1 s c u s s 1 on c oncern1ag th1 s pro j ect c o uld onl y lead t o  
greater m1 s und er stand i ng  between the pe ople and t he 
ut l l1 t i e s , 01 1 compan1 e s  and DOE . I - w1 1 l  look f orward 
to hear1ng from you c onc ern1ng thi s mat t er . 

S1ncerelry ,/// ... (lI1J 
G- (/ � )r.:;77i�-'" 
G .  The od ore- Dav1 s , M .D. 
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To : M r .  F . A .  l e o n e  
D i v i s i o n  o f  N E P A A f f a i r s  
M a i l  S t a t i o n E - 2 0 1 . G T N  
U . S .  De p a rtm e n t  o f  E n e r g y  
W a s h i  n g t o n  t ·  D .  C .  2 0 5 4 5  
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Re : P r o p o s e d  U n i o n O i l of C a l i f o r n i a / P u b l i c  S e r v i c e  Com p a ny o f  
New Me x i co / D O E  J em e z  Mo u n t a i n  G e o t h e rm a l  D e v e l o pm e n t  

De a r  S i r :  
... . -
We . t h e  u n d e r s i g n e d . a re c o n c e r n e d  a b o u t  g e o t h e rm a l  p o w e r  d e v e l o p -
me n t  i n  t h e  J e m e z  M o u n t a i n s , B a c a  L o c a t i o n .  W e  re q u e s t  s e p a r a t e 
p u b l i c  h e a r i n g s  i n  A l b u q u e r q u e , S a n t a  F e  a n d  L o s  A l a m o s i n  o r d e r  t o  
a d d r e s s  th e v a r i o u s  p o t e n t i a l  a n d  k n o w n  e n v i r o n m e n t a l , s o c i a l  a n d  
e co n o m i c i m p a c t s  o f  t h i s  d e v e l o pm e n t .  T o  a s s u r e  a d e q u a t e p u b l i c  
i n p u t  a n d  awa r e n e s s ,  w e  re q u e s t  t h a t  t h e s e  h e a r i n g s  b e  s c h e d u l e d  n o  
s o o n e r  t h a n  f o u r  mo n t h s  f r om t h e  d a t e  o f  p u b l i c  a v a i l a b i l i ty o f  t h e  
D r a ft E n v i ro nm e n t a l I m p a c t  S t a t em e n t  ( D E I S ) .  

NAM E 

5 • 

A D D R E S S  P l e a s e  s e n d  m e  a 
c o py o f  t h e  D E I S  
( c h e c k  h e r e ) 
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.·---,.t)57 � Vista Hall ·tN-1 . P.O. Box 4564 
Albuquerque,' N .M .  87106 
aluly 16 , 1979 

Department of Energy 
Divisicn of GeothernBl Energy 
Rocm 3122C 
�, D.C.  20585 

Dear Mr .  Bennie G. Di Ibna, 

(505) 277-2757 

As a representative group of CNer 21 , 000 students at the Uni versi ty 

of New Mexico in �, our plblic interest group W)U1.d like to 
Dake an oral presentation at the pbllic heari..D3 on '!he Draft Envi.rorrrental 
.IItPaCt Statsrent, 00E/EIS-0049-D .  We will te present at the Shalako 

MXor Irm in AJ.b.xIuerque, New Mexico on August 30 , 1979. As our current 

staff inclooes university students who have class scherlules , it is of 

utm:>st imp:>rtar¥::e to knc::M the exact time of our presentation. 

1i2 will also te preparin; written caments by Septanber 7 ,  1979 to 
i.psure that our caments will te rct.ed in the final preparati.cn of the 

final emrircnrental inpact stat:snent. 

'lhmk you far infom:i.n:J us of our presentaticn time .  Do you 
have any fonnat far the presentation to follow? Your prarpt assist.an:::e 

in these matters is greaUy awreciate:i. 

REI: mjd 

Sinoere1y, 

fCuil'ui ,( f(� 
Richard Iblden 
Program Assistant 
Treasure ,R-1PIR:; 
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neUl m ex / co Cit izens fo r ere a n flir a nd  UJ a f e r  

Hr .  BennIe G .  DI Bona 

F.O. BOx S 
IDs Al8r.lO S 
lew Me x I co 87544 
17 August 79 . 

u. s .  Department of Energy 
gr-57 
Division of Geothermal Energy 
Mail stop 3122 C  
20 Massachuse t t s  Avenue , XW 
WashIngton, D . C .  20585 

Deal' Hr. DiBona : 

!hi s letter I s  to confIrm - the content o� the telephone 
conversat i on I had the morning or August 15 wlth ��. Ro�rt 
Oliver of your Div i s i on .  

!he [o s  A18I11o s  Chaptel' o f  NMCCA&W Int ends t o  !Speak (pref-eM"ed 
time : p.m. ) at the publ Ic he a r ing on the Baca Ge o thermal 
Demonstrat I on Power Plant Dr&ft ElS to be held on August 30, 
in Albuque rque . St a tement s wi l l  be pre sented by my self snd 
pe rhaps one or two other members ot the Los Alamos Chapter. 

Although even a brl ef summa ry cf our pre sentat lon e a nnot be 
provided at thi s t ime , ve do intend to a ddre ss �uch t o p1es 
as : po ss ible c ontaminat Ion o f  local ere e ks due to pipe 
rupture and failure of hol d ing basIns; dravdown of nearby 
surface springs; threat to the NatIonal lfatural Landmark 
Status of Baca Locat ion No . 1 ;  visual Impact or t�ansmi s s i on 
line s ( e spe c i s 11y tho se seen from the Los Alamoz t ownsite ) ;  
emi s s ion of hydrogen sulfl de and the Publ I c  Servlce Company 
of New Mex i co ' s  request fol' a vari ance to the - State �b ient 
ail' standard ;_ lack of hard facts conc e rn Ing potent ial rel ea se 
Into the a ll' of the hi ghly toxie t e llur i um  and sel onium - 
compound s o f  hydrogen; a tmo spheric d i spersion models used 
in the DEIS; certain soc I o e c onomic aspec t � of the pro j ect ; 
and the general que st ion of legal re spo n s ib I l I ty to� 
enVironment al damage and the lack or quant itat ive l imits 
at both the State and Federal levels� 

Sincerely, 

�� 
80SI'd I'lember t"o� Ge othe rmal Energy 
Lo s  Alamo s Chapter 
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DA l E :  Sep t emb er 5 ,  1 9 7 9  

"EI>lY 'TO ATTN O F :  Geothermal Demonstrat ion Power Plant Proj ect Of f i c e  

SU BJECT:  Gnpp Proj e c t  Office Con tacts  lnth Nat ive Americans 

'to: Bill liann ing , Ass i stan t �1anager for Proj ects , DOE/ SAN 

The DEIS Public Hearing may have created the impression that ou r Proj ect 
Off ice has been less than diligent in wo rkin g with local t r ibes t o  mit iga t e  
CDPP impac t s .  My own imp ress ion i s  t hat we have mad e an appreciable e f f o rt 
to promo t e  con tacts and inf ormat ion exchange .  I t hink the t r ib e s  d iscon t ent 
o n  t his is sue predat es our Proj ect Off ice establi shmen t in New Nex ico . 

For the record , the following summarizes our e f f o r t s  t m.,rards e f f e c t ively 
int erfacing with t he Indians . 

1 .  Contacts and meet ings with All Ind ian Pueblo Coun cil (AIPC) beginning 
Apr il 1 9 7 9  

Numerolls telecons and at  least s ix face-to-fac e .  AIPC s aid they would 
arrange for meet ings with interested Tribal Councils and Governo rs . 

2 .  Contacts and Neet ings with Tribes 

a .  Santa Clara 

- . Ap ril 1 9 7 9  (with PNl1) met wi th Governor and t ribal o f f icials 
(at their requ es t )  to give informat ion on p roj ect . 

June 8 ,  1 9 7 9  met with t ribal officials at  S an t a  Clara Pueblo . 
S t at ed my desire t o  avoid inf ringement o f  religious s i t e s , needs 
and p ractices and asked their help (they r ef erenced a book , which 
I purchased and am reading) .  

Provided (through phone calls and mailings ) :  

b .  Jemez 

U . S .  Fores t  Service EIS 
Informat ion on Amax operat ion s and o ther Government agency 

respon s ibilities re : t hose operat ions 
A U . S .  Geological Survey contact for 

"
discu s s ing Amax 

opera t ions . 
Other informat ion on geothermal energy 

June or July 1 9 79 , met with J emez Governor and Council to  provide 
in format ion and answer que s t ions . Stated my desire t o  avo id 
infringements on their rel igious s i t e s , needs , and practi.c es , 
and asked t heir help . 
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c .  Co ch iti 

d .  Zia 

Fo llowed up on DEIS mee t ing with Pueb los re Clarence Weahke ' s  
content ion that Ind ians are exc luded f rom Band elier Nat ional 
Mon�men t ' (h e  told me this  is historical complaint , no longer 
a p roblem ) .  

Tr ied to fo llow u p  w i t h  Hr . He rrera (\o.'ho is also Director of  
New Mexico S t a t e  Off ic e  of  Ind ian Af fairs ) ,  following Pueblo 
s it e  t our , to s ee if any mo re informat ion or meet ings desired 
(le f t  that  mes sage , but call not returned ) .  

On Amer icans for Ind ia:""_ upportunity (AIO) p roj ect site t our , 
while s topp ing at Zia , r eit erated t o  Governor my interest in 
meeting with h im and council to p rovide informat ion and answer 
questions , if t hey are int erested . 

e .  Isleta 

In respon s e  to l et t er f rom Isleta Governor re proj ect , called 
Governor . En couraged him t o  come t o  DEIS meetin g  wi th Pueblos and 
to come to Public Hearing . Also mad e o f f er t o  come talk with him 
and his Counc il . Fo llowed u p  with l et t er ,  reiterating . 

3 .  'Proj ect Brief ing and Proj ect Site Tour - }�y 14 , 1 9 7 9  

Th 1s was arranged thr ough AIPC . I t  covered both t he CDPP and Hot Dry Rock . 
A brief ing and Q and A sessio,n at  LASL was fol lowed by a tour of both s i t e s . 
Part ic ipan t p rovid ed buses at LASL and lunch for Ind ians . 

At least the follmdng Pueblos \-lere represen t ed : J emez , San t a  Clara , Zia , 
Co chit i ,  Te suqu e .  I offered te  meet with any ind ividual Pueb lo o r  groups 
for further int erchange .  Al so asked their help in ' t he mat t er of religious 
impac t s ,  s ince we are anxiou s to avo id all adve r s e  impa c t s .  

4 .  Pueb lo Heet ing on DEIS - Augu s t  1 6 ,  1 9 7 9  

AIPC t r i ed t o  g e t  all pueblos to at tend . Mee t ing was on t heir territ ory . 
Heetin g  wa s organized and chaired by them , with t heir rules for mee t ing 
condu ct . \ve paid cos t s  (including mee t ing room a t  Pueb lo' Ind ian Cultural 
Cent er , court recorder , and t ranscript of mee t ine ) . Trans crip t s  were 
p rovided to Pueblos  t hrough AIPC.  

5.  Mee t ing on Nat ive Americans Religious Freedom Ac t - June 2 2 ,  1 9 7 9  

.' 
A DOl , O\lashinr;ton , D .  C . ) taskforce ( inclu d ing a DOE Of f ic e  of  Ind ian 
Af fairs representativ e )  held a meet ing on the Na t ive Ame ricans , Rel igious 
Freedom Ac t to get react ions of  Ind ians on t h e  act and how it should be 
imp lement ed .  I a t t ended at the invitat ion of the DOE memb er of  t he Task 
forc e .  
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6 .  Ame ricans for Ind ian Opportunity (AIO) 

Proj ect s ite tou r ,  July 11 , 19 7 9 . Thi s tour was for the AIO Directors . 
Pueb lo represen t a t ion was sparse as  AIO i s  a national  organizat ion 
(Jemez was repre sen ted , and there are pueblo Ind ian s on the AIO s taf f ) . 

7 .  Med i a  Interact ion , Spec ific to Pueblos 

Jan . or Feb . 19 79 - Interview of self and PNM by Pueblo News . 
Augus t 19 79 - Article (at tached re Th e Pueb lo DEI S Heeting ) .  
Augu s t  19 79  - PNH and I appeared on Pueblo ' s  half-hour TV program 

and answered quest ions on GDPP . 

Enclosu re : 
As S tated 

cc : A1 Je1acic , DOE/HQ , w/enc1 . 
Bennie DiBona , DOE/HQ , w/ enc1 . 
Harry Arnold , ORNL, \oJ' / encl . 

Arthur C .  Wilbur 
Proj ect Nanager 
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RES PONSES TO H EA R I NG BOARD S UMMARY 





OBJECTION TO RESTRICTING DEIS TO 50MW (e)  

The DEIS addressed the proposed Federal Ac t ion which by previous 

NEPA in terpretations within DOE consists of  Federal Support by direct 

funding , shared funding , or loan guaranty , and Federal action such as 

licensing of  facilities . In conformance with the spirit o f  NEPA , var ious 

court rulings , and precedents set by previous EIS ' s ,  the pos sible future 

consequences of the federal action were also discussed . For this specific 

proj ect the Federal Act ion is shared funding by DOE which extends only 

f ive years into operation of the 50 MW plant . As a direct consequence 

of a successful demonstrat ion , the chances of increased development in the 

proj ect area are subs tantially greater than with an unsuccessful 

demonstration ,  therefore , the potent ial environmental consequences of 

this enhanced development are delineated in the DEIS . It is not 

possible to perform a detailed analysis of  po tential impacts for future 

plants in Redondo Canyon and Sulfur Canyon unt il a development scenario 

is pos tulated , plant locat ions are identified , and reservoir interactions 

are better known . 

In recognit ion of  the numerous comments with respect to full-scale 

development ,  Sect ions 2 . 5  and 4 . 5  of the DEIS have been expanded in 

the FES to provide a more complete explanat ion of the cumulative effects 

o f  development and the po tential erroneous results from direct 

extrapolation from a 50 MW plant . 

IMPACT ON CULTURAL AND RELIGIOUS VALUES OF NATIVE AMERICANS 

The DEIS recorded the amount of  informat ion availab le to the writers 

regarding rel igious and cultural impacts . As a result of the public 

meet ing with the AIPC and the public hearing on the DEIS there is 

subs tantially more do cumentable information on the subj ect which has 

been summarized in the FES .  

The religious is sue is a cultural and a legal met ter . The legal 

aspect s are be ing addressed by DOE by ident ificat ion of and consultat ion 

with,  Pueblo Religious leaders in accordance with DOE ' s  suggested 

H-4 7  
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p rocedure for carrying out Federal Policy established by the American 

Indian Religious Freedom Act .  

TRANSMISS ION LINE CORRIDOR ANALYSIS 

The impact analysis of t ransmission lines was done in the DEIS on 

the basis of generalized corridors , which is a well established method 

frequently employed by Public Service Company of New Mexico and other 

utilities . At this early s tage in the p roj ect a specific right-of-way 

along a selected corridor has not been identified . As described in 

Section 2 . 2 . 4 . 1  of  the FEIS , r ight�of-way selection s tudies will proceed 

after one of the two proposed routes has been chosen . The right-of-way 

selection and structure p lacement within the corridor will  be based upon 

detailed engineering and environmental s tudies and decided upon in 

consultation with the landowner or land management agencies involved . 

All potential impacts of  construction and operat ion of the 115 kV line 

anywhere within the generalized corridors have been discussed in the 

FEIS ; a f inal r ight-of-way within the selected corridor will b e  chosen 

which will involve the least possib le environmental impac t . 

HYDROLOGY AND WATER QUALITY 

1 .  The arsenic dilution method study for determining the amount o f  

geothermal reservo ir-derived component o f  spring and s treamflow 

was used in the DEIS as a "best available" estimate of flow 

deplet ion result ing from reservoir produc tion . , It was recognized 

by the s taff that the amount o f  leakage from the geothermal 

reservoir determined in this manner would probably be less than 

that actually occurring . It was subsequently determined from a 

s tudy using chlorid e ,  bromide , boron , and lithium ratios that as 

much as 24%  more geothermal outflow was occurring in the Jemes 

River than had been est imated us ing arsenic dilution rat ios . The 

EIS has been modified to reflect the change (Summary , 

Sect ions 3 . 1 . 3 . 2 . 1 ,  3 . 1 . 3 . 2 . 2 ,  and 4 . 2 . 2 . 2 ) . 
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2 .  A recent inventory of  the groundwater and associated surface water 

resources of the Jemez Mountains has been conducted (Trainer , 1978)  

(s ee  Sect ions 3 . 1 . 3 . 2 . 1 and 3 . 1 . 3 . 2 . 2 ) .  

3 .  It was determined that the Jemez River system would be the only one 

potent ially depleted by geothermal reservoir product ion ; therefore , 

other maj or  streams in the region were disregarded . 

4 .  A groundwater monitoring program t o  determine potent ial impacts on 

stream and springf low has been proposed and imp lemented . The program 

is  described in Sections 1 1 . 1 . 1 . 2  and 1 1 . 2 . 2 . 2 .  

5 .  The surface water quality data given in the DEIS were the best avail

ab le , and should be approximately representative (a number of the 

values listed were averages of analyses made on several different 

dates) . As stated in Sect ion 3 . 1 . 3 . 1 . 2  of the DEIS , domestic 

(including drinking) water for larger communities along the Jemez 

River is obtained from wells or springs . The chemical quality of  

groundwater i n  the area is  current ly being determined as part of  the 

proposed hydrologic monitoring program (Sections 11 . 1 . 1 . 2  and 

1 1 . 2 . 2 . 2 . ) . 

6 .  Union proposes to mitigate the effect of  any reductions in the flow 

o f  the Jemez River system caused by the proj ect by abandoning certain 

water right s  of unspecif ied quantity it has obtained for the 

irrigat ion o f  some 54 acres on the river . The DEIS states that 

approximat ely 14 acres will be ret ired as a result of the 50 MWe 

demons trat ion plant , the balance being held for future development 

( see Sect ion 2 . 2 . 5 . 3  and 11 . 1 . 2 . 2 ) . 

NOISE 

The DEIS s tated that the loudest noises of  geothermal development , 

air dri lling and steam vent ing will not occur for this proj ect . This 
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is because those two operat ions are only necessary with a s team resource , 

whereas the Baca resource is predominantly liquid . Futhermore , advances 

in muffling techno logy have made it possible to subs tant ially reduce these 

high no ise levels ( t o  approximately 90  dBA) at places where they are 

necessary, such as at the Geysers field in California . The expected 

construct ion and drilling noises at Baca , as s tated in the DEIS will be 

a maximum of 90 dBA , at 15m ( 5 0  f t ) (DEIS pp . 4-16 ) no t 133 dBA , based 

on measurements and experiences with development of this type of geothermal 

resource . A muffled steam vent such as from a turbine trip , will be 

expected to produce noise leve ls of approximately 9 5  dBA at 15m ( 5 0  ft . )  

for the period of  maximum discharge ( les s than 48  hours , approximately 

2 times per year) . The effects o f  multiple noise sources from full scale 

development will be to add approximately 3 db per identical noise source 

to the amb ient leve l .  

The effects of operational noise were discus sed i n  Sect ion 4 . 2 . 6  

o f  the DEIS . The only known impacts o f  noise are related to human 

perception for which the DEIS states it will be virtually inaudible to 

the nearest humans . It is no t possible to predict the effects of  noise 

on animals nor to separate noise effects from the ef fects of human presence 

(discussed in Sections 4 . 1 . 4  and 4 . 2 . 4  of the DEIS ) . A statement to 

this effect has been added to Sect ion 4 . 2 . 6 .  

SPILLS , ACCIDENTS ,  AND VANDALISM 

The reference to vandalism in the DEIS was intended to show that 

(1)  surface pipe ruptures are inf requent and ( 2 )  the causes of the 

his torical surface ruptures are potentially contro llab le in that deliberate 

acts were involved in several unattended locations . There was no intent 

to forecast that vandalism will cause environmental impacts  at thi s site 

and existing and future access contro l measures o f  the proposed p lant 

should be adequate to keep this probability low . 
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FUTURE PUBLIC OWNERSHIP OF THE BACA RANCH 

The discussion of potential future public ownership of  the Baca 

Locat ion No . 1 has been expanded in the FEIS  to reflect the results of  

a Department of  Interior/National Park Service s tudy of  public acquisit ion 

alt ernat ives for the Valles Caldera/Baca Location No . 1 ,  which was 

received after issuance of the DEI S .  The expanded discussion may be 

found in Sect ions 3 . 1 . 1 . 4  and 4 . 1 . 1  of this FEIS . 

LEGAL ENFORCEMENT OF ENVIRONMENTAL REGULATIONS 

The legal enforcement of environmental regulations arises from two 

potential sources ; (1)  regulatory agenc ies within s tate , local , and 

federal governments that have j urisdiction over environmental effects 

o f  the proposed plant , and ( 2 )  contractual agreements between DOE and 

the commercial p�rtners to provide certain services , design philo sophies , 

and monitoring programs . All lliitigating measures referred to in the 

DEIS represent currently agreed-to proj ect philo sophies , design parameters , 

or performance criteria be tween DOE and the commercial partners and to 

the extent they are b ind ing on the parties , are legally enforceable . 

ALTERNATIVE PLANT DESIGN TO SAVE WATER 

The consumpt ive use of  geo thermal fluid by  the 50 MW power plant is 

approximately 2640 ac . f t / year without allowance for approximately 20% 

downtime per year . However ,  the impact of geo thermal f luid consumpt ion 

on fresh water systems is much less and was estimated in the DEIS 

( Sect ion 4 . 2 . 2 . 2 ) to be slightly more than 16 ac . f t / year (10 gal/min . ) .  

This impact is expected to be widely dis tributed and generally not measur

able to any s ingle set of water users . The commercial partners are 

required by law to obtain and re tl.re water rights equal to the estimated 

consumpt ive use of  fresh water in order to operate the plant . 



H-52 

DRY COOLING TOWERS 

In addition to the higher cap ital and operating cost of dry cooling 

towers ,  the t echnology for application to geothermal power plant s  is at  a 

developmental stage . S ince the paN by which this proj ect was select ed did 

no t require a demonstra tion of water conservative cooling , the cooling 

system proposed by the commercial partner represented a balance of cos t , 

t echnological factor s ,  environmental impact , and water consump t ion among 

the available plant design alternatives . As discussed earlier , the 

analysis of impacts  in the DEIS does no t indicate a potential for 

significant impact from this consumptive use of  water , thereby minimiz ing 

the need to demonstrate dry towers with this proj ect . 
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F E D E RAL AGEN CY COMMENTS AN D RESPONSES 



Advisory 
Council On 
Historic 
Preservation 

1522 K Street NW. 
Washington D.C. 
20005 

September 11 , 1979  

Mr .  Bennie G .  DiBona 
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Division of Geothermal Energy 
U . S . Department of Energy 
Room 3l22C 
Washington, D .C .  20585 

Dear Mr .  DiBona : 

Reply to: P. "J. !\(\�� 1'i�35 
� �ll /�I.·, ,v ... H,)-redo 8&225 

This is  in response to your request of July 11 , 1979 , for comments 
on the draft environmental s tatement (DES) for the proposed 
Geothermal Demonstration Program, �O MWe Power Plant,  Baca Ranch , 
Sandoval and Rio Arriba Counties,  New Mexico . 

Pursuant to its responsibilities under Section 102 (2) (C) of the 
National Environmental Policy Act o f  1969 , the Council has 
determined that this  DES does no t demonstrate compliance with 
Section 106 of the National Historic Preservation Act of 1966 
(16 U . S . C .  Sec . 470f,  as amended , 90 Stat . 1320) . However , on 
August  20,  1979,  the Council received documentation from the 
Department of Energy requesting Council comment pursuan-t to 
Section 106 and the Council ' s  regulations , "Pro tection of 
His toric and Cultural Properties" (36 CFR Part 800) . Upon receipt 
of additional documentation , requested by our letter of September 7 ,  
1979 , we will b e  able to conclude our review and comment on this 
undertaking.  The Council ' s  comments should be included in the 
final environmental statement . 

Should you have any questions , please contact Mrs .  Jane King o f  
the Council ' s  Denver office at P .  O .  Box 25085 , Denver , Colorado 
80225 , telephone number ( 303)  234-4946 , an FTS numb er .  

Sincerely , 
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RESPONSE TO ADVISORY COUNCIL 

ON HISTORIC PRESERVATION COMMENTS 

See Appendix E for DOE ' s  compliance with the Council ' s  

regulat ions , " Protect ion of  Historic and Cultural 

Properties" (36  CFR Part 800) . 



Q"=\ United States � j ; Department of 
�I Agriculture 

Soil 
Conservation 
Service 

Mr . Benn i e  G .  Di Bo na 
U .  S. Depa rtment of En ergy 
D i v i s i o n  of Geotherma l En ergy 
Room 3 1 22C 
Wa s h i ngto n ,  DC 20585 

Dea r Mr . D i Bo na :  
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Box 2007 
"Al buquerque ,  NM 
87 1 03 

CO> 

Augu st 8,  1 979  

Th i s  off i ce recei ved a copy o f  the DES-Geotherma l Demo n s tra t i on Program,  
50  MWe Power P l ant , Ba ca Ranch , Sandova l and Rio  Arr i ba Coun ti es ,  
i�ew Mex i co .  

Our revi ew i n d i cates that the DES presents very adequa te i nforma t i on 
a bout those na tura l resources fo r wh i ch the So i l  Conserva t i o n  Serv i ce 
has  a concern . We do not f i nd tha t the i den t i f i ed resource l o s s es or 
project- i ndu ced i mpa cts wou l d  ha ve great s i g n i fi cance . Proposed m i t i ga t i o n  
techni ques wou l d  fu rther red uce the i mpacts . 

We are not awa re of a d d i t i ona l  resource va l ues  wh i ch wou l d  b e  a ffected 
by the proposed ac t i on s . Th ere a re no So i l  Cons erva t i on Serv i c e  proj ects 
wh i ch wou l d  be a ffected . 

Thank you for the opportu n i ty to rev i ew th i s  proposed proj ect . 

Si ncere l y ,  

A�f/t . rr-
A .  W .  Hame l s trom 
State Cons erva t i on i s t 

No RES PONSE REQUI RED 
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U N I T E D  STATES 
N UC L E A R  R EG U LATO R Y  COM M ISS I O N  

WASH I N G T O N ,  D .  C .  20555 

tlj�' ) Benn i e  G .  D i Bo n a  
U . S .  Departme n t  o f  E n e rgy 
D i v i s i o n  of Geoth e rm a l  E n e rgy 
Room 3 l 2 2 C  
Wash i n g ton .  DC 20585 

Dear Mr . D i Bona : 

AUG 0 7 "" 

Th i s i s i n  re spon s e '  to yo u r  req u e s t  fo r commen t s  on th e D raft E n v i  ro nme n t a  1 
Impact S tatemen t fo r the Geo t h e rm a l  Demo n s t rati on Prog ram 50 MWe Power P l a n t  
a t  B a c a  R an c h . S andoval  a n d  R i o  Arr i b a  Count i e s .  N ew Mex i co .  

We h ave revi ewed the s t ateme n t  and determ i n e d  that the p roposed acti on h a s  no 
s i gn i f i cant rad i o l o g i c a l  h e a l th a n d  s a fe ty i mp a c t  nor w i l l  i t  adve rs e l y  affect 
any acti v i t i e s s u bject to r e gu l at i o n by the N u c l ear R e g u l a tory Commi s s i o n . 
Accord i n g l y .  we h ave no s i gn i f i ca n t  comme n t s '  to mak e .  

rh ank you fo r p rov i d i ng  u s  w i th the '  op portu n i ty to rev i ew t h i  s Draft E n v i  ronmenta 1 
S tateme n t .  

c c :  EPA ( 5 )  

No RES PONSE REQUI RED 

S i ncere l y .  

j /) i �/I I ,  fY -'" . 

" '// .:/ / �. �.� , 'I" '- 1"1 ----(,,1':- /\/. . : \: 
Wm . H .  Regan . � r  • •  Act i n g  As s i s t an t D i rector 

fo r E n v i ronme n t a l  P roj e c t s  & Tech n o l o gy 
D i v i s i on o f  S i te Safety and 

E n v i ronmen t a l  An a l ys i s 
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U N ITED STATES OF A M E R I CA 
G ENERAL SERV I CES AD M I N I STRATION 

JUL , 9 1919 
Mr . B e nn i e  G .  D i B o n a  
D i v i s i o n  o f  G e o t h e r m a l  E n e r g y 
U . S .  D e p a r t me n t  o f  E n e r g y 
R o o m  3 l 2 2 C  
Wa s h i n g t o n , D C  2 0 5 8 5  

D e a r  Mr . D i B o n a : 

Public Buildings Service 
Washington, D.C. 20405 

T h e  G e n e r a l  S e r v i c e s  A d m i n i s t r a t i o n ha s r e v i e we d t h e 

d r a f t  e n v i r o n me n t a l  i mp a c t  s t a t em e n t  f o r  t h e  G e o t h e rma l 

D e mon s t r a t i o n  P r o g r am , 5 0  MWe P o w e r  P l an t , B a c a  Ra n c h , 

S a n d o v a l  a n d  R i o  A r r i b a  C o un t i e s , N e w  Me x i c o , and  h a ve 

n o  s ub s t an t i ve c o mme n t s t o  ma k e . 

T h a n k  y o u  f o r  t h e  o p p o r t un i t y  t o  c o mme n t . 

S i n c e r e l y , 

" 
' /  __ ' ,/1 /_ . ,  /- , . , , ; " , ,___ 

,-. l : I ' x c.{ 
RO B E RT F .  MATTHE I S ' 

'>- -

Ac t i n g  D i r e c t o r  
E n v i ronme n t a l  A f f a i r s  D i v i s i o n  

No RESPONSE REQU I RED 

Keep Freedom in Tour Future With U.S. Savings Bonds 
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OFFICE OF THE S SCF BTARY 
W}.SH:.INGTO;·J, D .C. ' -<,02 :0 

E E - 7 �1 / G S 8  

Mr . B e nn i e  G .  D i B o n a , E 1 - 5 7  
Di v i s ion o f  C�e o the rnu. l E n e rgy 
MS 3 :1_ 2 2 C  
D s p �r tme nt o f  E n e r gy 
W a s h i n � t on , D . C .  2 U 5 8 5  

De Fll' 1' 1r , D i B or: a : 

S E P  1 8 1979 

TIle D e p Clv'crr�2 n ·t of t:he I nt e ri or h a s  re v i e ,  .. ;;ed tIle draf-t 
cn'J ir()n;nen-l:a�I_. s ta t <:-�me n t  for t h e  G e o thermal Demon s t rat i on 
?POp;-cC3.m , B c� C C1_ I\a1 1 C h , S 2n d oval and R i o  Arriha C o ur: t i e s , 
Nev 11ex:i c o  0 \') e h av e  the f o l l O\Jing C Oll c e :CIl S and C OlTlment s .  

Gen e ral 

The Depa.:c'iJDsnt of Eney'gy prop o s e s  -t o c o s t - share Yhe 
c o n s tr u c t i on and o p e r a t i on of a g e otherma l  p owe r p l a n t  
h'i th Un i on G e othermal Comp an y "md Pub l i c S e r v i c e  C OHlp any 
o f  NeT,v lfe z i c o . The prop o s e d  p l an t  i s , l o c a t e d  on the 
Baca Ran ch 1 7  mi le s Fe s t  of Lo s Alamo s , Ne\\1 Mex i c o  an d 
2 0  mile s northwe s t of the h e ad quarter s o f  B ande l i e r  
Nati onal Monument and part ia l ly s urround e d  b y  s e v e r a l  
Ind ian P u e b l o s .  T h e  pro j e c t  i n c lud e s  a 11 5 -kV tran smi s s i on 
line from the p lant to a s u b s t ation n e ar L o s  Alamo s . 

The draft environme n t a l  s t a t emen t  g e n e ra l ly prov ide s 
d e t a i l e d  docume ntation o f  the proj e ct ' s  d ire ct and indire c t  
e n v i ro rlmental imp a c t :::: � many o f  h'hich are acknowl e d g e d  t o  be 
both adver s e  and s ig n i fi cant . However , the d o c ument c on 
t a i n s  a large amount of s it e - sp e c i f i c  a n d  highly t e chn i c a l  
in formation o n  pro j e ct imp ac t s . The s e  n e e d  t o  be brought 
together into summary conc l u s ions on t h e  overall magnitude 
and s ig n i f i cance of the cumu lative in� ac t s  on vari o u s  
comp onent s o f  the r e g ional environment . The draft e n viron 
men t a l  s tatement acknowled g e s that the are a affe c t e d  by 
the prop o s ed ge oth ermal p Oh'erp lant and the a s s o c i ate d 
transmi s s ion corridor a l terna t ive s c o n t a i n s  an e x c e p t i o n a l  
d iver s i ty of nat ional ly s i gn i f ic ant archE o l og i c al , hydro 
l o g i c a l , geo lo g i c a l ,  e c o lo g i c a l , s c en i c and recreat i onal , 
re source s .  The fol lowing mat e r i a l  w i l l  e l aborate OD the s e  
topic s . 
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I n  our role a s  tru s t e e  for the I nd ian p e o p l e  o n  land s under 
the j ur i s d i ction of the Department ' s  Bur e au of I n d ian 
Affair s ( B l,A )  , we hav e tvw ba s i c c on c e r n s . One is -the 
Jeme z Mountain hydr o l o g i c  s y s tem and the . p o s s i ble e f f e c t s  
of the prop o s ed proj e c t  upon wat er ri ght s of Ind ian p e op l.e . 
The other i s  the ex i s tence of I nd i an s a c r e d  are a s  within 
the Baca Ranch le a s e are a .  The draft s t a t ement ind i c a t e s  
the proj e c t  w i l l  wi thdraw about 2 6 6 7  acre - f e e t  p e r  year 
from the geotherma l re s ervo ir . B a s ed on pre v iou s s tu d i e s 
u s ing c e r> tain a s sump t i o n s ,  c a lc u l a t i o n s  s how that thi s 
wou ld produc e approx imat e ly a 1 6  a c re - f o o t  per y e ar reduc 
t ion of J eme z R iver f l o\>J over the l i fe of "the pr o j  c c t . 
Thi s  'is le s s  thcln 1 perc ent of t he J eme z f lo\-7 . VJhi l e  thi s 
i s  a small redu c t io n  there rema i n s  s e r io u s  un certainty 
about it s actual quantity in a r i v e� s y s t em a lre ady f u l l y  
appropriat ed , inc luding unquant i f i e d f ir s t right s  for 
ad j acent I nd i an tr ib e s . 

As reported in supporting d o cument s ,  the e s t imated d i s char g e  
to the J eme z River from the geothe rma l s y s tem i s  b a s ed o n  
the d i lution ratio o f  ar s en i c  in the two wat er s .  
E s s entially , no other data are o f f ered t o  support the 
e s tim�te that 2 6 4  acr e - f e e t  per y e ar i s  the t o t a l  natur a l  
d i s charge from the geotherma l r e s erv o ir . I f  t h i s  f i gure 
is in error , so wou ld be any quant i f ic at ion of the imp ac t 
of the g e otherma l drawd own . 

The d e s cription o f  e f f e c t s  o n  the surface water and ground 
water s y s tem i s  inadequate for the purp o s e  of d e f i n i ng 
depletion o f  the down s tr e a,TIl hydr o l o g i cal s y s tern a s  d e t a i l e d  
be low . 

1 .  Ar s e n i c  i s  an unsuitab l e  ion for u s e  a s  a trac e r . 
Ar s enic i s  natur a l ly l o s t  from wat er s  c o ntaining 
high concentrations by prec ipi tat ion ,- c omp lexing , 
and absorpt ion , par t i c u lar ly upon exp o s ure to the 
atmo spher e .  A reduc t io n  in ar s e n i c  c o n c entrat ion 
d o e s  net ne c e s sarily i mp ly d i lut ion by s ur f a c e  
wat e r s  a s  wa s a s sumed i n  t h e  ap p l i cant ' s  s tud y . 
Chloride and b oron are b e t t er s u it e d  t o  d i lu t i o n  
s tu d i e s  a n d  imp ly about two t o  f o u r  t ime s the 
reported d i s charge ( d ilution rat io s of 0 . 0 2 4  and 
0 . 0 4 re s p e c t i v e l y ) .  
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2 .  The app l i c ant a s s ume s that no g e o t h e rma l water l e a k s  
fr'Orn the c al d e r a  t o  o t h e r  p e r e nn i a l  s t r e am s  b e c au s e  
surface and sha l l ow ground wat e r  f l o w  into t h e  J eme z 
River . Water mov eme n t  c an b e  expe c t e d  t o  d i f fer at 
one-mile d e p t h  fr orn th at at the Elll') fa c e  � and g e o the r'mal 
d i s ch arge into the thick uncon s o l id a te d  s e d iment s and 
into s t Y' c ams on the north c::md e a s t  s i d e s of the J eme z 
Mount a i n s  i s  e v i d e n t  from t he g e ome try o f  t he f low 
s y s t em . D i s ch2r g �� t o  p o i D t  S othel') 'tin T1 the lT em'?c z  R i  v e :c  
i s  not t r e a t e d  i n  'the stream f low dep le t i on c a l c u l a t i,on . 

3 .  D e pr e s suri z a t i on o f  the g e otl� rmal re s ervoir w i l l  amount 
t O , many hund re d s of f e e t . The incre a s ed v e r t i c a l  
grad i e n t , p e rhap s  double d , c ou ld proport i ona l ly in �re a s e  
leakage from the sur face s tr e am s  b a c k  int o 't he grou n d �  
water s y s tem . 

4 .  The SUPp o)�, t i n g  r e p ort o f  g e o the rm a l  d i  s chargf': i s  
re stric t e d  t o  the J eme z River' . A t o 'tal inv e n t ory o f  
s tream s  � spring s ,  and aqu i f e r s  thro u ghout -th e J eme z 
Mount a i n  are a  i s  n e e d e d  to e s t ima t e  add i t iona l f l ow 
tlu"ough the d e e p  c ir c u l a t i on s y s 'tem cmd c o rr e s p o nd ing 
gre a t e r  sur face water lo s s  due to the prop o s e d  
d e v e lop�llent . 

5 .  The s tatement de s cr i be s con s u mp t i v e  u s e  of 2 6 6 7  acre 
f e e t  per year d i s charged to the atmo sphe r e , with 
add i t ional surp l u s  c o nden s at e  b e ing re in j e c t e d  into the 
ge oth e rmal re s ervoir . I t  is apparent that t h e  a l t erna 
t ive p l an o f  o p e r at i on s  u s in g  dry t ower s ,  de s cribed i n  
s e ct i on 9 . 6 . 1 . 2  o f  t he draft , c o u l d  c ap ture a n d  re i n j 8 c t 
all ge othermal water produc e d . The b e n e fi t s  of mai n 
t aining r e s ervo ir pre s sure , minicii z ing £re sh water 
l e akage into the r e s e rvo i r , and reduc ing stre am 
depletion and air quality problems wou ld b e  sub s tant i a l . 

6 .  The c a lcu lat ion of a s chedu l e  of surface wat er d e p l e t ion 
is b a s e d  on a mathemat i c a l  mo d e l  o f  the J eme z R i v e r  and 
it s c onne c t i on to p art of the c a l d e r a . Th� c h ange i n  
pre s s ure in t h e  g e otherma l re s ervoir i s  c al c u l at e d  a s  
inver s e ly propor t i on a l  t o  t he a s sume d p oro s i ty , and the 
redu c t i o n  in f l ow t o  the J eme z Riv e r  i s  c a l c u lated 
ac c ounting for the redu c e d  re s er y o ir pre s sure , the 
appr oximate g e ome try of the Jeme z River s y s t em and an 
original re s ervoir di s charge of 2 6 4  acre -fe e t  per y e ar . 
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The supp ort �ng report l i s t s  the a $ s ump t i o n s  in t hi s 
calculat i on :  

1 .  Geothermal d i s charg e i s  2 6 4  acre� f e e t  per year . Thi s 
v alue i s  b a s ed on the ar senic d i lut i on rat i o  and , a s  
remarke d above , may b e  i n  appre c i a b l e  error . 

2 .  Initial cond i t i on s  are in e qu i l ibr ium . 

3 .  Poro s i ty o f  0 . 1  ( 1 0  percent ) i s  the r e p ort ' s  " be t t er 
e s t imate . II The report acknowle d g e s  tha t r e E m l  t s  are 
s e n s it iv e  to thi s a s sump t ion . The pre s s ur e  d e c l ine 
in the r e s ervoir is more accurat e ly d e s cribE:� d  by the 
s p e c i f i c  s t orage , i . e . , c o e ff i c i e n t  o f  expan s ion o f  
water and rock , rathe r than the p or o s ity . The pre s s ure 
d e c line c a lculated u s ing the a s sumed p oro s ity may be 
in error by a fac tor o f  10 or 1 0 0 ,  with a proport i o n a l  
e ff e c t  of inc r e a s ing t h e  s c he du le a n d  magnitude o f  
s tream flow d ep l e t i o n . 

4 .  Sys tem boundar ie s are re s tr i c t iv e ly a s sume d . L o s s e s  
from 8 0  percent o f  the cald era rim are i gnor e d . 

5 .  Joint and fau l t  c ontrol i s  a s s umed ne g l i g i b l e . 

6 .  The e ffe c t s  o f  S O U o F .  wat e r  o n  pre s sure s and hydrau l i c  
c ondu c t iv i ty i s  ne g le ct e d . I f  thi s f ac t or were treat e d  
in the f l ow c a lculat i on , then w�l l  wat e r  l e v e l s  s hould 
be redu c e d  t o  8 0  percent o f  the hei g ht above t he open 
int erv a l  ( reduced a s  mu ch a s  1 , 0 0 0  f e e t ) , and watel' 
f low wou ld be incre a s e d  about 8 t ime s due t o  a 
reduc tion in v i s c o s ity . 

U s e  o f  the above a s s ump t i on s  i s  i n d i c ative o f  the 
i n s e n s itivity o f  the an aly s i s  and limitat ion s on ac curacy 
introduced in the c a lcu lation of s tream f lo w  d e p l e t i on . 
The draft s tatement acknowl e d g e s  that I I  • • • the to t a l  
reduc tion i n  groundwater out f l ow . . .  r e s u lt i n g  from r e s ervo ir 
drawd own is not known at thi s t ime . "  B e c au s e  of thi s 
unc ertainty and the p o s s ib i l i ty that s er i o u s  impac t s  t o  
t h e  surface water f low c o u l d  re s u lt from the pr o j e ct , w e  
r e c ommend a more c omp l e t e  s tudy o f  t h e  e n t ir e  c a ldera . 
Such a s tudy s hould s e e k  t o  minimi z e  the r e l i anc e o n  
a s s umpt ions and s hould v i e w  the hydro l ogy o f  t h e  J eme z 
Mount ain s and the c a ld era a s  an inte grat e d  unit . 
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The stateme n t  de s cribe s an a l t ernative dry t ower c oo l ing 
s y s t e� t h a t  � l imi na t� s  c on s ump t ive wat e r  l o s s .  The D e pa � t 
men t o f  E�crgy i s  urged t o  a l l o c a t e  part o f  the c o s t s  of 
the proj e c t t o  a n o n c on sump t i v e  dry t6wer c o o l i n g  s y s t em 
for th i s d emon s tration and a s  a pre c e d en t for future g e o 
the rmal p lan t s  i n  th e arid We s t .  

lI S the d r a f t  s "t e. teme nt r e cogni z e s  on p a g e  3 - 8 0 , i�he re a:re 
nUii1er O LJ  s a c t i v e  I n d i  an I'e l i g iou s s it e s  within the le a s e  
ar e 2. . Con s ider ir"g t h e  re spon s i b i l ity p l a c e d  upon the 
D e p a rtruent of Energy by the Ame r i can Re l i g i ou s Fr e e dom 
A c t  of 1 9 7 8  ( P . L . 9 5 - 3 4 1 ) , we c o n s id e r  the D epartment o f " 
Energy trea tment of th i s  c o n c ern t o  be inadequate . T h e  
s tatement 1 1  • • •  it h a s  b e e n  s u g g e s t e d  t h a t  the r e l i g i o u s 
s i gni f i canc e of the are a  s hould be c a r e f u l l y  c o n s i d e r e d  
i n  all future p l an s . , . ! 1  fai l s  t o  s at i s fy the D e partment o f  
Energy I s re spon s ib i l i t ie s i n  thi s are a . 1'-lore exp l i c i t ly , 
we b e l i e v e  that s u ch c o n s i d eration i s  mand ated by the 
leg i s lation . 

Ad d it ional ly , we n o t e  that s ome nomina t io n s  
Re gi ster o f  Hi s t or i c  P la c e s  are s u g g e s te d . 
that , if the con s e nt of the tribe s h o l d ing 
s ac r e d  i s  re c e ived � t hat the Departmen t  o f  
the s it e s . 

t o  the Nat ional 
We r e c ommend 

the are a s  
E n e p g y  nominat e 

In r e gard to the prop o s e d  transmi s s ion l i n e  c orridor s ,  w e  
v i e w  a s  unac c ep tab le

-
the pro j e c t e d  im�ac t s  o f  t h e  s o uthern 

tran smi s s ion c orridor on B and e l ier Nati onal Monume nt . 
Thi s tran smi s s ion rout e would have s ig n i f i cant adv er s e  
impact s o n  the natur a l , s c enic , and r e c re ational v a lue s 
o f  the monument . W e  r e c o gni z e  that the a f f e c t e d  are a i s  

sub j e c t  to a le a s e ho ld for g e o thermal d e v e l opment , wh i c h  
encomp a s s e s  u s e  o f  the sur face e s tate for r e a s onab le 
purp o s e s  a s s o c iat e d  wi t h  produc t ion . I n  v i e w  o f  the f a c t  
that the dr aft env ir onment a l  s tatement provid e s c onv i n c i n g  
ev i d e n c e  that a s hort e r , more envir onmenta l l y  c ompat i b le 
tran smi s s ion corr id or through the B a c a  Ranch (not 
inVOlving monument land s )  is available , we b e l i e v e  t hat 
use of monument land s for transmi s s ion purp o s e s  d o e s not 
c o n s t itute a r e a s onab le u s e . W e  there fore wi l l  not 
au tho r i z e  u s e  of the monument for this purp o s e  and re com
men d  that further c o n s ideration of this a lt ernative be 
abandone d . 
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The Departme nt ' s  Nat i onal P ark S e r v i c e  C N P S ) and the S t a t e  
of Ne� Mex i c o  have c omp le t e d  a S tudy o f  A l ternat i v e s for 
the cald er:S1 . Thi s s·t u d y  e v a l u at e s the area ' s  re s our c e s , 
id e ntif i e s ex i s ting and p o t e n t i a l  thr e a t s  t o  the i r  int e g r i ty , 
and a s s e s s e s  the c o n s e qu e n c e s  and e f fe c t iv e ne s s  o f  a l te r n a 
t i v e  s trat e g ie s f or the i r  prote c t i on , U S E: , a n d  m an a g ement . 

Au thor i z ed by S e c t ion 8 o f  the G e ne r a l  Author'i t i e s A c t  o f  
O c t ober 7 ,  1 9 7 6  ( 9 0 S t at . 1 9 4 0 ) , t h e  s t ud y  w i l l  s e r v e  a s  a 
maj or in forr:1a t i  ona l docuin e n t  for u s e  i n  C o n gre s s j  o n a l  
d e l iberat i o n s  o n  p o s s ib le fU Tur e f e d e:o a l  l e g i s l at i on t o  
fac i l it at e  t h e  are a. ' s p::.'o-t e c -t ion and man a g emen-t . 

A lthough Th e s tu d y  i s  pr e liminary and ha s n o t  ye t b e e n  
r e v i ewed and appr ov e d by t he S e c re tary o f  t h e  I n t e r i or , w e  
b e l i eve that� i t  f irml y  under s c ore s t he ne e d  f or PY' o t:0 c t i o n  
of the are a 5 and prov i d e s a ba s i s  for e f f e c t i v e  act i on , 
whether at the S t a t e  or Fe d e r a l l e v e l . The a l ternat i v e  of 
N P S  acqu i s i t ion and manag ement i s  inc l ud e d  a n d  a s s e s s e d  iT! 
the s tudy . Al though vIe c anno·t p re d i c t  the futun,� p o s i-t i on 
of t he Admini s tr a t i o n  or t h e  nature o f  p o s s i b l e  future 
C ongr e s s iona l a c t i o n , 'ide r e g ard thi s a :>.:' e o.  as a p ot e n t i a l  
futu l'e u n i t  of t h e  N a t i o n a l  Pa r]\. S y s t:em . Un-t i l  t h e  C r,;)'lg:ce s s  
acts , we c annot support any Fe� era l a c t ion wh i � ] l  c ou l d  
c omp rom i s e  the exi s t i n g  value of the area ' s  natur a l  e c o 
s y s tems o r  it s p o t e nt i a l  value f o r  p u b l i c  u s e  and e n j oyment . 

From a f i sh a.nd vli ld l i f e re s our c e  v ie w p o int , tlJ e  cl o cume L t  
re c ogni z e s  p o t ent i a l  e f f e ct s o f  the p r o :l e c -t on the ha b i t a t  
o f  R o c k y  Mount ain e lk an d t h e  S tate e n d angered J e me z  
Mou nt a i n s  s a lamand er . Ir ldications ar e ma d e  tha-t c o n s true ,
t i on ac t i v i t i e s w i l l  b 2  e o ord ina't e d  H i t ] 1  b i O lo g i s t s  f p om 
the U . S .  Fore s t  S e rv ic e  and New Mex i c o  D e p artment o f  Game 
and F i s h  to minimi z e  imp a c t s  on t he s e  two s p e c i e s . We 
urge that t h i s c oord ina t i on be c ar r i e d  out . 

I n  ad d i t i on to the abov e c omme n t s  on the p r e f e rr e d  tran s -
mi s s ion c OI'r idor ,  we a l s o  r e c ommend tha't -the B ac a  rout e 
b e  u s ed to r ed u c e  f i sh and w i ld l i fe imp a c t s w i t h  the 
s t ipu lat ion that con s tr u c t i o n  t h r o u g h  e l k  c a lv ing ground s 
n o t  b e  c ar r i e d  out dur i ng c a lv i n g  s e a s on . 
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We n o t e  that the D e partment o f  E n e r g y  r e c e i v e d  o n ly two 
prop o [-; C; Is in r e sp on s e t o  it s .i n i t i a 1  Pl" O r, I' .J.J:i O p p o l' tuni ty 
No t i c (,; of S e p t eJ:ib c r  } 9 7 7 . He be l i e v e  'that , j. n v i e '>'] o f  tl1 e 
s tr e n g t h e n e d  gove rnm e n L: l. l  support o f  0. 1  t e:(' n C l t i  v c.  e n c !'gy 
s our c i.' d e v e l opr:tc:: n t  s in c e  t hat t im e , a r e ej d v e r t i s ern cn't n o �v 
wou l d  g e nera t e  c o n s i d e r a b ly more i n t ere s t  thall  i t  d i d  two 
ye a r s  ago . We s trong l y  s �p p o r t

.
t h � s a l ter� a t i v e

.
( p . 9 - 4 } 

and I'E: c om:nend tlia t D OE g J. v e  pr' :L O r .l, t y  o o n c� l d eI'd t l on t o  
q u c: l i fy i n g  ppop o s a l s  not u s 5_ n g  o r  hav ing s i gIl i f i o an t: 
imp cl.c t s  upon e;d s oL i n g  u ni t s o f  the Nat i ona. J  Park S y s tem , 
the Nat i o n a l  TJ:'ii i l s  S y s t e)Tl , t1; 8 \'! i l d  and S c c:n. ic R i v e r s 
S y s tem , or' ar e a s  under s t u d y  for' p u t e n t i a l  LlC l u s i on in 
one o f  the s e  s y s tems or any oth2:r> e c o l o g i c D. l ly s e n s i LL \Te 
ar c. c:l. • 

Pag e 2 - 1 . A map show ing the r e l a t i on s hip b e t we e n  t he 
topog1'-c;.p-hy , the propo s e d  p O'i"leI'plant s i t e , f i e l d  d ev e l op 
men t , and tl'ansrr..i s s i o n  l ine; should b e  inc l u d e d . 

Page 2 - 8 , l a s t  p aragrap h .  T h e  d e s crip t ion re l at in g t o  the 
cons truc'tlon-Of --rie;\·i-ch' i: l l  s i t e s i s  c o n fu s i ng . \'1 i l l  a n  
ex i s t ing d r i l l  p a d  for a produ c in g f i e l d  w i t h  tllr c e  or 
four we l l s  b e  e nl arg e d by 1 / 4  a 0 1' e  for a r e p l a c eme nt wel l , 
01' lvi l l  a neY] dri 1 l  s i t e  Uj '! acre in s i z e ) be c on s t n,w t e d  
with a n  add it iona l  2 to 6 ac re s of minor s u r fa c e  d i s tur ban c e ? 
I f  a new w e l l  s it e i s  d eve l op e d , the 2 to 6 - ac1'e f i gu r e  
wou l d  proba b l y  b e  appropr� a t e . Thi s 2 t o  6 -a c 1' e  s urface 
d i s turbanc e per we l l  pad i s  s i gn i f i c ant when a l l  o f  the 
powerp�ant we l l  s i t e s  are c on s id ere d t o g e t h e r . T h i s  p a r a 
graph s hould b e  rewritten t o  c l a r i fy t h e  are a t hat wo u 1 d  
b e  d i s tur'bed . 

Page 2 - 1 8 , p a1'agraph 1 .  We und e r s tand t h at t he Pub l i c  
S ervic e C omp any o f  New Mex i c o  i s  pr e s e n t l y  c o n s i d e r i n g  
alternat ive transmi s s ion tower d e s i gn s t o  r e du c e  impa c t s 
on the vi s u a l  environment . The f i n a l  s tatement s hou l d  
d e s cr i b e  and il lu s tr a t e  the d e s ign or d e s i g n s  a d opt e d , a s  
we l l  a s  the impact s p e c u l i ar ther e t o . 

Pag e 2 - 1 8 . Map i s  i l l e g i bl e . S omewhere in the f i n a l  
s t at ement , a map on a topographic b a s e  s h o w i n g  pr e c i s e  
c orr idor a l i gnme n t s  and i d e n t i fying a l l  imp ortant p o l i t i c a l , 
natural , and other f e atur e s  should b e  pr o v i d e d . 
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P a ge 2 - 2 0 ,  paI'agraph 1 .  I t  wou ld b e  he lpfu l t o  ind ic ate what 
"visuarcoIlSlde-ratio n s " would r e qu ir e  t he u s e  of l ong l ine 
s p an s . 

P a g e  2 - 2 0 , paragraph 1 .  The ba s i s  for - s e le c t ion o f  a 1 0 0 -
foot--wide'-}�-ighE":-of - v;ray s hould be ind icated . A more nar'row 
corridor for ma intaining the 2 9 ·· foot wide tran sm i s s ion tot,!er s 
wou l d  s eem p o s s ib l e . 

Page 2 - 2 1 , paragraph 3 .  Although the r e p o r- t  s ta -t e s  tha t  an 
aCC-llrat e e's-rJ':Jilate-oI--:fhe area that wou ld b e  d i s turb e d  by 
transmi s s ion l ine s and tower s is not av a i lable , e s t i mate s 
shou ld b e  u s ed t o  provide s ome und e r s tand ing o f  the t ot a l  
area that wou ld b e  d i s turbe d  b y  t h e  p r o j e c t . 

Page 2 - 2 2 , paragraph 1 ,  l i ne 1 2 . A c OIDnl itment t o  u s e  
hell0Opter�n-l�ne s -iringing to the gre at e st extent p o s s ib le 
s ho u ld be inc lu d e d  a s  a mit i g a t ion mea sure . 

Page 2 - 2 5 � paragraph 3 .  Character i ze the " S te t ford p r oc e s s  
lhild s .T!-Tf-vmu ld, Dev ery he lpfu l t o  pr'ov i d e  a g l o s s ar y  o f  
term s  at the end o f  thi s document t o  prov id e d e f i n i t i o n s  
f o p  t h e  many t e ch n i c a l  terms u s ed . F o r  examp l e , t he d i s 
tinction between " v ap or " and " dr i f t "  i s  not apparent i n  t h e  
text . 

Page 2 - 2 7 , paragraph 3 .  The r e a s o n  for the prop o s e d  with 
dr a-weil of 'Trrig",.-fed c rop l a nd shou ld be s ta-t e d  c le ar l y . 
I t  app e ar s  that it i s  intended t o  off s e t the 2 7  p e r c e nt 
l o s s  o f  geo therma l f l u i d  from the r e s erV O l r .  

Page 2 - 2 8 , p aragr�£� . The t ext s hou l d  affirm a c ommitment 
t o  remov e the plant and a s s oc iated s truc ture s ,  as we l l  a s  
a l l  transmi s s i on fac i l i t i e s ,  and t o  re s t or e  a l l  d i s turb e d  
are a s  a s  part of d e commi s s ioning o f  the p l ant . I t  i s  not 
c le ar from the text whe ther the intent is to remove all 
s truc ture s .  

Page 2 - 2 9 , p aragr ap h 3 .  The report ind icate s that f u l l  
fie l d  d e v e l opment ( 4 0 0  M\V ) wou ld r e qu ir' e abo�t 6 , 0 0 0  acre s . 
O f  thi s 6 , 0 0 0  acre s ,  1 0  percent would be d i s turbed . U s ing 
the d at a  prov ided in s e c t ion 2 ,  we n o t e  that the 5 0  MWe 
pro j e c t  would rece ive a 2 0  percent d i s turbance . Ther e fore , 
the 1 0  perc ent d i s turbance factor s tat e d  o n  thi s p a g e  for 
total are a d i s tur bed by deve lopmen t  i s  mi s l ead ing . Thi s 
f igure should b e  changed t o  1 5  t o  2 0  p e r c ent , which more 
accurate l y  d e scribe s the totai surface d i s turbanc e imp ac t 
f or the life of the pro j e c t . 
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Page '/.' - 2  0 � f i gure 2 . 1 2 .  The symbo l s u s e d  fop d e p i c t ing 
e��p"�CcI�-i::"fo��y an(r-c-;u�ipendecI �ve l l s  ar e t he s ame . T hp e e  wel l s  
o n  t h e  m�p have a s ymbol whi ch i s  not i d en t if ie d . Thi s 
shou ld b e  r e c h e c. ke d . 

P d g C  3 - 1 4  to 3 - 2 1 . The s e c t i on on g e o lo g y  s hou J.d inc lu d e  
y.e:fc !:'ei1c�·e=to-BdTIey , R .  A .  , Smith , R .  C .  5 and Ro s s , C .  S .  , 
1 9 6 9 ,  S tr a t i graphic nomenc latur e o f  vo l c a n i c  r o c k s  in the 
J eme z Mount a i n s , New Mex ic o : U . S .  G e o l o g i c a l  Surv ey 
Bul J e t i n  1 2 7  Lt -P , and by the same a utho:c' s , 1 9  '/ 0 ,  G e o l o g i c 
map s o f  thE.:: lJ eme z, Mountu i n s , NevJ Hexic o : Mi s ce l l an e o u s  
I nv e s ti g a t i o n s  S er i e S  1 - 5 7 1 . The s e  a r e  the c la s s i c  worle s 
on the g e o logy of the area . 

Page 3 - 1 9 � l ine s 1 - 2 .  
a ome-�-" ---------"---"-

Redon d o  P e ak 1" C' ,:;) not a rhyo l i t e  

P a g e  3 - 2 2 , J. ine 1 9 . vJhat i s  meant: b y  H r i ng gr aben 
frac -ell:;::; e Z,"'{H --------.. 

Pag E: S 3 - 1 : 8 and 3 - 5 1 .  The qu a lity of s h a l lo�7 gi'oundwa t e r  rappai'8n-fJ�T-WIT:;-ri--r;ef(�I)ence to t h e  a l luv ium a n d  terrace 
d ep o s i t s )  i s  d i s c u s s e d . However , w e  f i n d  no s p e c i f i c 
information on the qu a l ity of gr ou n dw at er i n  the pr imary 
c onf i ne d  aquifer of the Va l l e s Ca ld c J ' a , the pumi c e o u s  sand and grav e l  c a ldera f i l l . The pre s e nt qua l i t y  o f  
Hat e r  i n  th.e pr imar y aqui fer at d ep t h  ( s e e p .  3 - 5 0 )  may 
be s ignifi cant for sub s e quent impa c t  a s s e s sment . Pre s ent 
and future data on the water qua lity of the pr imary 
aqu ifer may a l s o  prove to be v a l u a b l e  in eva luat ing 
hydrau l i c  re lat ion ship s b e twe en the d e e p  g e o thermal s y s tem 
and the primary aqu i fer . The s tatement should ind i c at e  
vJhe ther the HateI' in t h e  pr imary aqu i f er i s  be ing s amp l e d  
dur ing d r i l l i ng t o  prov ide knowle d g e  o f  ba s e line c on d i 
tions . Indir e c t  evidence fr om geophy s i c a l  we l l  l o g s  may 
be u s e fu l  if no other data are ava i lable . 

Page 3 - 5� .  I t  i s  s tate d  that the g e othe rma l re s ervoir 
c on s i s t s  o f  fractured vo lcanic and und er lying s e d imentary 
rock s . I t  is a l s o  s ugge s ted that s oluti oning of l ime 
s tone s o f  the d OHndr opped c a l d era inter ior may have 
developed por o s ity and permeabi lity . H a s  d r i l l in g  t o  
date indicated whe ther the pe rme abil i ty a n d  poro s ity o f  
the g e o therma l re s erv o ir are t h e  re s u lt o f  d i screte , 
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s c a ttefc d , rather wid e ly s e p arated frac tur e s , a s  s u gg e s t e d 
by f i gure 3 . 1 0 ( p . 3 - 2 5 ) ,  or i s  the g e otherma l re s ervo ir 
apparently" ln a h i S h ly shat tered z one ? Has an y e v id en ce 
o f  s o lut i on in g be�n found thu s far ? I n fbrmat ion of thi s 
type wou l d  improve the s tatement an d a id in imp a c t  
a s.s e s sm e n t . 

Page 3 - 5 3 . I t  i s  s tated that ground wd-t er from t he V il l le s  
Ca rd er.�--aq u i f e r s  l'"'c charg e s  t h e  g e o t herJila. l  s y s t em at dep-th 
by leakage throu g h confin ing laye r s  such a s the a lt e r e d 
c aprock: and by p e r c olat i c m  dChfmv(:lx'd thc o1._: 3 h  j o in t s , 
frac tu�' e s ,  B_nd fau l t  zo ne s . P.echar r; e  i s  s ai d -to mov e 
both do�·:rwlard a nd l a t:er a l l y . A s  d e v e l opme nt o f  i�he g e o 
therma l r e s ervoiy' prog:c e s s e s , n e t  d e c l ine s i n  1 1yclr'au l i c  
he a d wi J. l probably o c cur- - d e s p i t e  s om e  r e c ov ery fr om 
r e inj e ct ion . Pr e sumab l y , the re s u l t a n t  incre a s ed hydrau l i c 
gra d i l'mt dovmward f r om the pr imary a qu i f e r'  vli l l  ac c e l er a t e  
the mov ement of re char g e  fro� the p r imary aqu i f er , the 
caldera f i ll . W i l l  not i c e ab le e f f e c t s  on the t empe r at ur e  
a n d  qua l i fy of t h e  g e otherma l f lu id s b e  exp e c t e d ?  

Pag e 3 - 5 5 , par agr 2 ph 1 .  Are the we l l s a n d  spr ing s 1 n  t he 
V a lTe s- CaI2c::"ra re2�;_ on--pr i v a t e l y  owne d ?  Hhat p e r c ent o f  
th e ava i l a b J.c water h a s  a lr e ady b e en a l l ocated for l iv e 
s t ock: and d ome s t i c  sup p l ie s ?  

Page 3 · · 7  S � paragl") n.ph 3 .  Rev i s e  t o  d e l e -t e  the i:rrtp l i c a t i o n  
theiE the -col'rITc3"r - tll y;ou g h  Bc :md e l ie r i s  " pr op o s ed . I I  The 
corr'idor i s  one of two a l te rnat iv e s g iv e n  d e t a i l e d  
a s s e s smen t . 

Page 3 - 7 9 and 3 - 8 0 . S e c t io n 3 . 1 . 6 . 2 ' r e fer s t o  an 
arche o lo g ic a l sur v e y  that \va s  c arr i ed o u t  on the s it e  
o f  the prop o s e d  gene r at ing p l ant . I f  ar che o lo g ic a l 
s it e s  were re c ord e d , t he r e  should be i nf o rmat ion r e g ar di n g 
the natur e and s i g n i f i c ance o f the s it e s  and the e f f e c t  
o f  the pr o j e c t  o n  such s it e s .  I f  the pr o j e c t  w i l l  
adver s e ly a f f e c t  s i gn i f icant ar che o lo g i c a l re s ource s ,  
there shou ld be a p lan o f  ac t i on c i t e d  t o  mi t i g at e  th i s  
e f f e c t . C ontr'a c t  s pe c if i c a t i o n s  s h o u l d  inc lud e a s en t e n c e  
t o  t h e  e ffec t that i f a n y  arche o l o g i c a l  re s our c e s ar e 
encountered during c o n s truct i o n , operat ion s w i l l  c e a s e  
a t  the d i s c ov ery s ite and a pr o f e s s io n a l  ar c h e o l o g i s t  
wi l l  b e  c on su lt e d  a s  t o  the s i gn i f ic a n c e  o f  the ma t er i a l . 
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Pa2: e  ? - 9 2 � S e c t ion 3 . 1 , � , \'Je be J.:i.(�ve t l'l 2.t i d s n i: i f:1. c a t :j.() D 

oT -'i :r-�::ij.a�1.- r'(�·:; c;ui�c(;s--011(1--c:, n � 1y s i �; o f  v :i.  [; u ".:. 1  qu a l i t y  iii,,:;" : '  c t ::; 
shou. l d  b e  c o n c11) c t e d  i n  c O j l s i d cl',::', t i ol! o f  t l l P  po s s i l; l c  
f u t Lr . ' o p e n i ll [,  o f  t h e  c (' <1 ( l (�ra "t o p u b l :i. c  e c1 l�cc t i o n c� l , 
int E·�'p :l '2 ·t i v e , and r e c r' e c� t i o n a l  tl S C E ; . '.1'11 0  p o t e n t i a l  v i suCll 
ilil}l 3 c t S  o f  t Ji c' i n i t i a l  p r o j  ect � a n d  the p o : ; s i b l c  :f 1.1 CUl' C 
exp a n s io n  o f  g e o t Jl e l"TDc.<- }  d c� v e l ()pT1J:' l; t: I'Ji t h ::.L ·th e  c a J d  e:c c:: , 
o n  t1; 0 s u it:a.b i l i  ty o f  the e nt i J'(C. d r e a  fol' p u b l i c  u s c  and 
e J l j  0y; cl!;Jl t :;. s a maj or C O J1 C C j"n � \}}i :;. c h '�8 fC 0 J  ha s b t:,: c n 
in� d � qu a t c ly addr e s s e d . 

P a g E: 3 ·· 1 0 1.r � S �� c t io Tl 3 ,  �I < :; .  The s o i l s  d a t a  on nllm D8l' S and pe'i:-7(�-(:-l iEa'ge-o'i "'-3 oIY-iI,i::i Fi�'-=-n2: un i h; s 110'l� l c1  b e  pr' e  s en:: e d in 
tho G �ne fa s h i on for e ach o f  the c orrid or s � o  e n a b l e  ea s y  
c om p ari s on o f  t h e  t w o  c o�r id or s . T he d i s t i nc t i on b e twe en 
" e l" "O· ·-l '; l.D J' J .:' i ']' c c:  " ! t s e n �' J' "t- -J' ' ' I' +y 1" ;' t .:' n " s  I f Cl l" d  I l e r cl c' l' Cll"  . "  '-"" . .  l .  � _ .J_ - , \.,... .. � , C) _ _ .  _ V .  L ..... .1. _t. �"l ' ..... .. ... .. ::> •. 1 

p o t e fl t i a J. , If i f  artY , s ho u l d  be C I 2,1" i f i �; d . I f  p o s  s i b l e , 
the l ine d i s tance of e ach c orridor throu s h  B o i l s  o f  e a c h  
s e n s i t i v i ty r a t i n g  shculd b e  i n d i c c.: t o d . 

D 3. 0' C  '-j "1 8 S e '"' t i or 4 2  ( C -"le1 ":1 1 C �'Tn e � t \ "' 11e aro � J H c.: '; C =-C_.'�.'-:._ .� __ ' __ :,:�_, _.� . .......: :: _ _  � . .:...:. ___ �_ �. _. _____ 2.::: __ �� . .  ::.:..:� _ .:_:::-�_j_ �i'-:''':_·�:._f.!_ _ .L .!. � J. d. _ .. ) L_' � w 

Shb � l� . ln c lu d e
.

s ?me di sc�3 �i?n o f  the lmp � c t s  o f . p ro j e c t 
operd T l on on V l s l t or a c t l v l t l e s  and exp e r l e nc e s 1n the 
pro j e e l: ar e a , p Cl. I't i cu la.rly in i:he V a l le s C a ldera s hou ld 
th i s  a r e a  b e  jT;a d e  avc>j. l:: b l �  for- pu b l i c  u s e . Pro j e c"t . .  

indu c e d  chang e s  i : � air qu a l ity , n o i s e , and the v i s ua l 
enviPOIm.ent Vl� i c h  may affec t i:he s u i t ab i l :Lty o f  p or"t i. o n s  
o f  t h e  are a  f or vap i ou s  k in d s of re c r e a t i ona l a c t i v i t ie s 
( p a r t i c u lar ly pr imit i v e  c wnp ing � h i k i n g , and s imi lar 
pur sui t s ) shou ld be e v aluate d . 

P a g e  4 - 1 9  f f . , S e c t i o n  4 . 2 . 2 . The mar g i n  o f  error i n  
th-ecalculat i o n s  of p r o j e c t - i nduc e d  c hang e s i n  s ur fac e 
wat e r f lOW , gr oundwat er re s erv o ir drawd oVln and ground 
water qu a l ity s hou ld be i n d i c a t e d .  Th i s  i nforma t i o n  i s 
n e e d e d  to ind i c a t e  the amount of c on f i d e nc e  wh ich s houl d 
be p l a c e d  i n  the hi g h ly d e t a i l e d  t e c hn i c al ana ly s i s . 

Pag� 
__ :!...:l2". Ther e i s  re fe:r' e n c e  to the max imum g e o the Y'Ilfa l 

re S e rVO lI' " dra�vdo\Vn . "  Doe s t h i s  i n d e e d  l"e for to t o t a l 
amount withdr awn , or ha s s ome r e f e r e n c e  to hydraulic 
be�av ior re s u lt ing from the wit h drawal b e e n  omit t e d ?  
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P a g e  4 - 3 4 , para�raph 1 .  A c ompar i s o n  o f  t h e  c o n s t ituent s 
of'-:-fLe cJiT:(:C- arlT--nat"ura l s a lt d e p o s i t i o n  wou ld be h e lp fu l .  
I t  wo u l d  s e em that there i s  at le a s t  the p o tent i a l  for 
acculTlu J. a.tion o f  trac e e l emen t s  t o  -to x i c  l ev e l s in e c olog i c a l  
c ommu nitie s ne cL( ' the p lant . The p o s s ib i l i  ty h a s  been 
r e c o gn i z ed for b oron ; oth er po tent i a l  p r o b lem e l ement s 
shou ld b e  id e n t i f i e d . 

Page 11 .- 4 :2 ,  p ar d f',raph 3 .  The s t at e m e n t  s h ou ld i n d i c a t (; 
whe:t ;- {T--any�--act lon--wo u ld b e  taken t o  minimi z e  l ong - t e:r'm 
impac t s  on groundwat er qua l i t y  in the e v e n t  of a c � s i ng 
rupture within an aqu i fe r . 

Pe,ge 1+ - - 5 6  ff . The a na l y s i s  emp h a ::; i z e :::; v i s i b i l i ty o f  the 
tr-;an sni"lS-s-io-n c O C'l) :i dor s fr'cn, e x i s t inz pub l ic u s e  are a s , 
such a s  r o ad s ,  the Paj arito s k i  ar e a , and the La s C oncha s  
c amp gr'onnd . vJe be l ie v e  it i s  a l s o  imp ortant t o  a s s e s s  
v i s ib i l i t y  from p o t ent ia l  vantage p o int s within the C a l d er a , 
such a s  Red ond o  P e ak , and the e f fe c t s  o f  any imp airment i n  
v i ew s  on the s u i t a b i l ity o f  the are a for p u b l i c  u s e . 

Page 4 - 6 4 .  I t  would be u s e fu l  t o  i n c lud e a map s howing 
thep-O:�f�-rl-t i a l  L� 0 O -f'j}J aX"'e a . 

P o  l c- f f  B d t] 1 l '  . d d . 1-3g_� __ ::..=:  _ _  ,:.... _ _  ..:::. . 
a s e  on - 1e g e nera ana y S J_ S  pr o v l  e , :.t-c. 

a p p e a � s  that d e v e l opment of known geo therma l re s ourc e  ar e a s  
i n  the Imper ia l V a l ley o f  C a l i forn ia , t h e  nort h e a s t ern 
E sca_larrtp De s er -t of Uta]-, ._ and in noy, thern and c entral 
Nevada might b e  ac c omp l i shed with s u b s tant i a l ly le s s  
env ironmental imp cl C t  than i n  the V a l l e s C a lder a . A r' e 
adv e r t i s ement o f  the Program O p p or tun i ty N o t i c e , g i v e n  
t h e  he i ghtened empha s i s  on a lterna t i v e  energy s our c e s  
pre s e n t  today , m ig ht we l l  g enerate pr o p o s a l s  for t he s e  
and perha p s othe r are a s . I f  s e l e c ted i n  l i eu o f  the 
Baca Ran ch s it e , t h e  r e d e p loyment of f u nd s would d e la y  
deve lopment o f  t h e  V a l l e s C a ld er a , a n d  a l l ow t h e  C o ngre s s  
t ime to d e termine the future Federa l r o le in it s mana ge 
ment b e f ore the al" e a  i s  c ommi t t e d  t o  a s i gn i f i c ant 
in ten s i f i cation o f  ind u s t r i a l  u s e . We b e l i e v e  t h i s  
c o ur s e  of a c tion i s  i n  the bro ad e s t  public int er e s t . 

Page 9 - 2 4 , S e c t i on 9 . 7 .  W e  und e r s tand t ha t  the San Y s i d r o  
tran smi� s io n  c orridor -a lternat ive s were d i s c ard ed , a t  
l e a s t  i n  part , b e c au s e  t h e  c o s t  o f  a d d i tional transmi s s io n  
l ine and a s s oc iated f ac i l i t ie s wou l d  hav e c au s e d  t o t a l  
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PY'oj e ct� c o �:> ·t t o  s u b s t ':'.-l t i (cl l ly e x c e e d  thf� CJ.vai l ab le fund i n g . 
He he lieve -t:Lat t he s e  a l  t e r n 2. t :L 'l e s  vlou l d  [,;::.') e a  t 1y r e d u c e  the 
J e v e l  of imp 2 c t  on t h e  n 2 t iona l l y  s i g n i f i c ant re s o ur c e s  of 
th,� V Cl l l e E, C i-'.. lcl e ra Cli ld Band c }. i e :c N a t i o n 2 1  Honum c n i: and 
sho·:.l ld be:: a. s s e  s s ed i n  mope d e t a i l . T he i: e x ·t s h o u ld e x p l a i n  
vlhy gre a t c r'  c OY' r i d o:r. l (mgt h ,  the t ime re qe i r' e d  f o :c  ri ght -. 
o f -way n e go t i a t i on s , a�d the n e e d  t o  s erve exclu s i v e ly 
FlJIl c u s t omer' s  pt·ovcd t:o be in surmounta b l t:. d i f fi c u l t i e s  
wc3.p.c.:mt:ing r c j  e. c t i on o f  a lt erna t i v e  S v!h i c h  may b e  envir-on - .  
rn c� n t a J. J  y pr e rc11ab l e  . 

• 
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1-22  

RESPONSES TO DOl COMMENTS 

In preparing the DEI S  it was recognized that the arsenic di lution 

method of determining geothermal outf low along the Jemez River 

is inadequate in that it implies less geo thermal f luid component 

than what is actually there ; however , it was the only such 

depletion s tudy avai lab le . The FEIS has incorporated results of 

a study using more conservative ions whi ch indicate 24% more 

geothermal outf low than the arsenic s tudy finding (Sect ions 

3 . 1 . 3 . 2 . 1  and 4 . 2 . 2 . 2) .  

There is  no indication of  deep (geothermal) gr oundwater out flow 

into the thick unconsolidated sediments to  the north and east 

s ides of the Jemez Mountains , although shallow groundwater does 

move in these directions . ( Information was derived from consul

tation wi th W. Purtymun , Los Alamos Scientific Laboratory . )  

Known discharge p oints for both shallow and deep groundwater 

systems are di scussed in Section 3 . 1 .  3 . 2 . 1 .  

This assump tion is correct , and a statement to this effect was 

added to the FEIS ( Section 4 . 2 . 2 . 2) . 

The comment is valid in that availab le information is  insufficient 

to enab le the behavior of the hydrologic system to be p redicted 

with total cer tainty . Monitoring of �ur face and groundwat er 

systems during op eration of the faci lity wi ll provide information 

to help define the relationship between these sys tems . In the 

absence of detai led hydrologic data , a recent hydrogeologic 

survey of the region by Trainer ( 19 7 8) was used in the analysis 

(Sec tion 3 .1. . 3) .  

Refer to r esponses to hearing board summary , Appendix H ,  

alternative p lant design to save wa te r .  

6 .  p . 3- 4 .  The j oint and fault contro l o n  geothermal f luid outf 1ow 'is  

recogni zed and a statement to that effect has been added to the 

FEIS in Sect ions 3 . 1 . 3 . 2 . 1  and 3 . 1 . 2 . 3 . 



7 .  p . 5 .  

8 .  p . 6 .  
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Comments on dry cooling towers are addressed in responses to 

hearing board summary (Append ix H) . Ac t ive Indian religious 

sites , and American Indian Religious Freedom Act have been 

addressed by the addition of Sec tions 3 . 1 . 10 ,  4 . 1 . 7 ,  4 . 5 . 1 . 6 ,  

4 . 5 . 26 ,  and 1 1 . 1 . 1 . 6 . 

The study draf t was received af ter the DEIS was in print ing . 

A summary of that study has been added to Sections 3 . 1 . 1  and 

4 . 1 . 1 .  

SPECIFIC RESPONSES TO COMMENTS BY PAGE 

ADDITIONAL RESPONSES TO D . O . I .  COMMENTS 

p .  2-1 

Thes e  features are illustrated on a number of f igures in the FEIS , in 

par ticular refer to Figs . 2-7 , 2-9 , 3-19 , 3-21 and 3-25 . 

p .  2-18 , paragraph 1 

The only alternat ive tower design under consideration is a steel single 

pole structure . Otherwise , mitigat ion of visual impact will be achieved 

by line placement and by use of long spans to reduce s tructure visibility 

from sensitive crossings . 

p .  2-18 

The map is replaced by another figure in the FEIS . Precise corridor 

alignments are not presently availab le from Pub lic Service Company of New 

Mexico at the current stage of  transmission line p lanning . 

p .  2-20 , paragraph 1 

Long line spans will b e  utili zed at sens itive crossings such as roads , 

streams , and canyons to  minimize s truc ture visib ility from sens itive areas . 

p .  2- 2 0 ,  paragraph 1 

The 100 foot right-of-way was selected to provide an extra margin of  safety 

based upon the number of tall trees and severe weather conditions 

encountered at the high altitude� along which the line will be constructed . 
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p .  2-21 

The amount of  land disturbed will depend upon the f inal line p lacement 

and the amount of dense fores t clearing necessary to protect the l ine . 

A maximum (or worst  case) estimate of land disturbance may b e  arrived at 

by mul t ip lying the r ight-o f-way width by the longes t route along each 

corridor . For the Baca corridor , corridor 1 ,  a maximum of 107 ha . could 

be disturbed (30 . 5  m right-of-way mult iplied by a maximum length of 35 km) ; 

for the southern corridor , corridor 2 ,  a maximum of 126 . 5  ha could be 

dis turbed ( 30 . 5  m right-o f-way mult iplied by 41 . 15 km maximum length) . 

These worst  case estimates will cons iderably overstate 30 . 5  m .  r ight-o f

way wil l  not be c leared during line construc tion . 

p .  2-22 , paragraph 1 

Such a commitment will be between Public Service Company of New Mexico and 

the landowner or land management agency involved in right-of-way 

negot iations . 

p .  2- 2 9 ,  paragraph 3 

Sect ion 2 . 5  has been extensively revised in the FE1S and this comment 

among other has been incorporated . 

p .  3-14 , 3-2 7  

These publications were recognized by  the staff a s  "classic works " and are 

indirectly referenced by inclusion in the primary references for the E1S 

a number of t imes ( Sect ions 3 . 1 . 2 . 1 and 4 . 2 . 5 ) .  

p .  3-19 

Redondo Peak was no t described in the text as a rhyolite dome ; however , 

to avoid future inferences as such , the text has been clarif ied 

( Sect ion 3 . 1 . 2 . 1 . 2 ) . 

p .  3- 22  

"Ring graben fractures" are the f ractures along the circular r ing graben 

structure of the caldera (Sect ion 3 . 1 . 2 . 1 . 2 ) . 
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p .  3-48, 3-51  

There is  only limited data available (Silica , fluoride , TDS , and hardnes s)  

o n  the groundwater quality i n  the Valle Grande ; this data is given on 

page 3-51 of the DE IS . Refer to the new sect ions (11 . 1 . 2 . 2 ,  11 . 2 . 2 . 2 ) on 

groundwater monitorin� in the FEIS for information on baseline and ongoing 

sample collection in the Baca vicinity ; rout ine sampling of groundwater 

qual ity in this area is in progress . 

p .  3-51 

The geothermal reservoir is evident ly in a highly fractured zone . It is 

unknown whether solut ioning at depth has occurred , but the possibility 

has been conj ec tured (Section 3 . 1 . 3 . 2 . 1) . 

p .  3-5 3 

Induced recharge wi ll probably occur at some stage of  geothermal reservoir 

development ; however ,  not enough is known of  the system to date that would 

permi t an estimate of these ef fects on the geothermal reservoir to be made 

(Sect ion 4 . 2 . 2 . 2 ) . 

p .  3-55 

The wells and spr ings in the Valles Caldera reg ion are both privately and 

pub licly owned . A permit is required from the S tate Engineer to withdraw 

groundwater . Surface appropriations must be accompanied with appropriate 

evidence of  equivalent set-aside rights for considerat ion (Chap ter 7 ) . 

p .  3- 79 

The corridor through Bande lier is  one o f  two "proposed" corridors . Ne ither 

corridor currently has as surances of a comp lete right-of-way . 

p .  3-7 9 ,  3-80 

Appropriate consu ltat ion with the Advisory Council on His toric Pres ervation 

has taken p lace regarding mitigation of impac�s on archaeological si tes . 

(Appendix E) . 
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p. 3-92 

Only visual studies for the current public access areas were poss�ble 

within the scope of available data for analysis . 

p .  3-104 

The soils data were not provided in such a way as to incorporate the letter 

and number designations ( soil types ) in a consistent manner (Section 3 . 1 . 2 . 2 ) . 

It is beyond the scope of this analysis to  determine the line distance of 

each corridor through soils of a particular sensit ivity rat ing , inasmuch 

as each corridor has a number of subroutes possible within it . 

p . 4-18 

Current vi sitor activit ies are res tricted to pub lic access areas . An 

expanded discussion of  possible future public ownership has b een added to 

Section 4 . 1 . 1  of the FEIS . 

p .  4-19 ff . 

The margin of error in the hydrogeologic calculations is not known but 

appears to be about 24% . The limitations of the arsenic-based analysis 

are addressed in the FEIS (Sections 3 . 1 . 3 . 2 . 1  and 4 . 2 . 2 . 2 ) . 

p .  4-20 

The reference to  "reservoir drawdown" specifies the hydrulic behavior 

(pressure lo ss)  of the reservo ir due to production ( Sect ion 4 . 2 . 2 . 2) .  

p .  4-34 

The ef fects of  other const ituent s within the drift with potential for 

environmental damage were assessed as negligible b ecause of the low rates 

o f  deposition.  

p .  4-42 

See response to Comment s from EPA in this Appendix . 

p .  4-56 

Refer to response for p .  3-9 2 .  
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p .  4-64 

The potential 400 MW area has been described and the location generally 

referred to in the FE 1S ( Sect ion 4 . 5 ) . 

p . 9-15 

This action is addressed in Sect ion 10 . 1  "Ac tion Alternat ives " (page 10-1 ) 

and will be considered in the decision-making process . 

p .  9-24 

The DE1S reported the stated reason for transmission corridor selection . 

An expanded discussion of  pos sible future corridors has been added to 

Sect ion 4 . 5 .  
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FEDERAL ENERGY REG ULATORY COM M I SSION 
WASHI NGTON , D.C • .  20426 

Mr . Bennie G .  D iBona 
Director , Divi s ion of Geothermal 

Energy 
Department of Energy 
Washing ton , D . C .  2 0 5 8 5  

Dear Mr . D iBona : 

Augus t  3 1 ,  1 9 7 9  

I am replying to your reque st to the Federal Energy 
Regulatory Commi ssion for comments on the Draft Environmental 
Impact Statement for the Baca Geothermal Demonstrati on Program 
in New Mexi co. Thi s Draft E I S  has been reviewed by appropr iate 
FERC s taff components upon whose evaluation thi s response i s  
based .  

The � taff concentrates its review of othe r agenc i e s ' 
environmental impact statements bas i c a l ly on those areas 
of the e lectric power , natural gas ,  and oi l pipeline industri e s  
for which the Commi ss ion has j urisdiction b y  law , or whe re 
s taff has special expertise in evaluating envi ronmental impacts 
involved with the propo sed ac tion . I t  doe s  not appear that 
there would be  any si gni fi cant impacts in these areas of concern 
nor serious conf licts wi th thi s  agency ' s  re sponsib i l i ties shou ld 
thi s action be undertaken . '  There are , however , several are as 
where s taff fee ls modification or additions are needed : 

1 .  The proposed plant i s  of s ing le - f lash cyc le type 
(P . 9 - 2 2 )  which is similar to that used at the Gey sers in 

Cali fornia . As di scus sed in the DE I S  on PP . 9- 2 3  and 9- 2 4 , 
there are other types of geo thermal p lant cyc le techniques 
( such as binary or dual f lash ) which are be li�ved to be superior 
to the proposed s ingle f lash type ( a lthough they may ' not be 
as e conomical or adequately tested ) . However , s i nce the maj or 
purpose of the proposed p lant i s  to demons trate the ,appli cabil
ities of  avai lable techniques , i t  mi ght be app ropriate for DOE 
to consider the advantages of such a program and uti li ze 
binary or dual f lash sy s tems , even though i t  may not be as 
cost-e f fe ctive at the pres ent time . 

2 .  According to information avai lable to our s ta f f  a s  
o f  August 1 9 7 8 , there was li ttle potentia l  for oi l and gas 
reserves in the propo sed proj ect area . 
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3 .  The proposed 11S -kV transmi s s ion line may be located 
near or cros s over an exis ting 1 0 - inch natural gas p ipeline 
owned by the DOE . The deve loper of the proposed proj ect should 
be directed to contac t the f i e ld operator of the pipel ine to 
ascertain the exact loca tion of the pipe line in order to avoid 
any possible acci dent or interruptions of gas f low . Should 
the transmi s s ion line be located along the s ame r i ght-of-way 
as the pipe line , spec ial precaution should be taken to 
mitigate induced e lec tromagnetic alternating currents and 
fault currents within the pipeline . 

4 .  Under exis ting au thority , the FERC wou ld have 
j uri sdiction over any aspect of geothermal energy deve lopment 
if one or all of the fol lowing condi tions occur : 

( a )  there i s  a sale of e lectric energy at whol e s ale 
from one uti l i ty to another for re sale in inters tate 
commerce , or the faci lities used for transmi tting power 
from the deve lopment are used otherwi s e  for transmi tting 
electric ene�gy in inters tate commerce ( see FPA , Section 
2 0 1 , 1 6  U . S . C .  8 2 4 ) ; 

---

(b)  a geotherma l p lant i f  c l a s s i fied as a 
qualified co-generator or smal l  power producer , ( see 
PURPA , Section 2 0 1 ,  1 6  U . S . C .  7 9 6  and PURPA , SectIOn 
2 1 0 ) ; 

( c )  there i s ' geothermal activity on non- federal 
lands withdrawn for hydro-electric l icens ing purposes 
(�, FPA , Sec tion 2 4 ,  1 6  U . S . C .  8 1 8 ) ; and 

( d )  geotherma l research was fi nanced by a j u r i s 
dictiona l electric o r  gas uti l i ty . In F Y  1 9 7 9 ,  EPRI and 
GRI ' s  budgets for geothermal research were $ 2 . 5  and 1 . 5  
mi llion respec'ti vely , [ for e lectric uti li tie s , see , 1 8  
CFR 3 5 . 1 2 ,  3 5 . l3 ( b )  ( 4 )  ( i i i ) S ta tement E l , .and 1 4 1 . 1  
(Form 1 ,  page 4 4 8 . ) ]  

5 .  Consumptive wa ter use at the p l ant wou ld cau?e a sma l l  
reduction in ba s e  f lows in the Jeme z River and Rio Grande . 
However , from a hydro-power point of view , this e f fect would 
have no s ignificant impact on hydro deve lopment in the bas in .  

Also , no known plans ex i s t  to deve lop hydropower near the 
proj ect s i te that wou ld be conflictive . 

Thank you for the opportuni ty to revi ew th i s  s tatement . 

Sincerely , 

Heinemann 
on Environmental Quality 
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RES PONS E T O  FERC COMMENT 

As d i s c u s sed i n  the E n v i ronmental  Tradeoff Ana l ys i s  of the D E I S  ( C h apter 1 0 ) , 

there are o n l y  m i nor d i ffe rences i n  the e n v i ronme n ta l i mp a c t s  o f  the a l ter

n a t i ve p ower cyc l e s . For th i s  rea s on t h e  s i ng l e  fl a s h powe r cyc l e  was 

c on s i d e red t o  be accep ta b l e for t h e  base case DEIS impact a n a l ys i s . 
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U N I TED STATES ENVIRONM ENTAL PROTECTI ON AGENCY 
WAS H I NGTO N .  D.C. 20460 

SEP 1 4  1979 

Mr .  Bennie G .  DiBona , ET- 5 7  
Department of Energy 
Division of Geothermal Energy 
MS 3 1 2 2 C  
Washington , D .  C .  2 0 5 8 5  

Dear Mr .  DiBona : 

OFFICE OF TH E ADMINISTRATOR 

In accordance with the Environmental Protection Agency ' s  
(EPA) re spon s ibilities under Section 3 0 9  o f  the C lean Air 

Act ,  we have reviewed the Department of Energy ' s  ( DOE) draft 
Environmental Impact Statement (DE IS} entitled , " Geothermal 
Demonstration Program, 5 0  WNe Power Plant , Baca Ranch , New 
l1exico , II i ssued July 1 9 7 9 . Our maj or concerns are outlined 
below . Our detai led comment s  are enclo sed . 

First , we bel i eve that the DEIS i s  seriously deficient in 
scope , because it is l imited to di scussing only the impacts 
of the 5 0�ve plant . The contemp lated expans ion to a 4 0 0  Hv.le 
plant is not adequately cons idered in the DEI S . DOE should 
e ither expand the final EIS to include a thorough rev�ew o f  
the impacts o f  a 4 0 0r��e plant or promise to i s sue a supplement 
to thi s  E I S  be fore any expans ion takes place . Second , we 
bel ieve that the di scus sion o f  appl icable environmental laws 
and regulations should be expanded and the control methodology 
required for compliance should be described more fully . 
Thi rd , we believe that the methodology used for monitoring 
and mitigation of the impacts should be described more 
ful ly . 

On_ the b.a s i s  o f  these concerns , we hcwe environmental 
re serv�tion � about the actions propo sed in the DE IS and 
con s ider that the s tatement does not provide enough information 
for the l ikeiy

-
envi ronmental impacts of the propo sal to be 

ful ly evaluated . There fore , we have rated this draft EIS as 
"ER- 2 , "  and we will publ i sh a noti ce o f  thi s rating in the 
Federal Regi ster . 
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Thank you for the opportunity to comment on the DEIS . For 
further information concerning our comments ,  please contact 
Thomas P ierce of my staff at 7 5 5- 0 7 8 0 .  s:ncer:��� 

illiarn N .  Hedeman , Jr . 
Director 
Office of Environmental Review 

Enclo sure 
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ENVIRONMENTAL PROTECTION AGENCY 

COMMENTS ON 
DEIS GEOTHERMAL DEMONSTRATION PROGRAM 

BACA RANCH , NEW MEXICO 

A .  Scope o f  Approach 

The DEIS is s eriously deficient in scope because it i s  
essentially l imited to only discussin g  the imp acts o f  
the 5 0  MWe generating plant. While this plant should 
certainly be addres sed in the DEI S , one of the stated 
obj ective s of the proj ect is to "provide a s s istanc e  
needed to initiate development o f  a resource o f  large 
potential . "  Further development of thi s  field to at 
least .4 0 0  MWe can be implied from several s tatements in 
the DEIS ( P .  1 - 5 , P .  2 - 5 , P .  4-64 ) . Section 4 . 5 , while 
it purports to describe the effects of development to 
4 0 0  MWe , admits that " potentiai environmental impacts 
cannot be accurately estirnated� with current information . "  
Because the l arger development i s  intended and a demonstration 
obj ective is to promote that development , the resulting 
larger , much more s igni ficant , and perhaps cumulative 
impacts need to be ful ly di scus sed . The DEI S  further 
admits ( P . 4 - 6 6 )  that : 

IIDevelopment o f  a proposed 5 0-MW demons tration 
power plant already represents a change in _character 
of a portion o f  the Baca Location from a relatively 
natural setting to an industrial one . Expans ion 
to 4 0 0  MW would cons iderably e scalate thi s  change . 
The development associated with the 4 0 0  �� expansion 
could alter the character of the Valles Caldera/Baca 
Location National Natural Landmark to the extent 
that its status would be severely threatened o r  
even revoked . "  

If DOE decides not to addres s  the impacts o f  full 
development in the FEIS , then DOE should p romise to 
supplement .thi s E I S  before any expans ion takes place . 
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B .  Federal Environmental Requirements 

The environmental l aws and regulations that wil l  apply 
to this and future developments are not fully described , 
nor i s  the control methodology required for compliance . 
For example , the Environmental Protection Agency is not 
even alluded to , except on p .  7 - 2  where the need for 
Prevent ion o f  S igni ficant Deterioration review i s  
noted.  

A specific concern for EPA i s  that section 7 be expanded 
to di scuss the Underground Inj ection Control Program 
(UIC) under the S afe Drinking Water Act . The proposed 

technical criteria and standards for that program were 
published in the Federal Regis ter on April 2 0 ,  1 9 7 9  and 
wil l  be codi fied as ' Part 1 4 6  of Title 4 0 ,  Code of Federal 
Regulations . S ubpart D of Part 1 4 6  "Criter i a  and 
Standards Appl icable to Class I I I  Wel l s , "  sets forth 
the requirements for geothermal activities under the 
UIC program. That subpart describes the construction 
requirements , the wel l  abandonment requirements and the 
operating , monitoring and repo�ting requirements for 
geothermal underground inj ection activities . The final 
EIS should describe how the p�j ect wil l  address the 
proposed requirements under the UIC program .  

Ai r Quality 

( 1 )  The DEIS states that H 2 S  wil l  be control led by 
applying the Stretford proces s  to the condenser 
o f f-ga s " so that less than 1 ppm o f  hydrogen 
sulf ide by volume and l e s s  than 5 0  ppm of other 
sul fur compounds are vented to the atmospl)ere " 
( DE IS , p .  9 -2 1 ) . The raw loading of 1 0 8  kg/hr 
( 2 4 0  lb/hr ) i s  in ferred f rom a statement on p .  4 -
4 0  and the emi s sion after treatment i s  given as 
" less than . • .  5 0  l b/hr " and "more likely . . .  less 
than 4 3  lb/hr " ( p .  2 - 2 5 ) . Calculations of di sperson 
indicate that the New Mexico ambient air standard 
wil l  be met under typical conditions (p . 4 - 2 2 ) . 
However ,  the DEIS desc ription o f  the New Mexicn 
ambient standard i s  ambiguous and should be clari fied 
in the- final E I S . - - On - p . - 4 - 2 2 , the standard i s  
indicated t o  b e  " 3  ppb above ambient concentrations , "  
whi le e l s ewhere i t  i s  stated that the " New Mexico 
( l-hr )  ambient air s tandard for hydro gen sulf ide 
is extremely low, only 3 ppb" ( p .  3 - 5 9 ) . 
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( 2 )  The discuss ion of H 2 S  and the con trol system need s 
to be clarified in the f ina l document .  For 
example , on p .  3-59 , it is s tated that " Long-term 
concentration s for natural ly occuring emis sions 
averaged as high as 11  ppb , with 24-hr . concentrations 
as high as 6 5  ppb . Thus at several sites the 
background concentrations exceed the New Mexico 
ambient standard for hydrogen sulfide because of 
natural venting . " It is misleading to make such 
a statement without stating where the measurements 
were made ; they could have been taken directly 
over a natural vent . Another example is the lack 
of a detailed system description ; for instance , a 
surface condens er should be a part of the system, 
yet i t  is unclear from reading the DEIS whether 
thi s  is contemplated . It makes a considerable 
difference . In a direct contact condenser,  a 
maj o r  part of the H 2 S  will go to the cooling tower 
and be lost from there . On p �  4- 4 0  of the DEIS , 
it i s  s tated that "Loss of the hydrogen sulfide 
abatement sys tem would result in the release of 
approximately 1 0 8kg/hr ( 2 4 0  lb/hr) of hydrogen 
sulfide to the atmosphere from the cool ing towers . "  
The E I S  does not show how or why the H 2 S  would get 
to the cooling tower ; thi s should be clarified in 
the f inal E I S . 

( 3 )  On page 2 - 2 3  the DEIS describe s the hydrogen 
sulfide abatement system which converts H2S to 
sul fur . The fina l should describe how the sul fur 
wil l either be marketed or di sposed of . 

( 4 )  On page 4 - 5  in the Air qua l ity section the statement 
i s  made : " I f more than one we ll is vented at a 
time , some periods of concentrations in excess of 
state l imits may be experienced , • • •  " Clearly , 
the appropriate mi tigation mea sure would be to 
en sure that i f  there i s  a danger of exceeding the 
state air qual i ty - standard for hydrogen sul fide 
through s imu l taneou s vent ing of more than one 
wel l ,  that only one \ve ll should be a llowed t.o be 
vented at a t ime . 
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( 5 ) Based on the two paragraphs below exerpted from 
DOE ' s  Environmental Development Plan for Geothermal 
( page B-2 ) , the f inal EIS should discus s pos sible 

mercury and radon emi s s ions . We would also recommend 
that s ince the pro j ect i s  part o f  a demonstration 
program, that the emissions from the se two elements 
be periodically measured . 

"Mercury emi s s ion rates have recently been reported 
for the Geysers and Cerro Prieto , Mexico . The 
airborne release rates are small ,  9 0 .\lg/kW-hr at 
Cerro Prieto and 3 0  to 7 0)lg/KW-hr at three measured 
units at The Geysers . These releases appear to be 
inconsequential . Ambient air at The Geysers has 
the same concentration of Hg as was measured at 
background locations , although ambient air at 
Cerro Prieto was above background level s .  Additional 
measurements at other s ite s are needed to resolve 
fully this issue . " 

" The release of 2 2 2 RN and �ther radionuclides has 
al so recently been measured at The Geysers . The 
average emis sion rate of 2 2 2RN i s  1 3 0  nCi/KW-hr . 
Concentrations in ambient air of the short-lived 
radon daughters at The Geysers are within the rage 
of concentrations measured at background locations . 
Leve l s  of other naturally occurring radionucl ides 
in The Geysers area were also within normal background 
leve l s .  Measurements of radon in fluids at other 
s ites also indicate that the release of radionuc lides 
at hydrothermal s ites will not be an important 
i s sue . However ,  confirmatory measurements of 
emi s s ion rates and ambient concentrations in the 
vicinity of new uses wi l l  be necessary . II 

D .. Water Quality 

I t  i s  not c lear whether the fluid wil l  be reinj ected 
immediately upon cycling through the system or whether 
it wil l  be temporari ly held in storage ponds . I f  the 
l atter i s  the c a se, the final E I S  should di s cuss the 
pos s ibil ity of storage pond leakage or leachate contaminating 
the s urfece or groundwater as wel l  as appropr i ate 
mi ti gation mea sures .  

A maj or concern i s  the possible contamination o f  surface 
and groundwaters as a re sult of uncontained blowout or 
cracked wel l  cas ings due to s ie smic activity as di scus sed 
below in section G o f  the s e  comments . 
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The treatment of water use in the f inal EIS shou ld 
include a di scussion of future , competing water uses 
particularly in l i ght of the proj ected expansions of 
the plant . The discussion on page 4-1 9  concerning the 
pro je cted f low-reduction in the Jemez River should be 
revised to include estimates of reduction in flow to be 
expected from full - scale development to 4 0 0  M)V . The 
f inal EIS should a l so discuss proj ected increase in 
water use as sociated with the induced development or 
secondary impacts which can be expected to occur in the 
vicinity of the plant . 

F .  Was te Di sposal 

The f inal EIS should inc lude a general discuss ion of 
waste disposal methods including disposal of cuttings , 
dri l l ing f luids , sewage and trash . 

G .  S iesmic Activity 

In the d i scussion of siesmic activity on page 3 - 2 7  and 
3 - 2 8 , the statement i s  made that active faulting is 
known to exi st and that there is a "defin ite pos s ibility 
that felt and possibly struc tura l ly damaging earthquakes 
could occur . II DOE ' s  Environmental Development Plan for 
Geothermal Energy Systems publi shed in March 1 9 7 8  _ 

s tates on page 3 ,  " the most l ikely cause of enhanced 
seismic ity is bel ieved to be the inj ection proce s s . 
Studies in Colorado have demonstrated that the frequency 
of microseismic events is enhanced as a result of the 
high-pressure inj ection of fluids . "  

Under these c ircumstances , and con sidering the demons tration 
nature of the proposed pro j ec t ,  we recommend that 
s iesmic ac tivity be mon itored to determine the s iesmic 
impac ts of plant operation . This will become an increa singly 
important is sue if and when the Elant is expanded . 
Thi s concept a l so relates back to our earlier concern . 
about contaminat ion o f  surface and groundwater due to 
c racked we l l  casings from possible siesmic activity . 

H .  Acc idents 

We recommend that the discu ssion of blowouts on page 4 -
4 2  be expanded to discu ss mitigat ion mea sures including 
emergency containment procedures . The section shou ld 
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a l s o  discu s s  the pos s ibility of geopressurized f luids 
l eaving the wel l  shaft through a permeable channel and 
travel ing to the surface by an alternate route . 

Potentia l rupture of the subsurface system or pos sible 
migration of fluids outside the production aquifer are 
not d icussed . Because of the high qua lity and use of 
the uppper aquifers , this potential should be described 
in the final EIS . 

Pollution incidents can result from ruptures in the 
f luid di stribution piping , but with proper maintenance 
there are likely to be few if any of s ignificance . The 
DEIS recognizes the seriou s  c onsequences of a surface 
spi l l  on Redondo Creek and downstream ( p .  4-4 3 ) . 
However , it doe s not adequately describe containment or 
o ther mitigation measures .  

I .  Mitigation 

We recommend that the f inal EIS be expanded to include 
a section discus sing mi tigation measures which wil l  be 
required during wel l f ield development , plant construction 
and operation . This section should be written in 
accordance with section s  1 5 0 5 . 2  and 1 5 0 5 . 3  of the CEQ 
regulations impl ementing NEPA which call for a "mon itor ing 
and enforc ement program " to be adopted and summarized 
"where applicable for any mitigation . "  

J .  Abandonment 

The f ina l EIS should discuss we l l  abandonment procedu r e s  
a fter the pro j ect cease s operation o r  i n  the event that 
the wel l  shaft is di srupted due to siesmic activ ity . 

K .  Socioeconomic Impacts 

One o f  the critic i sms repeatedly expres sed at the DEI S  
public hearing was that the interests o f  Indians had 
not been given due cons ideration . The Pueblo Indians 
comp�ise a . large . part of the r e s ident population . The 
soc ioeconomics discu s s ion shou ld address the impacts , 
both cultura l and economic , upon the Pueblo Indians . 
Some of the Indians ' concerns are l i sted ( p .  4 - 1 2 )  but 
they are otherwise neg le cted in the DEIS . 
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RESPONSES T O  EPA COMMENTS 

A.  Refer to responses to hearing board summary (Appendix H) for a 

complete discuss ion of the Scope of the approach . Section 4 . 5  

has been expanded to better discuss the impacts of  future development . 

B .  The Commercial Par tners are working with the State o f  New Mexico and 

the EPA as required to assure compliance with the Underground Inj ection 

Control Program.  

C .  The FEIS has been revised to discus s only concentrations of hydrogen 

sulfide and the environmental impact of  the concentrations 

(Sections 4 . 2 . 3  and 4 . 2 . 4 ) . The S tate standards are def ined by , 

and conformance to the standards is determined by the Stat e .  

The discus sion of  air quality impacts has been clarified 

(Section 4 . 2 . 3 ) .  

Mercury concentrations in the produced fluid at the Baca s ite are 

extremely low . The maximum concentrat ion of mercury measured in Baca 

fluid is 0 . 0009 ppm , (Tab le 3 . 8  in the FES)  which is less than 1 / 2  

the primary drinking wat er standard of  0 . 002 ppm . Mercury concentra

tions in the steam condensate at the Geysers average . 0058 ppm of 

mercury , (Rosen and Mo 1enkamp 1978 - complete reference at end of 

Ch . 4 in FES ) over 6 t imes the concentrat ion of the produced f luids 

at Baca . Cons idering that airborne mercury levels at the Geysers 

were "cons idered inconsequential , "  mercury at the Baca proj ect is no t 

of any concern . 

Radon had been measured within steam vents at various wells . The 

highest value recorded was 411± 49 pCi/m3 at Baca #4 . By comparision , 

measurements in turb ine steam vents at the Geysers yielded a value of 

about 10 , 500 pCi/m3 (Rosen and Mo1enkamp , 1978  - comp lete reference at 

end of Chap ter 4 of  this FES ) . Therefore , preliminary indications 

are that radon releases at the Baca site are likely to be at least 
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two orders of magnitude less than those at the Geysers .  S ince 

ambient atmospheric radon measurements at the Geysers averaged 

145 pCi/m3 which is within the average background of atmospheric 

radon in "unpolluted continental locations" (Rosen and Molenkamp , 

1 978 ) , radon releases at the Baca site are not likely to exceed 

normal background radon levels . 

D .  Water Quality 

The fluid will be inj ected immediately upon cycling through the system ,  

except f o r  vent ing and flow test ing of wells , when retention ponds will 

be used to hold the fluid . There is no used aquifer to be contaminated 

by leakage through the storage pond ( s ) . The only surface contamination 

would result from ho ld ing (storage) pond dam failure . 

There should be no contaminat ion of  surface water from blowouts or 

cracked cas ings ; furthermore , any groundwater body contaminated by 

the (:s caping fluid is small in area and currently unused . This is 

addressed in the FE IS (Section 4 . 3 . 3 ) . 

E .  Water Use 

These issues are addressed in the FE IS , in the section on future 

expansion (Section 4 . 5 ) . 

F .  So lid Wastes will b e  removed t o  an approved dispo sal area . Cut tings 

and res idue from evaporated drilling f luids will either be treated as 

solid waste or backfilled in the settling ponds . 

G .  Seismic Ac tivity 

Induced seismicity as a result of  geo thermal f luid inj ection at the 

proj ect site was addressed in the FEIS  (Section 4 . 2 . 5 ) . ( I t  should 

pose no problem, and would probably be masked by natural seismicity 

should it occur . )  There is a regional seismic monitoring net in 

operat ion at this time . 
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H.  Accidents 

Mitigat ion measures are addressed in the FEIS ( Section 11 . 1 . 3 ) . 

Fluid release traveling to the surface via an alternate route during 

a blowout has been added to the section on accidents ( Sect ion 4 . 3 . 3 . 1 ) . 

The migrat ion of reservo ir f luids was addressed in the DEIS as a 

possibility.  It was no t elaborated upon , however ,  s ince there is 

no "high quality end use of the upper aquifers" in the immediate 

proj ect vicinity ( Sect ions 3 . 1 . 3 . 2 . 2  and 4 . 3 . 3 . 1 ) . 

The consequences of  a surface spill and containment measures have 

been expanded upon in the FEIS ( Sect ions 4 . 3 . 3 . 2  and 4 . 3 . 3 . 3 ) . 

I .  Mitigat ion measures are addressed for the environmental elements of  

concern in the Sect ion where the potent ial impacts are analyzed . 

A separate section has been added in Chap ter 11 which identif ies 

mitigat ion measures ( Sect ion 11 . 1 ) . 

J .  Abandonment proc edures were discus sed in the DEIS in Sec tion 2 . 3  

(Reclamat ion and Restoration) . 

K. Refer to the responses to the hearing board f indings for a discus sion 

of Pueblo interes t s .  Sec tion 4 . 1 . 5  has been revised in the FEIS and 

Section 4 . 1 . 7  has been added in response to the comment . 
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UNITED STATES DEPARTMI:NT Of AORlCUl.TUfte 
FOREST 5£ftVIC::E 

Region 3 
517 Gol d Avenue , S . W .  

Al buquerque ,  ReLY r·1exi c o  81102 
1950 
2720 

September 6 ,  1 919 

Mr. Bennie G. DiBona e U.  S. Department of Energy 
Divi sion of Geothermal Energy 
Roan 3122C 

�ash1ngton , D . C .  20585 

Dear Mr . Di Dona : 

The purpose of th i s  l etter i s  to c�nmen t on behal f of the Forest 
Service ,  USDA. to the Draft Envi ronmental Impact Statelnent on the 
Geothe�al Demonstration Program , SO MWe Power Pl ant. Baca Ranch , 
Sandoval and Rio Arri ba Counties , New Nexico ,  transJn1 tted to R. Max 
Peterson . Ch i e f, Forest Servi ce, on July 11 , 1979 . by Ass i stant 
Secret�ry for Envi ronment,  Ruth Cl usen . 
In l t ne wi th nati onal energy goal s ,  the Forest Servi ce strongly 
supports programs to devel op the geothennal resources on the 
Jemez r40un ta i ns .  

Thi s cl ear cut support i s  wel l documented. by the Ft nal Envi ron
Inental Impact Statement for Geothennal leasi ng ,  Santa Fe Na--ttonal 
Fores t , New Mexi co, i ssued i n  1977 . and by the number o! l eases 
t�at have subsequently been i s sued coveri ng areas of the Santa Fe 
Nati onal Forest to the north , wes t  and south of the Baca Location. 
To date , 14 l eases covering 23 ,631 .40 acres have been i ssu�d i n  
the KGRA. Other l eases are pendi ng and shoul d be i ssued by the 
Bureau of land Managemen t sometime th is cal endar year . In addi tion , 
the Forest Servi ce has been worki ng wi th the Department of Energy 
i n  rel ati on to the Fenton Hi l l  hot dry rock geothennal project. 
lle ar .. e qu i te op timi sti c tha t the geothennal capab il i ti es of the 
Nati QJ'lal Forest l ands wnl be real i zed al ong w1 th those of the 
8aca locat i on .  

Al thou9h the Forest Serv i ce supports geothe�al power producti on ,  
we do not f i nd the eval ua ti on and sel ection of the pre ferred 
powerl ine corridor to - be sa ti sfactory .  Our principal concern i s  
the l ack of supportive data to i nsure that the l ong- tcnn power 
transmi ss i on needs of the Jemez t�ounta ins area wi l l  be met wi th 
the l east env i romnenta1 affect .  
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In  the devel opment of the geothennal resources we wi l l  al l have a 
great respons i b i l  i ty to insure that any geothermal devel opment 
and rel a ted fac i l i ti es . primari l y  access roads and powerl l nes . 
are devel oped i n  maximum possi bl e  ha�o"y with the outstandi ng 
scenic and other resources of the Jemez Mountains . Our spec i fi c  
co�nents on the Draft Envi ronmental Statement fol l ow: 

The Baca Location l ands are surrounded by l ands of the Santa Fe 
National Forest except for a narrow portion where the Santa Cl ara 
Puebl o Ind i an Reservation l ands adjoi n .  I t  i s  unl i kel y that the 
Santa Cl aras wi l l  grant a transmi ssion l ine right-of-way. There
fore such a right-of-way wi l l  have to cross Nati onal Forest l ands 
and wi l l  have to be covered by a pennlt or easement I ssued by the 
Fores t Serv i ce .  To state i t  very s impl y ,  the Forest Service wi l l  
�ot grant a rlght-of-w� for powerl ines wi thout thorough eval ua
tion of both short and l ong tenn power�i ne corridor needs . 

rhe devel opment of these needs 1s il l ustrated by the encl osed map 
that shows the current status of geothennal l eases on Nat i onal 
Forest l ands . The map al so shows potenti al devel opment of geo
thenMal l ands i n  the v i c ini ty of Jemez Springs . These l a tter 
l ands Ire curren tly l eased and are bei ng eval ua ted by Sunedco 
rl1 th reported immed i a te pl ans for devel opmen t of five i n i ti al 
�roduc t i on wel l s . Reportedly ,  Sunedco has been negotiating a 
proposed joint ven ture devel opnent wi th Ph i l l i ps Petrol eum Cdfupa� 
for l eases 130807 and 630808 to the eas t of the Sunedco l ease 
areas invol v i ng l ands of the San Di ego Grant. The San Di ego 
Grant was acqu i red some years ago by the Forest Serv ice and i s  a 
part of the San ta Fe ffa t i onal Fores t but \'li th mi neral r1ghts . 
i ncl ud ing geothenmal r ights , outstand i ng .  

Wi th the assumption that the Uni ted States has i ssued I ts geothe�al 
l eases in order to obta in geo thermal devel opment to meet na tional 
energy goal s ,  it i s  readi l y  apparent tha t the power so genera ted 
must ie transported . 

Al so encl os�d i s  a map that di spl ays the exi sting and proposed 
power d i s tri bu t i on network ol the Puhl ic  Serv ice Company of Ne�., 
Mexi co , Pl a i ns El ectri c ,  Bureau of Recl ama ti on and perhaps o thers . 

that v i rtual l y surround the 8aca Location . Other 1 ines are i n  
the pl a nn i ng stages .  Transm i ssi on l i nes from the Jemez Moun tains 
geothennal dQvel opmen t shou l d  tie into the exi sting and proposed 
power network so as to minimize the envi ronmen tal and su rface 
impacts . 
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There i s  no i ndi cation in the report that an adequate anal ys i s of 
future needs for corr idors g01 ng south , west and north ,,,as made . 

We bel t eve the probabil i ty i s  high that at l east two 500 KV power
l i nes wi l l  eventual ly be requi red to export geothennal derived 
power from the area . We anti Ci pate that these l arger l ines NDul d 
not go north or eas t .  Establ 1 shi ng new powerl 1ne right$-of-w� 
IS the geothe�al resource 1 s  p�ogress tvel y  devel oped woul d l ead 
to a spider-web of translni ssi on l ines wi th excess ive envi ronmental 
degrada ti on . 

The DEtS l i sts IS reasons for buil di ng a powerl i ne across the 
Santa Fe National forest south of the Baca location to los Al amos 
( the preferred route) as ( 1 )  i t  i s  the shortest route, (2)  los 
Al amos is a PNM l oad center capabl e of usi ng the enti re genera ti on 
outpu t ,  ( 3 )  i t  woul d sol ve an exi stt ng vol tage fl uctuation at los 
Al amos , and (4) i t  i s the only feasi bl e  route by whi ch PNM coul d 
di rectl y serve i ts own cus taners . The Forest Service does not 
ful ly agree wi th these reasons as appl i ed to the preferred route. 
The shortest route i s  not necessari ly the best or l east impact 
choice 1n the l ong run . In addi tion , adding Hnes to Los Al amos -

from the east or upgrading exi sti ng l i nes woul d be sol utions to 
number (2)  and (3) ; and wi th reference to number (4) . serving PNM 
customers di rectl y i s  not suffic i ent reason to bu i l d a high impact 
powerl tne .  

The reasons given why other al ternative corridors we re  not seri ousl y 
cons idered i s  tha t :  {l}  thex would be o{Jlreater length . The 
Forest Service vi ew i s  tha t greater-l ength is not necessaril y 
more damaging i n  the l ongterm ; jus t poss i bly more cos tly Initi al ly. 
In l ocal si tuati.on�..l i t  may be or coul d be more cos tly to cross a 
hal f-mi l e  of very sens i t ive terrain than one or more mil es of l ess 
sens i tive terra i n ;  {2 }  t�e rigpt-of;,�Jt negoti ations woul d not be 
compl eted in  time for p1r�t com�1 0n �  Our bel i ef i s  that bo� 
eval uated routes contain seri ous right-of-way probl ems In  crossing 
priv�te l and in the 8aca location , the Santa Fe Nati onal Forest 
and �ational Park Servi ce l ands i n  the Bandel i er National Monument 
tha t may ctel ay approval even more ; (l)  los Al amos i s  the onll 
.!�_"-!tl!.us _a"_�tl.abl e Jl..1. _'!.hich .. PNM �l!.l� d; r:ectlX s«rr.,ve i ts own 
customers . PNM i s  not requ i red to serve i ts own customers from 
thi s  energy source . These thr@e reasons appear to be short- tenn 
concerns wh ich become much l ess sign i fican t t n  the l ong tenn. 
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The OEIS does not i ncl ude the sel ection cri teria used to remove 
the other al ternatives for transmi ss i on corridors from further 
cons i deration and eval uation . Two cri tical eval uation cri teria 
wh i ch shoul d be empl oyed a re :  

1 .  The route fi nal ly chosen must be capabl e of serving anticipated 
future power transmi ssion needs . 

The Fores t Servi ce I s  opposed to addi ng a separate powerl i ne 
system as each generation I ncrement exceeds the exi sti ng trans
mi ss i on capab i l i ty .  Tbi s  woul d l ead to numerous rights-ot-way 
each I nfl uenced and constra i ned by exi sti ng l 1nes . and other 
surface management cons tra ints . The potential load requ i rement 
at los Al amos coul d not uti l i ze al l the potenti al power from the 
Baca geothenmal resource area . The Baca Location 1 s generat i on 
capabi l i ty i s  expec ted to cons iderably exceed the i nitial 50 
megawa tt pl ant. The U . S .  Geol ogi c  Survey gives a high probabil f ty 
or an 80 percent chance that wi th i n  10�ars there wil l  be an 
output of 100 megawa tts from the upper Redondo Creek area ; a 
moderate proba bi l i �  or 50 percent chance that b�ond 10 years 
there wi l l be an output of up to 1 .000 megawa tts I n  an area of 40 
to 50 square mi l es from the west central area of the Baca Locati on. 
and I l ower probab i l i ty or 20 percent chance tha t after 15  years 
the area in the western-hal f of the Baca locati on coul d be the 
source of up to another l �OOO megawa tts of el ectri cal genera t i on .  
Thi s  l ast probabil i �  rests on better ecoftomics s better technol ogy 
or new dl scoveri es . �" 

Because of the probabl1 i ty of future generation greatly i n  excess 
of thi s  i n i tial demonstration program, transmission l i ne corri dors 
shoul d be careful ly chosen i n  order to accommoda te future needs . 

2. The sel ected route must prov i de for the l east envi ronlnental 
impacts i n  the regi on ove r  the l ong tenn . 

The proposed al ternatives do not l end themsel ves to future expans fon �  
nor a,re they good cho ices for ins tal l i ng two o r  more paral l el i ng 
l i nes , whi ch coul d be a secondary phase of devel opment .  The 
wes tern and/or southern corridors are respectivel y grea ter than 
the preferred route i n  the i r  capab i l i ty to hand l e  l arge capaci ty 
l i nes or mul tipl e l i nes . - We c�nnot endorse any corridor wi thout 
adequa te cons idera ti on and eva l ua t i on of at l east the western and 
southern routes . 



1-46 

5 
1 950/2720-Mr . Benn i e  G .  Di Bona- 9/6/79 

Our soi l s  i nventory cov�ri ng the proposed route eastward from 
Conchas , i ndi cated tha t ma� activ i ties are precl uded by envi ron� 
mental l imi ta t i ons . The preferred l ocati on i s  l a rgely 1 n  mi xed 
conifer timber stands \'Ihere trees 75 to 100 feet 1 n  height are 
common . Thi s  route essen ti al ly cal l s  for a I S-mi l e  l ong cl earcut 
through some of the heav i est timber types on the Santa Fe Nati onal 
Forest .  I t  i s  a n  extremel y h igh publ ic use a rea . We recogn i ze 
that Los Al amos i s  phys i cal ly the nearest l a rge receiver i n  whi ch 
some power probl ems coul d be sol ved . '�e don l t  bel i eve these 
considerati ons . however des i rabl e they m� be , out-we igh the 
total poten ti al impac ts l i kely from l ong- tenn devel opment. I f  
these short4te� cons iderati ons are overrid i ng ,  the devel opment 
of l ess than a 1 15 KV powerl i ne wi th porti ons underground i s  
worthy o f  eval uation .  

In summary al l reasonabl e al ternative transm i ss i on corridors need 
to be di scussed 1 n  deta 1 1 . There are poss i bl e  corridors to the 
north . west and south . The DEIS ,  shoul d present the env1 ronlnental 
impacts of the proposal and the al ternatives 1 n  comparative form, 
thus sharply defi n i ng the i ssues and provi di ng a cl ear basi s  for 
a choice by the dec i s i on-ma ker and the publ i c .  

I n  granti ng penl1 ts for projects such a s  thi s  one , the Forest 
Service must cons i der the envi ronmental e'fects and the tradeoffs . 
The proposed rou te for the transmi ss i on l i ne favored i n  the . 
Analys i s  and i ts eas terly counter route appear to us to be the 
l east envi ronmental ly accep tabl e of the routes avai l abl e .  Least 
cost or shortest l ength do not necessari ly justi fy a route sel ecti on . 

We are cogni zant of the fac t that DOE ' s  d i rect i nvol vement i n  
future geothermal devel opment may be more l imi ted than your 

. i nvol vement through fundi ng of this delRons trat i on projec t .  
tJeverthel ess ,  we cons i der i t  extremely important that a n  ass�ss
ment of the l i kely l arger devel opmen t of these geothennal resources 
be mote careful ly prepared at thi s  t tme t n  order to l ocate a 
transmi ss i on l i ne corridor capabl e of hol di ng more capaci ty 
l ater. �Ji thout th i s  assessment . the transmi ss i on l i ne sys tem of 
the fu ture wi l l  l i kel y be an i n tol erabl e sp iderweb i n  one of the 
State ' s  most scenic a�as . 
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Thank you for this  opportuni ty to revi ew your OE I S. It is  ade
quate i n  organ ization and outl i ne ,  summary ,  proposal and used for 
acti on, description ,  affected envi ronment and envi ronmental 
impacts of the proposal .  

The Forest Service shoul d be l i sted in the FEI S  as a cooperating 
agency. 

Si ncerel y , 

���- { (2.�7 
JAMES C.  OVERBAY 
Acting Regi onal Forester 
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RESPONSE TO USFS COMMENTS 

Public Utility Company of New Mexico (PNM) and U . S .  Forest Service 

me t on Sep tember 13 and 14 , 19 7 9 ,  to discuss ways PNM could meet U . S .  

Fores t Service ' s  needs for identificat ion o f  long-range corridor require

ments as ident ified in their letter commenting on the Baca E1S (dated 

September 6 ,  1 9 7 9 ) . On September 17 , 19 7 9 , PNM provided U . S .  Forest 

Service with addit ional materials for review which also addressed the 

is sue of long-range corridor planning . Based on these meetings 

and the material provided , U . S .  Forest Service found that the E1S would 

adequately display the short- and long-term power requirement needs as 

now proj ected (see letter from Hassell to Wilbur dated Septemb er 24 , 

19 7 9 ;  p .  1-48 o f  the E1S) . Public Ut il ity Company o f  New Mexico cons iders 

some of the informat ion contained in their internal memo ( s )  document ing 

the September 13 and 14 , 19 7 9 , meetings and in the addit ional informat ion 

provided U. S .  Fores t Service on Sep tember 17 , 19 7 9 , to be conf ident ial and , 

therefore , does no t want it  published in the E1S . However ,  this informat ion 

has been cons idered in preparing the FE1S (Sect . 4 . 5 ) . 
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NAT I O N A L  SC I E N C E  FO U N D A T I O N  

O F F I C E  O F  T rl E  

ASS ISTANT D I R E r::T O R  FOR /\ S T R O "J O M I C A L ,  
ATMOSP H E R I C ,  E A RT H ,  

A N D  O C EJ'.N S C I E N C ES 

Ms . R u t h  C .  Cl u s e n  
As s i s ta n t  Secreta ry f o r  
D e pa rtment o f  E n e rgy 
Was h i ngton , D . C .  20585 

WA5H I N GTQhl, D . C .  20550 

Se ptember 4 ,  1 9 79 

Env i ronmen t 

Re : D E I S  o n  Geoth e lilla l  Demo n s t ra t i on prl1::: ranl � DOE/ E I S -004 9 - D  

D e a r  Ms . C l u s e n :  

Several  i nd i v i du a l s a t  t h e  Na t i o n a l  S c i ence Founda t i o n  h ave rev i ewed 

t h e  s u bj ec t  D E I S ,  and t h e i r c OrTL'Tlents a re e nc l o s e d . T h e  re v i ewers ' 

a re a s  o f  experti s e  i n cl uded chem i ca l  a n d  p roce s s  e n g i neeri n g , mete o r -

ol ogy , a n d  geol o gy 

I hope t he s e  c omments a re h e l p f u l  t o  t h e  DOE i n  formu l a t i ng a fi n a l  

E I S . 

Encl o s ure 

S i ncere l y  yours , 

/, C"'J�' ,/ftta,U/ r )/ o>�-,� 
Ada i r  F .  M o n t g ome ry 
C ha i rman 
Comm i ttee on E n v i ro nme n ta l 

S ta teme n t s  
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NAT IONAL SC IENCE FOUNDATION 

COIIII1ents on 
Geothermal Demonstration Program 

ooE/EI S-0049-D 

I have read certa i n  secti ons of the subject -report .  There a re th ree matte rs 
of concern : ( 1 ) The rel ease of hydrogen sul fi de ; ( 2 )  The dri ft from the coo l i ng 
towers and i ts effec t on the envi ronment ;  and ( 3 )  The amount of the re l ease 
from the cool ing towers . 

On page 2-27 , secti C'n 2 . 2 . 5 . 3 Wa ter use . the s ta tement appears , liThe rel ease 
of vapor' by the cool i ng tower i s  the primary consumpti ve use of water by the 
pl ant and i s  abou t  1 07 kg/sec (820 , 000 l b/ hr) . 11 Th i s  amount,  about 98 , 236 
gal l ons per hour , seems to me to be very h i gh ,  and I woul d be concerned about 

- thi s  rel ease to the envi ronment .  
-

p .  58 - Note that reported surface wi nd speeds at " proj ect s i te" and "mea dO\,,1 
s i te" are qui te di fferen t.  

p .  59 - Mi nimum temperature of 90° F shou l d  be -90°F. 
Otherwi se . Section 3 . 1 . 4  on Meteoro l ogy s eems adequate . 

We need to i n vesti gate many a l ternati ve sources of energy , and we know very 
l i ttl e about the po tential  of vario us types o f  geotherma l reservoi rs .  Th i s  
i s  a wel l -pl a nned and wel l - researched project ; and , granted that a l l the data 
are correct, i t  s houl d have much l ess env i ronmenta l impact than a coa l -fi red 
or a hydroel ectric pl ant. 

I t  is a s hame that , havi ng amassed so much i n formation , the authors don ' t  
present i t  better. The wri t i ng ,  wh i ch I fear i s  passabl e by today ' s  l ow 
standa rds , i s  rea l ly i n ferior.  I t ' s  i nte l l i g i bl e  but s l oppy . Moreover , 
some of the concl usions coul d be more expl i c i t.  For exampl e ,  on pp . 3-27 and 
3-28 , possibl e geolog i c  hazards are i denti fi ed (correc tly )  as ea rthquakes , 
l ands l i des , and vol can i c  eruptions . Then a s tatement i s  made--a l most as 
an afterthought--that "no vol can i sm  is expected to be i nduced by proj ect 
acti vi ty. It Most assured ly . But do the authors want to imply that the project 
may i nduce earthquakes or l ands l i des? I woul d thi nk not . Moreover ,  shoul d 
any or al l of these hazards occur , the i r  envi ronmen ta l effects wou l d  not be 
al tered si gni fi cantly by the presence of the pl ant , and thi s  shoul d be s i mp ly 
s tated . 

In summary, the bas i c  proje�t i s  sound , and any adverse envi ronmenta l impacts 
wi l l  be few and smal l (even the sal amanders shoul d s urvi ve okay ) . The 
Envi ronmental Impact Statement wou l d  be more effecti ve i f  i t  were better 
wri tten . 
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RES PONSE T O  NS F COMMENTS 

p .  2 -27 . The vapor re l ea s e d  by the cool i ng t owe r i s  g eotherma l  fl u i d  

condens a te a nd i s  typ i ca l  for a fl as hed-s team g eo therma l p l ant . 

Dr i ft rate s are s ub s tanti a l l y  l ower . 
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DEPA R T M E N T  OF H EALTH,  E D U C P,T I O N,  A N D  WE LFA R E  
P U B L I C  H E A LTH S E R V I C E  

CENTER F O R  DISEASE C O N T R O L  
ATLANTA; G E O R G I A  3 0 3 3 3  

Ms. Ruth C .  Clusen 
As sis tant Secreta ry for Environment 
Depar tment of Energy 
Washing t on ,  D . C .  20585 

Dear Ms . Clusen : 

Au gus t  31 , 1 9 7 9  

W e  have revie�ed the Dra f t  Environmental Impact St atement (EIS) f or the 
Geo thermal Demons trat ion Pro gram , 50 HWe Pmver Plant , Baca Ranch ,  
Sandoval and Rio Ar riba Coun t i e s ,  New Mex ic o . We are resp ond ing on 
b ehal f of t he Pub lic Health S e rvic e .  

While we recogni z e  the need for pur suing al ternat ive energy sourc e s , we 
hold some c oncern s  wi th the Baca Ranch Geot hermal Demons t r a t ion Pro gram 
as propo sed . 

With regard to health and saf ety , a quan t itative a s s e s sment o f  the 
a c c id ent s and inj uries assoc iated with cons truct ion and operat ion of the 
p roj ect should be provided in the EIS . In addition , the o c cupat ional 
health and safety program that will b e  in st ituted during construct ion 
and operat ion of the wel l  f ield and plant facilities should be desc ribed . 

We are aware that noncondens able gases are formed in the vapor phase o f  
a geothermal source . The release o f  the se gases and vapors f rom a c c idents 
or equipment malfun c t ion could cause serious c onsequen c e s  to workers or 
vis itors in or around the s ite . The type and potential health e f f e c t s  
o f  the gases and vapors associated with p lant operat ions and the preven
t ive measures to be employed should be discu ssed . A discus s ion of the 
po tential pre sence or release of rad ioac t ive sub s t ances in e i ther wat er 
o r  air should also be addre s s ed . 

We are also concerned with the adverse e f f e c t s  as sociated wi th blowout s , 
p ipe rup ture , and cross-contamina tion o f  shallow water aquife r s . The 
p robability of these event s  oc curring should be addressed . 

With regard to blowouts and p ip e  rup tures , we bel ieve the s p i l l  prevent ion 
pro gram should considet the construct ion o f  emergency drainage fac ilit ies 
and retent ion bas ins to contain accid ental spil l s . In concl u s ion , the 
l ikelihood of contaminat ing local wel l s  should be thoroughly d iscussed . 
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-

Page 2 - Ms .  Ruth C. Clusen 

... 
Thank you for the oppor�unity of reviewing thi� draft EIS . We would 

appreciate receiving two copies of the f inal statement when it is 

available . 

Sincerely yours , � 
14· 9r��?1;/ . Chief � Envirolnnental Affairs Group 

Environmental Health SeL�ices Division 

Bureau of State Services 

• 
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RESPONSE TO PUBLIC HEALTH SERVICE COMMENTS 

The province of worker safety and worker environment is briefly 

addressed in the DEIS but is considered as a separate requirement upon 

the proj ect and that all applicable standards and regulat ions will be 

adhered to . 

There are specific protect ion programs for worker safety with 

regard to geothermal fluids , noncondensible gases , and noise that the 

commercial partners adhere to on this and other proj ects . 

The commercial partners have a spill prevention program on file with 

the State of New Mexico (see Appendix G) . 
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U N ITED STATES D EPARTM ENT OF A G R I C U LT U R E  
R U RAL ELECTR I F ICAT I O N  A D M I N I ST R AT I O N  

WAS H I NGTON. D . C .  20250 

Dra ft Env i ro nmental Impact Statement Geo th erma l 
SUBJECT: Demo n s tra t i o n  Pro g ram 50 MW Power Pl a n t , Baca 

Lo ca ti o n , Sandoval  and Ri o Arri ba Co u n t i e s ,  New Mex i co 

TO: Mr . Ben n i e  G .  Di bo n a  
U . S .  De partment o f  Ene rgy 
Di v i s i o n of Geo t herma l En ergy 
Wa s h i n g to n , D . C .  20585 

l ;" . ' �  .. ' .  
o L : U  �j 

The Rura l E l ectri f i c a t i o n  Adm i n i s tra t i o n  ( REA) ha s rev i ewed the 
Geo thermal Demo n s tra t i o n  Pro j ec t  a t  t h e  Baca Ra n c h  i n  New Mex i co a n d  
o ffers the fo l l owi n g  commen t s : 

. 

No REA- f i n a nced coo pera t i v e i s  d i rect l y i nvol ved o r  parti c i p a t i n g  i n  
t h e  Baca Ran c h  Pro j ect a t  th i s  t i me .  Therefore , the i n te n s i ty o f  o u r  
r e s e a r c h  i n to t h i s document ha s been l i m i ted . T h e  do cumen t ,  however , 
does c o n ta i n  l i m i ted d i sc u s s i o n s  o n  i tems s u c h  a s  wetl a n d s  a n d  fl ood
pl a i n s ,  p r i me a n d  u n i que farml a nd , a n d  h i s to r i c a l  preserv a ti o n . 
Mi t i ga t i n g measures  a re not i c e a bl y wea k i n  a few s ec t i o n s  of the 
document s u c h  as  S e c t i o n s  4 . 1 . 4 ( Impacts o n  B i ota ) a n d  4 . 1 . 5  
( So c i oeconom i c a n d  C u l tural  Impacts ) .  

Tha n k  yo u for the o p portu n i ty to rev i ew a n d  comme n t  o n  the draft 
e n v i ro nmental  i mpact s ta tement . 

C HARLES T .  CROW LEY 
Ch i ef ,  E n v i ro nmental Serv i c e s  Branch 
Env i ro nmenta l a n d  Energy 

Re q u i reme n t s  Di v i s i o n  
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RESPONSE 

Mitigat ion measures to reduce impacts on impo rtant wild life species 

are discus sed wit hin the sect ions of  the FE IS which analyze the po tential 

impacts on these species and within Chapter 11 - Mitigat ion and 

Monitoring . The mi tigat ion plans that concern the Jemez Mountains 

salamander have been approved by the New Mexico Game and Fish Department . 

Mitigation for effects on rare plan ts has been cleared through the Direc tor 

o f  New Mexico Heritage Program . It has been recommended to the commercial 

partners that mitigat ion of effects on game species , elk in part icular , 

be finalized through consultat ion with the New Mexico Game and Fish 

Department . 



reply refer 10: 
Mail slop: 

ADTS 
1 20 

Ms .  Ruth C .  Clusen 
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Assistant Secretary for Environment 
Office of Environment 
Mail Station 4G-084 
US Department of Energy 
Washington , DC 20545 
Dear l{s .  Clusen : 

September 6 ,  1979 

In response to your inv itations to comwent on the DEIS for the 
Geothermal Demonstration Program , 50 �We Power Plant , Baca Ranch , Sandoval 
.and Rio Arriba Counties , New Mexico (DOE/EIS-0049-D ) ,  addressed to the LASL 
Director , Dr . Donald M. Ker� , and the LASL Environreental Review Committee 
Chairperson , Barbara Wade , we would like to submit the following statement . 

We believe there are some possible additions to the Draft 
Environmental Impact Statement (DEIS ) that would indicate how the 
demonstration proj ect will achieve its general objective . In general , we 
would like to suggest that additions to the discussions regarding 
mitigating measures and monitoring efforts would aid in demonstrating how 
the proj ect will be able to succeed in its spec ific objective to 
-demonstrate the social and env ironmental acceptability and the readiness 
of state-of-the-art technology for- the production of electrical power • • •  " 

( page 2-2) . 
Several specific examples of possible addi�ions are described in the 

following paragraphs . They are divided into issues related to the LASL 
site and to the project in general . 

LASL Site Comments 

As regards the portion of the proposed transmission line across the 
LASL site , there are some . environmental matters that may require 
consideration in addition to the land use planning and visual impacts noted 
in the DEIS ( Sec . 4 . 4 . 1 . 1  and 4 . 4 . 1 . 5 ) . Depending on the particular route 
selected , there could be potential impacts on elk forage , the Federally 
listed and threatened blue gramma grass cactus (Pedioc·actus papyrocanthus) , 
and archeological sites . We do not anticipate that any of these matters 
are likely to · be  serious , and LASL per�nnel will be available to 
participate in detailed final planning to help avoid or minimize any such 
problems . 
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�� . Ruth C . · CI us en -2- Septeaber. 6 , ·  1 979 

. Long Range Planning 

The DEIS brings out the probability of expanding geothermal production 
from 50 MW to 400 MW and that the cumulat ive impacts from such expans ion 
are likely to be substantially greater than from the demonstration project 
( Sec . 4 . 5 ) . More consideration should be given to presenting a long range 
land use plan for the proposed fac ility and its expansion . Such long range 
land use plans should define , if only in schematic fashion , the l ikely 
locations of , and the functional interrelationships between the geothermal 
well fields , roads , piping systems , power plants , and transmission l ine 
corridors . Doing so will more clearly define the nature of the proposed 
development and the impact it will have on the National Natural Landmark . 
and other surrounding land uses . In addition to land use plans , it should 
be possible to di scuss how knowledge gained from monitoring during the 
demonstration phase ��ll be incorporated into the subsequent designs for , 
additional plants to improve mitigation measures as necessary . For 
example , if the air quality monitoring during the operation of the 
demonstration plant shows that standards are not being met , the FEIS should 
discuss measures that could be taken to improve controls on that plant ' s  
emissions and alternatives for process design and siting of additional 
plants that would ensure environmental acceptability of expansion . Similar 
d iscussions should be included on potential effects and mitigating measures 
on groQ�d water a�d hot springs , elk habitat , and appearance of the 
National Na tural Landmark . Such discussions seem important because it is 
the intent of the Federal program to accelerate commercial development and , 
as indicated in the DEIS , no further Federal environmental review would be 
expected for the commercial expansion from 50 MW to 400 HW .  

Accidents 

The effects of an accidental spill of geothermal fluid are described 
as being potentially severe ( Sec . 4 . 3 . 3 . 2 ) . It would be desirable to 
incl ude a discussion of possible mitigating measures that would limit the 
extent of damage to the million-dollar-a-year fishery downstream . For 
example , it should be possible to consider including a holding pond or 
ponds on Redondo Creek. Such ponds could be equipped with control gates 
that would permit normal flow from Redondo Creek Under normal operation , 
but would limit or prevent flow from a large accidental- spill . · This 
approach might also be effective in mitigating effects of large sediment 
loads expected during construction ( Sec . 4 . 1 .2 ) . 
Monitoring 

Because one of the principal - objectives of the project is to provide 
information on environmental aspects and demonstrate environmental 
acceptabil ity , we encourage expansion of the section on Monitoring ( Sec . 
1 1 )  in the FEIS to include discussion of the monitoring programs being 

planned at the time of DEIS preparation . For example , some expansion of 
the sections on nora! monitoring , ground water monitoring , and seismic 
monitoring might be in order . 
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Hs . Ruth C.  q usen -3- September 6 ,  1 97 9  

T ransm i s s ion C o r r i d o r s  and L ines 

An al t e r native link that might be cons i d e r e d  for e i ther o f  the two 
basic transm iss ion corridors d e s c r i b ed ( Sec . 3 . 2 )  would be to approaoh the 

LASL s i te tho ugh Canyon del Val l e . Thi s  \-lOuld not alter the l engths 

apprec iably and may pre sent some a dvan tages e s pec ialJ .y in r e l a t i on to 
min imizj rip; v isual im pac t s  for Los Al amos . I t  might a l so be easiep 

cons trucU. on . 

We hope these sugg e s t ions wi l l  be use ful in prepar a t i on of the F in a l  
E IS ; if there is anything further' we c an d o  in t. h i s  ma tter , please do not 
hesi tate to cal l . 

CIB : mar 

Since rel y , 

ta /1r� C .  I .  Bro�e 

Assoc iate Director 

for T e ch n i c al Suppor t 



1-61 

RESPONSE TO LASL COMMENTS 

Expanded discussions of future expansion , accidents , monitoring , and 

transmission lines have been added to the FE1S in Sections 4 . 2 ,  4 . 3 ,  and 

4 . 5 respective ly . 
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Conments From The State of New Hex; co 
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STATE OF NEW MEXICO 
NATURAL RESOuRcES DEPARTMENT 

August 14, 1979 

VIIIacr. Bw1diaa s..t. Fe. New Mexico 875O.J 
(5os) 127-5131 

lis. Ruth C.  Clusen, Assistant Secretary 
for Enviromaent 

Depart-.ent of Energy 
Washington, D. C .  20585 
Dear Ms .  Clusen : 

Thank you for the opportunity to review your Draft Environmental IlIIpact 
Statement on the Geothermal Demonstration Program in Sandoval and 
Rio Arriba counties , Hew Mexico. 

There is one question I would like to ask and · that is concerning the 
Aquatic Ecology part (3 . 1 . 5 . 2 ,  page 3-72) of this report . During the 
Su.aer of 1978 a survey was conducted by Whitford Ecological Consultants 
in Sulfur Creek, at which time . they observed some sculpins (Cottus bairdi) . 
If this observation is correct , it would be a new range extention for the 
sculpins in New Mexico . Thus far the only collections of this fish are 
from the San Juan river . I would certainly be interes�ed in obtaining 
.,re indepth information on this observation , as it would certainly be a 
noteworthy record for our state . 

In addition we have obtained new localities for certain proposed endangered , 
threatened or rare plants since the draft EIS vas published . Species having 
new site locations in the general area include : Viola pedatifida (Sawmill 
Meadow) , Lilium philadelphicua andinua. (Paj arito Canyon) , Pediocactus 
papyracanthus (White Rock) and Epipactis gigantea (White Rock) . Data viII be 
supplied on these sites as it is needed. 

We will be looking forward to working with you in the future. 

stnc:relY� 
�� -� --- . .  �ill . F. I�cs , Program �rdinator 

Rev Mexico State Heritage Program 
Jt::z .�ta1 Analyst 
Rev Mexico State Heritage Progra. 



1-64 

Respons e :  

The source for the observati on o f  scul p i n s  i n  San Anton i o  Creek 

i s  Fl avi l l , P .  and W .  G .  Whi tford . 1 97 8 .  The Bi ota of Redondo Creek-

U n i on Baca Geotherma l Expl orati on S i te ,  Sandova l County ,  N . M . Whi tford 

Ecol ogi cal Consu l tants , Las Cruces , New Mexi co . The report i s  avai l abl e 

i n  the publ i c  readi ng room i n  the Santa Fe Nati onal Fore s t  Headquarters 

i n  Santa Fe . For add i t i onal i nformati on you m i ght contact the authors 

at  421 0 Tes ota Dri ve , Las Cruces , N . M .  88001 . 
• 



BRUCE KING 

GOVERNOR 

WllUAM S. HUEY 

SECRETARY 

! NATURAL RESOURCES 

F· 

STATE OF NEW MEXICO 
NATURAL RESOURCES DEPARTMENT 
FC�ESTRY DMSION 

P.O. BOX 2167 SANTA FE 81503 
827·2312 
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I - INFORNATION 
General August 24 , 1979 

Mr. Bennie G.  DiBona 
Division of Geothermal Energy 
Room 3l2ZC 
Department of Energy 
Washington , DC 20585 

Dear Mr .  DiBona : 

RAYMOND R. GAllEGOS 

STATE FORESTER 

Thank you for the opportunity to comment on the Draft Environmental 
Impact Statement , DOE/EIS-0049-D , Geothermal Demonstration Program ,  
5 0  }�e Power Plant , Baca Ranch , Sandoval and Rio Arriba Counties , 
New Mexico (July 1979) . I would like to limit my comments to poten
tial impacts involv'ing recreation and timber production on the Baca 
Ranch and surrounding National Forest and National Monument lands . 

As stated in the draft EIS , recreational impacts would be mainly 
visual , with the exception of possible encroachment by Corridor 2 
into a potential wilderness designation south of highway 4 .  
Aesthetically , I feel Corridor 1 - the Baca corridor would have the 
least impact , even though the Baca corridor crosses the Guaj e trail 
and passes close to the Paj arito Ski Area and Camp May . Routing 
Corridor 2 north of highway 4 as an alternative , would result in 
aesthetic degradation of the Valle Grande itself and threat the 
possible inclusion of the Valle into the National Natural Landmark 
Program. 

Impacts to timber production for commercial uses is an important 
activity in the National Forest System .  We are concerned , however ,  
with commercial timber production on private ' forest lands a s  a service 
oriented organization . The Baca Ranch has great potential to yield 
commercial timber on a sustained yield basis . Des tructive logging 
of the past has left areas of high slash concentrations and unsightly , 
denuded slopes . If alternatives could be outlined concerning proper 

. silvicultural methods , timber 'production may reach a higher pri'ority 
on the Baca Ranch . I feel the impact of corridor and plant construc
tion would be negligible to the production of commercial timber with 
the exception of those areas immediately adj acent to the corridor and 
plant site . The corridor may e ffectively remove many acres from poten
tial , commercial timber production on the Baca Ranch . 
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More information should be made available· concerning the effect con
struction of the corridor will have on commercial timber volumes .  both 
existing and potential . 

The exploration of energy producing alternatives . includ ing geothermal . 
is important to continue adequate service to the cit izens of New Mexico 
and the United States as a whole . No one development will answer all 
of our need s .  We need to know bow our renewable resources can be 
integrated into an overall program to meet demands which our supplies 
of coal , natural gas . and oil can no longer meet . I fee l .  with the 
present information included in tbe EIS . a 50 MWe Power Plant could 
be built with minimal environmental impact in the Redondo Creek area 
of the Baca Ranch . 

DG/DDB : cl 

Very truly yours , � n .'/?h/��I� {l'I/I�JI�W . 

ydOnd R.. Gallego 
State Forester 
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Response 

A discussion of acerages lost to timber production as a result of  

the transmission l ine has been included in  the FE1 S  (Section 4 . 4 . 1 . 1 ) . 



Dl\UCE KING GoYe<nor 

1-68 

STATE OF NEW MEXICO 
NATURAL RESOURCES DEPARTMENT 
WATER RESOURCES DIVISION 

August 27 , 1 979 

S.E. P.eynoIds. State En9in� 
Dotoon Memorial [}uilding 

Sonto Fe. New Mexico 67503 
(505) 627·2526 

Mr. Benni e G .  Di Bona 
U. S.  Department of Energy 
Di vi s i on of Geothermal Energy 
Room 31 22 C 
Washi ngton , DC 20585 
Dear Mr. Di Bona : 

Your l etter of July 1 1 ,  1 979 i nvi tes comments to the Draft Env i ronmen tal  
Impact Statement of the Geothermal Demonstration Program , 50 ��e Power 
Pl ant, Baca Ranch,  Sandoval and Ri o Arri ba Counti es , New Mex i co . 

In 1 97 3  the s ta te l eg i sl atu re gave to the Oi l Conservation Di v i s ion the 
authori ty and duty of regul ating the d r i l l i ng , devel opment and prod uction 
of geothermal resources and the authori ty and duty o f  conserv i ng and 
preventi ng waste of geothermal resources wi t h i n  the s tate . The 1 97 3  l aw ,  
Secti on 65-3:-1 1 . 2 NMSA, was repeal ed i n  1 97 5  and repl aced by Sec t i o ns 
71 - 5- 1  thru 71 - 5-23 ,  1 978 Annotated . The s tatute provides that not h i ng 
i n  the act s hal l be con strued to supersede the authori ty wh i c h any s tate 
department or agency has with respect to the management ,  protection , and 
uti l i zation of the sta te l ands and resources under i ts juri sdi ction 
(Section 7 1 - 5-6 ) . 

Under the New Mex i co Constitution and case l aw the surface water and the 
underground water of the state bel ongs to the publ i c  and a re subj ect to 
appropri ation in accord ance with  state l aw. The State Engi neer has  
jur i sdi cti on of the appropri ation of al l surface water o f  the s tate and 
ground water within  the boundaries of decl ared und erground water bas i n s . 
Outs i de such decl ared bas i n s  a person may d ri l l a wel l and a ppropri ate 
the ground water wi thout a permi t  from the State Engi neer . 

In add i tion to any permi ts that may be requi red by the O i l  Conservation 
Di vi s i on , it  w i l l be neces sary for the pers on des i r i ng to dri l l  a 
geothermal wel l from wh i ch water , e i ther i n  gaseo u s  or l i q u i d  state , wi l l  
be wi thdrawn from geo1 oaic formations w i th i n  a decl a red und erground water 
bas i n  for the purpose of ut i l i z i ng the thermal energy to fi rst o bta i n  a 
permi t from the State Engi neer to d ri l l  a wel l and appropr i ate publ i c  
waters . The State Eng i neer may grant s u c h  a perm i t  onl y upon h i s  f i nd i ng 
that i ts exercise wi l l  not impa i r  ex i st i ng water r i g hts . Any person 
des i ri ng to dri l l  a wel l for wa ter wi t h i n  a decl a red und erground water 
bas i n  mus t be l i censed by the Sta te Engi neer . 
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The Baca Ranch i n  Sandoval a nd R i o  Arri ba Counti es , New Mex i co i s  l ocated 
in that portion of the R i o  Grande Underground Water Ba s i n  that wa s 
decl ared by the State En gi neer on September 7 ,  1 97 3 . After that date i t  
i s  necessary to ma ke appl i cation to a nd obta i n  a permi t from the State 
Engi neer to dri l l  a wel l and appro pri ate the ground wa ter . I nforma t i o n  
regard i ng t h e  appropri ation of surface and ground wa ter i n  t h i s  area may 
be obta i ned from th i s  .offi ce or the Di str i ct I Superv i so r ,  State Eng i neer 
Offi ce , S u i te 206 , 2340 Menau1 N . E . , Al buquerque ,  New Mex i c o ,  871 01 .  

On page 3-87 of the repo rt i t  i s  stated tha t La Cueva woul d need to form 
a water association to receive wa ter al l ocations from the State Eng i neer 
to provide for any i ncreased popu l a tion . The State Eng i neer does not 
grant al l ocations to a commun i ty to prov ide for any i ncrea sed popu l a ti o n . 
Smal l commun i ti es have formed mutual  domest i c  wa ter consumer a s soci ati ons 
and transferred i ndi vi dual domestic ground wa ter and surface wa ter r i g h ts 
into the system to obta i n  a more sani tary source of water . Th i s  procedure 
does not i ncrease the ava i l abil i ty o f  wa ter that woul d prov i d e  for a ny 
increased popul ati on . La Cueva or other commun i t i es requ i r i ng add i t i o n a l  
water wou l d  need to acqu i re ex i st i ng wa ter r i g hts t o  offset t h e  effect o f  
the i r  i ncreased appropri ation on t h e  stream system. T h e  New Mex i co 
statutes provide for the granti ng of permits for the appropr i a t i o n  o f  
wa ter from i ndi vi dual wel l s  for househo l d  use,  trees , l awns and noncom
merc i al gardens not to exceed one a cre . Th e tota l amount of wa ter that can 
be appropri ated from a wel l under th i s  type of perm i t  is l im i ted to 3 . 0  
acre feet per annum .  More than one househo l d  may b e  served from the wel l 
but the tota l amount of wa ter that can be d i verted i s  l imi ted to 3 . 0  a cre 
feet per annum and the wel l mu st be metered . 

On page 7-1 i t  i s  stated that the perm i t  i s  val i d  for five yea rs , and a t  
that time i t  wi l l  be converted to a l icen se , wh i c h  wi l l  b e  va l i d  unti l the 
project is over. I f  the State Eng i neer fi nds tha t wa ter is ava i l abl e for 
appropri at i on and i t  can be d i verted wi thout i npai r i ng ex i st i ng wa ter 
ri ghts he may a pprove the appl i cation in who l e or i n  part and , i n  general , 
requi res that the wel l s  be dri l l ed and wa ter a ppl i ed to benefi c i a l  use 
wi t h i n  four years . After the four-year per i od , extens ions of time may be 
granted for peri ods not to exceed one year if  d i l i gence is  s hown in  the 
devel o pment of the permi t .  Upon compl etion of t h e  devel o pmen t a s  contem
pl ated by the perm i t  or when as much of the water as po ss i bl e has been 
appl i ed to benefi c i a l  use the State Eng i neer i ssues a l icense wh i c h  sets 
forth the extent o f  the ri ght.  The l icense cannot be i s sued for more than 
the amount actua l l y  pl aced to benefi c i al u se and in no event greater than 
that set forth in the perm i t .  

O n  page 9-20 i t  i s  stated that the wa ter ri g hts a t  the Baca Location a re 
al ready appropri ated a nd new a l l ocations are not expected , ma k i ng the o ption 
of fresh ma ke- up water l egal ly impos s i bl e .  Appropriations  o f  fresh wa ter 
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can be granted by the State Engi neer after appl i cati on and notice provi ded 
the effects of such an appropriation on the stream system are offset i n  a 
s imi l ar manner as that proposed to offset the geothermal appropriation and 
a fi ndi ng that it wi l l  not impai r  exi sti ng water rights . 

On page 9- 2 3  i t  i s  stated that al l surface and s hal l ow water rights at 
Baca have been appropri ated . and new al l ocations are not expected to be 
made . The s urface waters of the Rio Grande a nd i ts tri butaries are ful l y  
appropri ated . However. ground water may b e  ava i l abl e for appropr i at i on i n  
thi s  area prov; ded the effects o f  the appropriation on the stream system 
are offset by the reti rement of exi sti ng water ri g hts . 

Thank  you for the opportuni ty to comment on draft envi ronmenta l impa ct 
statement. Pl ease l et me know i f  some further di scussion  of thi s  matter 
woul d be hel pful . 

Very trul y  yours , 

DEG*es 

cc. J .  T. Smi th 



1-71 

Res ponses to Water Resources D i v i s i on Commen ts . 

The Secti on on page 3-87 has been cl ari fi ed to more accurate l y  s tate the 

water s upply s i tuati on .  

Fres h make- u p  water wi l l  not be req u i red , s i nce i t  wi l l  be deri ved 

from the geothermal reservo i r .  I t  i s  expected that any future a ppropri ati ons 

affecti ng the reg i onal s urface fl ows due to shal l ow g roundwa ter depl eti on , 

geothermal reservoi r drawdown , or s tream d i vers i on wi l l  be offset by the 

ret i rement of ex i s t i ng wa ter r i g hts . Un i on Geotherma l i s  at th i s  poi nt 

negoti a t i n g  to reti re water ri ghts fo r 54 acres of i rri gabl e l ands al ong 

the Jemez Ri ver . 
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ENERGY AND MINERALS DEPARTMENT 
ENERGY RESOURCS AND OEVaOPMENT CMSION 

Hr .. 13.en:rle J)1 Bona. Director 
Division of Ceotbenaal. Energy 
MS 3122C 
Vub.i.ngtou. D. C. 20SSS 

Dear Hr. 1)1 Bona: 

September 6. 1979 
I'DSf 0I'fQ ec:. rno , Q --.sr  .001001 A� 

IW'IHfA � t«!W �1P"301 D:I!:iI G7� 

lle WCR:.l.d llU to thaDk you far the opportuuity to respond to the Baca bnch 
C.eoch.e� Df!Z'lOJlStration . 'Whil.e \1ft are very supportive of the demonstrat ion 
<In?: �ts will eel, focus oa. our evaluation of tbe .actual. draft en,,"1ron
.ent.3l. 1lDp&c:.t statement .. 

The EDel:'gT and JH.ne.rals 1)epa.ttaent views the EIS process as a 1UnageaQQt tool 
� assist:_ - in mking final. discussions OIl major federal actions.. G1.ven tbis 
stat� � fed that th::I.$ DElS on tbP. demonstra tion is a good example of h� 
• <WcUlMnt: sl'lOUld be prepared. and ve feel ellat. vith one or eva e»:e:ptio1aS this 
d�t is well prepa1:'ed • 

. 
We feel. that �1al consideration should have been given to - the socio-ec.onc:cdc 
8:X1d -religious i%t?�ts that :aight befall the several pueblos in the gemn:al area 
of the. � Randl. Ve voul& hop;e to see better info1'l!\.l.t ion relating t o  this 
in th� final US. 

Ve also feel that there is. sme question as to wether this doeument is :1ntelXIecr 
to eover �e tha:n the d� tration of 5O }Ul. If this doeumeut is int�ed to 
c:over expansioo to 50 tf'Ji or 400.!-IW we feel. that !:lOre info�tion relating t.o 
i::Ip.a.ets upoa air. vater aDd land iA ·needed for this DEIS to he a good aa.nag�t 
t:coJ.. 

CS :bc: 
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Response to Energy and Minerals Dept . 

Section 4 . 1 . 5  has been revised and Section 4 . 1 . 7  has been added to address 

impacts on Pueb lo Indians . 

As discussed in the response to the Hearing Board Summary (Appendix H) , 

the DEIS evaluated the Federal act ion o f  a 50 MW power plant in detail , 

and t reated the potential future activit ies resulting from the Federal 

action , i . e .  400 MW expans ion , only to the extent that informat ion is 

available at this time . The original 400 MW dis cussion in the DEIS 

and the expanded discussion in the FEIS should contain suff icient informa

tion on the potential future impacts to permit a decis ion to be made on 

the current p roj ect .  
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Comments from Puebl o ,  Publ i c  I n terest Groups , and Others 



B R U C E  J. T E R R I S  

E L EAN O R  M. G R A N G E R  

PH I L I P  G .  S U N D E R LA N D  

E D WA R D  H. C O M E R  

TARA HARVEY 

D E L M AR KAR L E N .  J R. 

KAR E N  H. E D G ECO M B E  

N O R MA N  L D EA N  
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LAW O��ICES 

B R U C E J. T E R R I S  
l S 2 6  1 8TH STR E O". N.W. . I 

WAS H I N GTON. D. C. 20036 
t .  

September 7 ,  1 9 7 9  

Mr .  Benn ie G .  D iBona 
U . S .  Department of Energy 
D iv i s ion .of Geotherma l Energy 
Room 3 l 2 2C 
Wa sh ington , D . C .  2 0 58 5  

Dear Mr .  Di Bona : 

( 2 0 2 )  3 3 2· 1 8 9 2  

Th i s  l etter i s  be ing wr itten on beha l f  of the Santa 
C l ara P ueblo wh ich is in north centra l New Mex ico . The ir 
re servat ion i s  d irectly ad j acent to Bac a  Locat ion No . 1 ,  which 
h a s  been propo s ed a s  the s ite 'for the 50 MW demon strat ion 
geotherma l powe r p l ant to be built by Un ion Geotherma l Com
pany o f  New Mexico ( Un ion ) and Publ ic S ervice Company of New 
Mexico ( PNM) . Th i s  letter conta ins our comment s on the 
Draft Env ironmental Impact Statement ( DE I S )  for that fac i l ity . 

The S anta C lara Pueblo i s  seriou sly concerned about 
the e f fec t s  of th i s  pro j ect on the ir way o f  l i fe and on the 
n atura l env ironment . They have inhab ited th is area for hun
dre ds  of year s . The ir way of l i fe , rel ig ion , and culture are 
int imately connec ted to the integr ity of the air , land and 
wate r in the ir r egion . They cons ider the Jeme z Mounta in s a s  
a sacred are a . A s  a re sul t , any s ign if icant harm to the lan d ,  
vegetat ion a n d  w i l d l i f e  by dr il l ing and other act ivit ies 
con st itut e s  a se r ious interference with their rel igion and 
c ulture . The pro j ect will in fr inge upon the ir re l ig ious 
and cultura l  be l ie f s , have s ign i f ic ant soc ioeconom ic e ffects ,  
c ontaminate the ir a ir and water re sourc e s ,  and permanently 
scar the natura l be auty of the are a . 

Unfortunately . the DE IS doe s not
" 

a dequately addre ss 
the se s eriou s conce rn s  of  the Santa C l ara nueblo and other 
n e a rby Indian t r ibe s .  In the fo l lowing section s ,  we will 
a ddre s s  tho se de f ic ienc ie s .  
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I 

THE DEI S  FAILS TO CARRY OUT THE REQUIREMENTS OF 
THE NAT IONAL ENVIRONMENTAL POLICY ACT AND 
THE NAT IVE AME RICAN RELIGIOUS FREEDOl-1 ACT 
RELATING TO THE IMPACT OF THE PROJECT ON 

INDIAN RELIG IOUS VALUES AND PRACTICES 

The DE I S  admit s that there are numerous sacred s it e s  
and rel ig ious shr ine s in the pro ject area and that the area 
"po s se s se s except ional [ re l igiou s ]  s ignif icance and sen s i t iv ity " 
( 3- 8 0 ) . Yet , the DEIS goe s  no further than to sugge st that 
"the rel igious s ign if icance of the area sho uld be c arefully 
con s idered in all future p l an s "  and that there is a "po s s ib l e  
impact on rel igio n bec ause of change d ac c e s s  t o  important 
rel igiou s area s  or  to indirect impact s on area s  of r e l i g io u s  
importance "  ( 3 - 8 0 , 4 - 1 2 ) . The DE I S  report s that con sulta
t ion with In dian group s on the se i s sue s h a s  occurred but g ive s 
no informat ion concerning the r e sul t s  o f  tho se con sultat ion s 
( 4 - 1 2 ) . The DE I S  make s no determination whether the pro j ect 

would actually interfere with the r e l igiou s pract ic e s  of Indian 
group s . Inde e d ,  the DE I S  scarcely ana ly ze s the i s sue and de 
vot e s  only three paragraphs of a 2 8 0 -page report to d i sc u s s ion 
of the cultural impac t s  on Indian group s ( 3 - 8 0 , 4 - 1 2 ) . Th i s  
di scu s s ion p l a in ly doe s  not con st itute the deta i l e d  analy s i s  
required by the National Environment a l  P o l icy Act . 

In addit ion , th is lack of cons iderat ion of the r e l i g iou s 
and c ultura l impac t s  of the pro j e c t  on Indians i s  inco n s i stent 
with the Department ' s  statutory man date un der the Nat ive Ame r i
c an Rel i g ious Freedom Ac t ,  4 2  U . S . C .  1 9 9 6 , wh ich e stab l i she s 
a nat ional po l icy to protect an d p re serve the rel igiou s free
dom o f  American Indians , inc luding acc e s s  to r e l ig ious s ite s . 
The statute a l so r equ ire s  the Execut ive Branch to report back 
t o Congre s s  after evaluat ing its programs in l ight o f  th i s  
statutory po l icy . In that report to Congre s s ,  f i l e d  in August 
1 9 7 9 , the Department of Energy recogn i z e d  that before it pro
ceeds with a propo sed act ion , it must do four thing s : ( 1 )  
inve st igate to determ ine whether a rel igious site i s  a f f e c t e d ; 
( 2 )  if a s ite i s  af fecte d ,  con sult with Nat ive tradit iona l  
religious leade r s  t o  de term ine whether r e l igious freedom wo u l d  
b e  infringe d ;  ( 3 )  i f  a n  in fringement i s  found , prepare alter
nate plan s which avo id the infr ingement ; a n d  ( 4 )  i f  avo idance 
i s  not fea s ible , we igh the impact on re l igio u s  freedom with 
the importance of the pro j ect . "  Report , p .  2 7- 2 8 . 
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In the pre sent c a se , the DEI S  has not adequate ly c om
pleted step two . The hear ing s  he ld on Augu st 1 6 , 1 9 7 9 , with 
Ind ian group s indicate that DOE ha s st i l l  not progr e s se d  beyond 
that stage . Tran scr ipt , pp . 1 2 1 - 1 2 3 . No determinat ion h a s  
been made whether a n  infr ingement o f  Indian rel igious va lue s 
e x i st s .  Thus , step s three and four coul d not and have not been 
done e ither in the DE I S or e l sewhere . 

As indicated above , the Santa C l ar a  Pueblo regards the 
entire Jeme z Mounta in s  as sacre d . Con sequently , re l ig iou s 
freedom would be in fr inged by the pro j ect . DOE has the re spon -· 
s ib i l ity to carry out step s three and four regardle s s  o f  whether 
spec i f ic re l ig ious  s ite s within the general area are i dent i f ie d .  
I f  a n  infringement can b e  avo ide d ,  it should prepare a p l an 
for the management and protect ion o f  t h i s  sac red are a .  I f  an 
infringement i s  inevitable , the Department should attempt to 
move the pro j ect to an a lternate loc a t ion . I f  thi s  i s  not 
f e a s ible , the pre sent pro j ect should be re j ected bec au se the 
va lue o f  thi s  pro j ec t  c le arly doe s  not j u s t i fy trampe l l ing on 
ba sic  Ind ian rel igiou s r ight s .  

Moreover , the Jeme z Mountain area po s se s se s a numbe r o f  
spec i f ic re l igious  s ite s wh ich wou l d  b e  s e r iously di sturbed 
by the pro j ect . Un fortunately , however ,  t ho se s ite s c annot be 
made publ ic' for fear that their pr ivacy and integr ity wi l l  be 
violated by unwe lcome non- Indian v i s ito r s . It  appe ars that the 
DOE posit ion is that the Indian s have reve a l e d  inadequate infor
mat ion to demon strate that a con f l ic t  actua l ly e x i s t s  with 
Indian re l igious pract ice s .  Hear ing s of 8 / 1 6 / 7 9 , p .  1 2 2 . The 
S anta Cl ara Pueb l o  submit s  that the fa ilure of the Department 
to i dentify adequately the harm to their r e l igiou s prac t ic e s  
i s  the fault o f  the Department and not the Indian s a ffecte d . 
The Department ' s  superficial con sultat ion e f fo r t s  have not been 
adequate to ident ify or c l ar i fy the re l ig ious obj ec t io n s  o f  
Indian group s .  The Department ' s  repr e sentat ive s sho ul d  con sult 
with both tradition al re l igious leade r s  an d governing o f f ic ia l s 
( on a con f idential ba s i s , i f  fea s ible ) to determine how seri

o usly the pro j ect  will interfere with impo rtant re l i g ious 
value s .  At  the same t ime , the Department should pre sent mo re 
detailed quant i f ie d  in fo rmat ion on how the pro j ec t  wil l  a ffect 
the rel igiou s s ite s which have a lrea dy been ident i f ied . For 
examp l e , Redondo Peak ha s been identi f ie d  as a sacred s ite 
( 3- 8 0 ) ; yet no determinat ion has been made whether no i se wil l  

reach that area ( 4 - 1 1 ) . No i se data from o ther part s  o f  t he 
are a wil l  he lp Indian group s to evaluate their re l ig io u s  ob
j e c t ion s .  In addit ion , many Indian group s u se the water s  o f  the 
Jeme z River for rel ig iou\s c eremonial and o ther p urpo se s ( He ar
ing s  of 8 / 1 6 / 7 9 , p .  5 6 ) . Yet no det erminat ion h a s  been made a s  
t o  how ser iously the pro j ect wil l  a f fect these par t icular are as .  
Furthermore , the DE I S fa i l s  to analyz e  the pro j ec t ' s  imp act on 
the migrat ion of wil dl ife wh ich are e s sential to Indian re l i
g iou s pract ice s .  
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After this con sultat ion is c omp l eted , DOE mu st comp l e t e  
step s three and four of the methodo logy with regard t o  a l l  
spec i f ic rel ig iou s s ite s whic h are iden t i f ie d .  S ince a lter
nat ive s ite s are ava ilable both within and out s ide the Jeme z 
Mount a in s  and bec au se the report admits that the pre sen t s ite 
has more envi ronmenta l con f l ic t s  than any other s ite ( 1 0- 6 ) , 
it i s  c lear that a lternative s wh ich do not in fr inge on Indian 
re l i g ious pract ic e s  do e x i st . We the re fore be l i eve that , if  
the  Department fol lows it s own proc e dure s un de r the Indian 
Rel igious Freedom Ac t ,  thi s pro j ec t  must be re j ected . 

In any event , the requirements of the Ac t mu st be com
pl ie d  with . After thi s  has been done , a new DE I S  shoul d  be 
prepared which con s i de r s  the e ffec t s  on re l ig ious prac t ic e s  and 
the a lternative s ava i l able . Suc h  ana ly s i s  o f  impact s an d a l te r
nat ive s ,  a s  Sec t ion 1 0 2 ( 2 )  ( C )  spec i f ic a l ly provide s ,  con stitut e s  
the very ba s i s  o f  any a dequate environmental impact sta tement . 

I I  

THE DEI S  FAILS TO ASSESS 
THE SOC IOECONOMIC IMPACTS OF THE PROJECT 

ON IND IAN TRIBES IN THE AREA 

Taken together , the tota l number o f  page s in the DE I S  
devoted t o  soc ioeconomic impac t s  o n  Ind ian t r ib e s  doe s  not ex
ceed more than about 3 page s of a 2 8 0 -page report . See pp . 3 - 3 ,  
3 - 4 7 ,  3 - 8 0 ,  3 - 8 4 , and 4 - 1 2 . Thi s  coverage i s  whol ly out of 
proport ion to the tremendou s impact that the pro j ect wil l have 
on Indian s in the area . In compar i son , at l e a st 1 0  page s are 
devoted to the impac t s  on non- Indian s . S ee pp . 3 - 8 1  to 3 - 8 9 , 
4 - 3 8  to 4- 3 9 . 

The cause of th i s  fa i lure i s  not d i f f icult to uncove r . 
The con sultant who eva luated the soc ioeconomic e f f ec t s  of the 
pro j ec t de l iberately e xc luded Indian Pueblos from the loc a l  
impact study area ( 3 - 8 4 ) . The rat ionale for thi s  exc lu s ion wa s 
that " [ Indian ] l ands are not norma l ly open to r e s ident ial de 
velopment by non- Indian s "  ( I d .  at 3 - 8 4 )  . 

Thi s  rationale i s  patently erron eou s .  I t  a s sume s that 
soc ioeconomic e f fects on Ind ian l ands woul d  only occur i f  there 
were direct r e s i denti al con struc t ion on tho se l ands . Howeve r ,  
many other a spe c t s  of the pro j ect have d irect and indirect 
soc ioeconomic e f fec t s  on In dian group s . The number an d scope 
o f  the se impac t s  indic a te £bat the study should have g iven at 
l e a st equal con s i derat ion to impact s on Indian an d non- I n di an 
l and . Indeed , g iven the trust re spon s ib i l it i e s  o f  the Un ited 
Stat e s  to protect the Indian s ,  the study shoul d  probab ly have 
given more con s iderat ion to the e ffect on nearby Ind ian t r ibe s .  
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The pro j ect will bring a maximum o f  2 50 worke r s  into 
the area , together with the ir dependents ( 3 - 8 1 ) . Th i s  in 
creased populat ion wi l l  have many soc io economic e f fec t s  on 
Indian group s .  It wi l l  strain the ex ist ing hou sing supply , 
wh ich ha s alre ady con sume d almo st a l l  the ava i lab l e  land 
( 3 - 8 6 ) . Mo st worker s who move to the area will l ive in tem

porary hous ing , such as c amper s , trailer s ,  and recre a t ion al 
veh ic l e s  ( 4 - 1 3 ) . The se temporary fac il it ie s  o ften markedly 
reduce the ae sthet ic beauty of the area . The c h i l dren o f  in
coming workers \<7i l l  add to the burden o f  schoo l s  serving tho se 
Indian children who rece ive the ir educa tion o f f  Indian lands . 
The addit ional tra f f ic on loc a l  ro ads wil l further conge s t  
the se roads and cau se increased no ise and act iv ity . The pro
j ect wil l  bring $ 4 . 2  mil l ion in payro l l  to the area ( 4 - 1 4 ) , 
thereby incre a s ing deman d for loc a l  goods and serv ic e s ,  in
cre a s ing in f l a t ion , and reduc ing the purcha s ing power of Ind ian 
re s i dent s . F inal ly , the pro j ect wil l l ik e ly increase the num
ber of non- Indian s in the are a , thu s aggravat ing the minor ity 
status of the e x i st in g  Indian populat ion . 

The pro ject a l so has a potent ial for employin g Indian 
worke r s . Yet , no ana ly s i s  ha s been made as to whether there 
are In dian s pre sently or potent.ia l ly qual i f ied to work on the 
pro j ect and ,  i f  so , how th i s  can be accomp l i she d . Ut i l i z at ion 
of r e s ident In dian worker s could have the benef ic ia l  e f fect o f  
reduc ing the need for out s ide labor , thereby reduc ing the po
tential increased burden on commun ity se rv ic e s  an d r e sourc e s . 
In a ddit ion , such Indian worker s are more l ikely to be mo re 
sen s it ive to the need to protect the env ironment of the area 
and thereby more l ike ly to be more sen s it ive to reduc ing en
v ironmenta l ly harmful acc idents . 

I I I  

THE DEI S  FAILS TO ANALY ZE THE IMPACT OF 
THE PROJECT ON WATERS USED BY IND IAN TRIBES , 

INCLUDING A REDUCT ION IN WATER FLOti AND 
THE ACC IDENTAL DI SCHARGE OF CONTAMINATED WATER 

INTO THE JEME Z RIVER 

The P ro j ect i s  directly a d j acent to Redondo C re e k , wh ich 
is an important tributary of the Jeme z Rive r ( 3 - 4 0 ) . That 
r iver i s  heav i ly used by the Indians for irr igat ion and l ive
stock and for dome st ic , bathing , an d me dic inal purpose s .  Hear
ings of 8 / 1 6 / 7 9 , pp . 3 7 ,  56 . Yet the sole re ferenc e to In dian 
wate r use is a s ingle sentence , wh ich sta t e s  that " In d ian s 
l iving on the ,Jeme z Rive}:' are among tho se having r ight s to 
surface water " ( 3- 4 7 )  � The EIS conta in s no d i sc u s s ion o f  the 
impact of the pro j ect on Indian water use and water qual ity . 
Although the Santa C lara Pueblo doe s  no t d irec t ly u s e  Jeme z 
wate r s , it support s the right s o f  other Ind ian group s that do . 
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The DEI S  recogn i z e s  that the pro j ec t  may reduce surface 
water f low in the Jeme z River , but predic t s  that the reduct ion 
wi l l  be de min imu s ,  s inc� it wi l l  be le s s  than 1% of the lowe st 
f low recorde d ( 4 -1 9 ) . Neverthe le s s ,  to compen sate for that 
re duc t ion in the wate r she d ,  Un ion h a s  app l ie d  for a permit to 
withdr aw over 34 acre s of irr igated crop l and from irr iga
t ion by Jeme z R ive r water ( 2 -2 7 ) . Bec ause th i s  irr igated l and 
i s  upstream from Indian l ands , the DOE Pro j e c t  Manager h a s  con
c lude d  that su�face water f low to Indian l ands wi l l  not be 
a f fected at a l l . Hear ings o f  8 / 1 6 / 7 9 , p .  1 2 6 . 

There are two prob lems with th is an a ly s i s .  F i r st , a l 
though there may be n o  detriment in t e rms o f  decrea se d  water 
f low] there wi l l  be a detriment in t e rms o f  reduce d  ir r igated 
l and in the are a . The DE I S  doe s not spec i fy how this detr iment 
wil l  a f fect the region . 

Secon d ,  the DE IS fa i l s  to eva luate the impact on wat e r  
f low which would r esult from ful l - sc a le deve lopment t o  4 0 0  MW 
or from coordinated deve lopment of geo therma l p l an t s  on sur
roun ding lands . F u l l - scale deve lopment is pre dicted to increa se 
hydro logic impact s  by a fac tor of 8 ( 4 - 6 5 ) . Presumably , thi s 
f igure wa s determin ed by s imply f inding the ratio betwe en 5 0  MW 
an d 4 0 0 MW .  However , such mul t ip l icat ion doe s  not a lway s pro
vide an ac curate pre d i c t ion of the real qual itative impac t .  For 
examp le , · the re sult ing 8 %  decrease in the f low of the Jeme z 
R iver , or the compen satory withdrawal o f  ove r  2 7 2 ac re s o f  
irr igated lan d ,  may have impact. s  wh ich are no longer de min imu s .  
In addit ion , geo therma l development o f  surroun ding l an d s  wil l 
further exacerbate the water supply problem , s ince mo st o f  
those pro j ec t s  appear t o  l ie within t h e  wat e r shed formed by 
the headwater s  o f  the Jeme z R ive r ( see 2 - 3 0 , 3 - 4 0 ) . When the 
tota l e f fects of the se addit ional pro j e c t s are con s ide re d ,  
the re SU l t ing reduct ion in water f low cannot be d i sm i s se d  a s  
in s ign if icant . 

The sect ion o f  the DEI S  on water qual ity i s  a l so se ri
ously de f ic ient . The DE I S  states that the so l e  impact on water 
qual ity wil l be from acc ident s ,  s ince all d i scharge s from nor
ma l p lant operation wi l l  be r e in j ected into the geotherma l 
re servo ir ( 4 - 1 9 ) . The acc ident wh ich would have the greate st 
impact on water qual ity is said to be the fa ilure o f  the geo
therma l f lu id supp ly and d i spo sal sy stem ( 4 - 4 1 ) . Such fa ilure s 
may re sult from we l l  blowouts , rupture s o f  we l l  c a s ing or 
pipe l ine , or fai lure s of dr il l ing sump s . The DE I S  say s that 
the probab i l it i e s  of occurrence of the se acc ident s range from 
" occ a s ional " ( 4 - 4 2 )  to lI it:npo s s ible to e st imate ll ( 4 - 4 5 ) . Thu s ,  
it wou l d  appear that the �c umulat ive po s s ib il ity o f  such an acc i
dent i s  sUbstant ial . The DE I S  should be a s  spec i f ic a s  po s s ible 
in quant ify ing or , at the least , de sc r ib ing t h i s  dange r . 
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The DE I S  a l so doe s not adequate l y  an aly ze the h arm wh ich 
would re sult if an acc ident occur s . It say s that , in the c a se 
o f  a rupture in the p ipe l ine sy stem , geothe rma l f l u i d  heated 
to 3 3 0-o F an d contain ing 1 6  tox ic e l emen t s  would sp i l l  into 
Redondo Creek and then f low into the Jeme z R ive r ( 4 - 4 3 to 4 - 4 4 ) . 
The DE I S  an aly ze s the impac t of th i s  di scharge on aqua t ic b io t a  
( 4 - 4 3 ) , but who l ly f a i l s  t o  ana lyze it s impact on down st ream 

water u se s , such a s  drinking and irrigat ion . In addit ion , t he 
DE IS f a i l s  to spec i fy how water user s wil l be not i f ied o f  acc i 
dent s i n  t ime t o  protect the ir hea lth and saf ety , f a i l s to eva lu
ate how l ong it wi l l  take the water to return to safe l eve l s ,  
f a i l s  to evaluate the long-range impact o f  the contaminat ion on 
the Ind ian way o f  l i fe , and f a i l s  to out l ine c l e an-up me a sure s 
wh ich could prevent or ame l iorate damage . 

The DE I S  analy s i s  o f  the impact o f  othe r typ e s  of ac c i
dent s on water qua l ity i s  even more inadequate than it s ana ly s i s  
o f  the e f fect s o f  a p ipe l ine rupture . A blowout may c ause 
de struct ion of vegetation and contaminat ion of the sur face , 
water and atmo sphe re ( 4 - 4 2 ) . The rupture o f  a we l l  c a s ing may 
contaminate groundwater ( 4 -4 2 ) . An d the fa i l ure of a dr il l ing 
sump wo uld re lease dr i l l ing  muds and f l u ids into Redon do Creek 
( 4 - 4 5) . Yet the DE I S  make s no e f fort what soever to quant i fy 

the probable amount of the re sult ing pol lution , t o  ident i fy 
it s l ikely con st ituent s ,  and to eva luate the ir toxic ity . Lack ing 
thi s data , the DE I S  doe s  not and could not eva l uate the impact 
o f  suc h acc iden t s  on down stream Indian commun it i e s  and other s .  

IV 

THE DE I S  FAILS TO RECOGNI ZE THAT 
USE OF THE BACA LOCATION AS A PUBLIC PRESERVAT ION OR 

RECREAT ION AREA IS A REASONABLY AVAILABLE 
ALTERNAT IVE TO THE PROPOSED ACT I ON 

The DE I S  recogn i z e s  that the area o f  the pro j e c t  i s  a 
.. scenic won derlan d "  and that geotherma l deve lopment a c t ivi-t ie s  
are a ma jor thre at to i t s  pre se nt status a s  a Nat iona l  Land
mark ( 3- 6 , 4 - 3 ) . It a l so recogn i z e s  that the status doe s  not 
provide any l e ga l  protect ion from pr ivate u se s that , coul d spo il 
i t s  pr i st ine natural beauty ( 4 -2 ) . Other forms of pub l ic own er
ship would provide protect ion again st such encroachmen t s .  The 
DE I S  state s that three federal a genc ie s are c urrent ly study ing 
the B ac a  location to determine whether the l and should be 
tran sferred into publ ic own er sh ip to protect it s out stand in g  
scen i c , geo logical an d 'bio lo g ic a l  featur e s  ( 3 - 1 4 , 7-2 ) . Never
thele s s ,  the DE I S  relegate s - cons iderat ion of t ho se a l ternat ive 
l and use s to its section on potent ial l an d  u se con f l ic t s  ( 7-2 ) . 
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It is e s sent ial that pub l ic owner sh ip be d i sc u s se d  in 
det a i l  as an a ltern-at ive to the propo sed ac t ion . Sect ion 9 
pre sently l is t s  on ly three ac t ion a l t ernat ive s -- no act ion , 
de laye d ac t ion , and funding o f  a none lectr ic u se . Thi s incom
plete l ist improper ly frame s the i s sue a s  a c ho ice between 
energy or no energy . Ma intenance o f  the status quo thus take s 
on a negat ive connotat ion . I n  fact,  the land in it s pre sent 
state has extreme ly valuable geo log ical , bio l o g ic a l  and scen ic 
value s .  The se va lue s would be pre served if act ion we re t aken 
to t ran sfer the l and into pub l ic ownership . The l i st of a lt e r
nat ive s i s  therefore mo re properly frame d a s  a cho ic e between 
publ ic ownersh ip and a cont inuat ion of the pre sent pr ivate 
owne rsh ip , with immediate , de l ayed , or no commerc ial deve lop
ment of the pr ivately-owned land . The choice is no t bebve en 
a lternat ive ene rgy u se s ,  but between a ltern a t ive land u se s .  

Viewe d  in t h i s  l ight , the DE I S  repe at e dly f a i l s to 
con s ider ful ly the environmental impact s  of the propo sed pro
j ect . For example , t he sect ion on no i se impac t s  c on c l ude s that 
dr il l ing and con struct ion no i se s  \,li l l  be "acceptably low" at 
e x i st ing re s idenc es  and c amp s ite s at the area , bec au se tho se 
locat ion s a re so far from the pro j ec t  s it e  ( 1 . 8  mi l e s )  that 
tho se no i se s wi l l  be attenuated and wi l l  not e xc e e d  present 
background no i se l eve l s  ( 3 - 9 2 , 4 - 1 6  to 4 - 1 8 ) . Howeve r , t he 
sounds of we l l  dr il l ing, con struc t ion and p lant ope ration w i l l  
l ikely exceed amb ient no i se leve l s  f o r  the area within a _one 
mile radius of the p lant s it e  ( 4 - 1 6 , 4 - 3 7 , 3 - 9 2 ) . A recrea
t ional v i s itor to the area would undoubtedly feel that the c on
stant hum of a coo l ing to\ver or the throb o f  dr i l l in q  equ ip
ment is  inc ompat ible with his en i oyment o f  natur a l  be auty . 

A second examp l e  o f  th i s  ana ly t ic a l  f a i lure c an be I 
found in the sect ion on the vi sual impac t s  o f  the pro i ec t  ( 4 -1 8 ,  
4 - 56 ) . Tho se vi sual impact s wil l inc lude a plume from the 
cool inq tower up to 8 0 0  feet h iqh and lenqthy - tran sm i s s ion l in e s  
with the ir attendant towe r s  and swat hs o f  denude d lan dscape 
( 4 - 1 8 , 4 - 56 ) . The DE I S  correctly not e s  that " [ t ] he great 

ma j or ity of peopl e  who come to the Jeme z Mounta in s  c ome for 
recreat ion and s ight se e ing and are l ike ly to be sen s it ive to 
v isual intru s ions of the c l eared r ight-of-way , l in e s  and tower s 
into the natural sett ing " ( 4 - 56 ) . But when the potent ial v i s i
b il ity o f  the se ob struct ion s is  eva luat e d ,  t he DE I S  con s ide r s  
only s ight l in e s  from e x i s t ing recre a t iona l are a s  and exi st ing 
roads ( 4 - 5 6 ) . Tho se s ight l<ine s  tend to l ie out s i de Redondo 
C anyon where the plant i s  to - be locate d . I f  Redondo C anyon 
bec ame part of a new park , the v i sua l intru s ion on nume rou s 
other p lace s  would be much greater - and would probab ly be tot a l 
ly incon s i st ent with a park sett ing . 
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The se two example s make it c i e a r t hat the DE I S  mu s t  be 
revised to inc lude an a ly s i s  of the impac t s  of the pro j ec t  on 
a recreat ional or pre servat ional u se of the B ac a  loc at ion . In 
addit ion , the alternat ive s sec t ion shou l d  recogn i z e  th i s  pot en 
t ial land u se a s  a re a sonably ava i l ab le a l ternat ive t o  the 
propo sed act ion , should ana ly ze it s bene f i t s  and c o s t s  t o  the 
publ ic , and compare it direc t ly to the other a lt e rnative s . 

v 

THE D E I S  DOES NOT PROPERLY DEF INE 
THE SCOPE OF THE PROPO SED P ROJECT AND THEREFORE 

FAILS ADEQUATELY TO ASSESS THE CUMULAT IVE IMPACT 
OF GEOTHERMAL DEVELOP�iliNT IN THE AREA 

A .  The DE I S  F a i l s  to As se s s  Ful ly the Env ir9nmenta� 
E f f ec t s  o f  Poten t i a l  Ful l - S c a le Dev�Jopme nt o f  
the Baca S ite to Pro duc e 4 0 0  M'itJ of E �_ectr ic ity 

The propo sed pro j ect i s  a demon strat ion . Un ion obvio u s ly 
expec t s  to deve lop a far larger pro j ec t . The DE I S  a dm i t s  that 
lI a suc c e s sful demon strat ion of [ 50 MW) powe r produc t ion may be 
expected to encourage deve lopment " ( 2 - 2 8 ) . The c ommer c i a l  part
ners to t he venture have recen t ly taken act ion s showing t h e i r  
f irm intent ion t o  deve lop 4 0 0  H�v .  Pub l ic Service C ompany o f  
New Hex ico ( PNM) recent ly t o l d  t h e  s t a t e  t hat t h e  50  MW p l ant 
wil l no t be bu i l t  un l e s s  the state ' s  H2 S stan dard is r a i se d  t o  
a l low con struct ion o f  4 0 0 IvlW . Mo reover , a PNM spoke swoman 
f l atly stated that the comme rc ia l  partner s  " are not w i l l in g  to 
bu il d 50 megawatts un le s s  we c an bu i l d  mo re . "  The E n�y_ D a i ly ,  
Aug . 1 6 , 1 9 7 9 , p .  2 ,  attache d . PNM h a s  even gone so f ar a s  to 
withdraw it s con struct ion app l icat ion unt il the H2 S standard is 
r a i se d . Ibid . Nonethe l e s s ,  t he d i sc u s s ion in the DE I S  on the 
expec ted fu l l - sc a l e  deve lopment i s  l imited to a me ager 2 - 1 / 2  
page s o f  the DE I S  ( 4 - 6 4 to 4 - 6 6 ) . 

The mo st g l ar in g  omi s s ion in t h i s  d i sc u s s ion i s  the 
total absence o f  any an a ly s i s  on the soc ioeconomic imp ac t s  o f  
ful l - sc a l e  deve lopment . That omi s s ion i s  e spec i a l l i  pre j ud ic i a l  
t o  Ind ian tribe s , who , a s  we have seen , we re not con s i de re d  in 
the soc io economic d i sc u s s ion of the impac t s  of part i a l  deve lop
ment . The e f fec t s  of fu l l- sc a le deve lopment on the Indian 
corr�un ity cannot be me a sured by extrapo l at ing f rom the 5 0  
me gawatt p lan s ince there i s  a vo i d  o f  informat ion o n  the soc io 
economic e f fect s on Indian s  from t he sma l le r  pro j ec t . Con
sequent ly , the inc reased thre at to the Indian way o f  l i f e , 
inc luding the ir r e l igious prac t ic e s , c u lt ur a l  int e gr ity , wat e r  
�se , and' economic stab il ity - i s l e f t  t o  speculat ion . 
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S ince the re i s· l ittle doubt that ful l- sc a l e  deve lopment 
will occur , the DE I S  shoui d addre s s  a l l  the env ironmenta l  im
pac t s  of such deve lopment .  It i s  we l l  e stab l i she d that NEPA 
proh ib i t s  the " p iec e-meal ing " of pro j e c t s  into p iece s so that 
the environmental impac t s  are min imi zed . Con sequen t ly , the DE I S  
mus t  analyze the tot a l  impac t s  of the f u l l  deve lopment wh ich 
is expected . 

B .  The DE I S  F a i l s  to Con s i der the Cumulat ive Imp�_c t s  
of the P ro j ect T�gether with rrho se of Other P e n d ing 
Geotherma l Pro j e c t s  o n  Nea rby Lan d 

The s ite o f  the 5 0  HW geotherma l p l ant i s  in a rec tangular 
enc l ave of pr ivate ly-own e d  l and within the pub l ic ly-owned Santa 
Fe Nat ional Fore st . Nume rous sec t io n s  o f  tho se fore st l ands h ave 
a lready been l e a se d  for geotherma l deve lopmen t .  Wh i l e  an E I S  
wa s i s sued for that le a s ing program o n  Jan uary 7 ,  1 9 7 7 , i t  did 
not con s ider the impact of geothe rmal deve lopme nt on nearby 
pr ivat e l ands , inc lud ing the pre sent pro j e ct , because tho se lands 
a r e  not ava ilable for gove rnment l e a s ing . Moreove r , wh i l e  th i s  
DE I S  indic ated th2i: a succe s s ful demon stra.t ion at Baca may 8n -
courage deve lopment o f  the surrounding l e a seho l d s  ( 2 - 2 9 , 4 - 6 4 ) , 
it did not, con s ider in any way the cumulat ive impac t s  o f  the 
l ike ly or po s s ible geothermal deve lopmen't on nearby Fore st 
Serv ic e l and together with th i s  pro j ect . Thu s ,  no E I S  ha s been 
prepared con s i de r ing the full cumul a't ive imp act from nearby pro
j e c t s  r e l at ing to Ind ian . re l ig ious an d c u l tural pract ice s ,  water 
quant ity an d qual ity , a ir qual ity , no i se , the soc ioeconomic sy s
t em ,  and other aspect s of the environment . 

The impac t s  from the var ious geo therma l pro j e c t s  are 
obviou sly cumulat ive . The e f fect s  on t he Jeme z Houn ta in s a s  
a pl ace sacred to Indians are cumu l a t ive from the numero u s  pro
j e ct s .  The soc ioeconomic imp act from non - I n d ian \'70rker s coming 
into the area from numerous pro j ec t s  is s imi l a r ly cumu l a t ive . 
S ince numerou s pro j ec t s  are in the same water shed , the e f fec t s  
o n  water quant ity and qual ity are cumu l at ive . An d it i s  po s s ible 
t hat a ir quality and no i se e f fect s wi l l  be cumul at ive i f  the 
pro j e c t s  are c lo se enough together . 

The danger s of p iecemeal con s ide r a t ion o f  art i f ic ia l ly 
separated pro j ect s are two - fo l d . F ir s t , the quant itat ive impact 
o f each pro j ect , when viewed in i so lat ion , may be in s i gn i f ic ant . 
Yet when the environment al co st s o f  a l l  r e lated pro j ec t s  are 
accumulated , the combined impact may be extreme ly large . Secon d , 
the qua l itative impact o � the who l e  deve lopment may exc e e d  the 
comb ined quant itat ive impac t .  Thu s ,  it i s  e s se n t i a l  that t h i s  
pro j ect not b e  approve d unt il an E I S  i s  prepared on the c umu l a
t ive impact o f  a l l  rea sonably po s s ib l e  pro j ec t s  in th i s  r e g ion . 
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THE INADEQUAC IES IN THE P RE SENT DE I S  
CAN ONLY BE CURED BY PRE PARAT ION AND C I RCULAT ION OF 

A NEI'iT DE I S  P R I OR TO P REPARAT I ON OF A F INAL E I S  

A s  de scr ibed above , the pre sent DE I S  who l ly ignore s the 
re l ig iou s , cultura l , and soc ioeconomic impac t s  on ne arby Ind ian 
tr ibe s as we l l  as havin g  the other ser io u s  de f ic ienc ie s de scribed 
above . Due to the to ta l absence o f  d i scu s s ion on impo rtant en
vironmental impac t s  and the in adequate d i s c u s s ion of othe r s , it 
is e s sent ia l that a n ew dr aft E I S  be prepare d . I t  wou l d  no t be 
suf f ic ient to prepare a f inal EIS ba sed on the pre sen t draft 
even if it c ured a l l  the inadequac i e s  of the dra f t  E I S . 

The Coun c i l  on Environment a l  Qua l ity h a s  con c l uded and 
the cour t s  have he l d  that NEPA require s the prepa r at ion of dr a ft 
EI S s ,  the di str ibut ion o f  the se dra ft s to governmen tal agenc ie s 
and the pub l ic for commen t ,  and then the i s suance o f  a f in a l  E I S  
wh ich cO}1 s ide r s  the cornroent. s  rece ived . I t  i s  we l l  e stab l i shed 
that , wh i l e  the draft E I S  i s  not h e l d  to the stricter require
ment s wh ich a f in a l  E I S  mu st sat i s fy , it mu st provide suf f i 
c ient in format ion and analy s i s  so that. gove r:nmental agen c i e s  
and t h e  pub l ic can int e l l igen t ly comment . I f  t h e se stan dards 
are not met , a ne,,1 draft E I S  mu st be prepare d .  

In Appalach ian Mo untain C l ub v .  Br ineqa�, 3 9 4  F .  S upp . 
1 0 5  ( D .  N . H .  1 9 7 5 ) , the d i st r ict c o urt he l d  that the f in a l  E I S  
vio lated NEPA bec ause the draft st atement d i d  not inc l ude tra f f ic 
data . 'l'he court s a i d  that ( i d .  at 1 2 1 -1 2 2 )  : 

There c annot be re spon s i b le dec i s ion mak in g 
when data appe ars in the f in a l  E I S  without 
be ing s ub j ect to c r i t i c a l  eva l u a t ion that 
occur s in the dra ft stage . * * * 

Supp lement a l  in format ion wh ich h a s  not been 
proce s se d  in the s ame manner as a dra f t E I S , 
c annot re surrect a de f ic i ent impact statement . 

The court he l d  that " [ t ] he fa ilure to inc l u de t r a f f i c  data in 
the dra ft impact statement den ied the p l a in t i f f s  the ' oppor
tun ity to t e st , a s se s s ,  and eva l uate the data and make an in
form ed judgment as to the �� l id ity of the c onc l u s ion s to be 
drawn there from . ' "  I b id . 

The pre sent DE I S  f a i l s to mee t  the s e  standards fo r an 
adequate dr aft E I S . It doe s  not contain ba s ic in format ion on 
the impac t s  of the pro j ec t  on Indian commun i t ie s ,  in c l udin g  
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impac t s  on the ir rel igious prac t ic e s ,  soc io economic condit ion s , 
water u se , and cul ture . Con sequent ly , governmental a genc ie s 
and private group s and persons have not had any opportun ity to 
appr a i se an d comment crit ic a l ly upon the se imp act s .  That 
opportun ity c an on ly be prov ided if a new dra ft  E I S  is i s sued . 
I f  new information appear s in the f in al E I S  for the f ir st t ime , 
that opportun ity wil l  be forec lo se d ,  s ince a f ina l E I S  wou l d  
only rece ive " in-house " review by DOE . 

We therefore reque st that DOE i s su e  a new draft E I S  
wh ich allows the Santa C l ara Pueblo and other s  a rea sonab l e  
opportun ity t o  comment o n  the impact s o f  the p ro j ec t  o n  the ir 
commun it ie s . 

BJT /JMH / e s  

Re spectful ly submitte d ,  

r-- }TZ� 
BRUCE J .  TERRI S  
JAME S M .  HECKER 

1 5 2 6  1 8 th Street , 
Wa sh ington , D . C .  
( 2 0 2 )  3 3 2 - 1 8 8 2  

N . W .  
2 0 0 3 6  

Attorney s for Santa C l ara Pueblo 
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New Mexico Geothenna! Project Threatened By ,Hydrogen Sulfide Standard 

Environ ;-nenta1, p roblems - namc
ly; the rotten -egg aroma of hydrogen 
sulf ide - cod d put a crimp in the 
p l a n n c d  d e v e l o p m e n t  of  New 
Mcx ico's extensive geothermal re
:;ou rces. 

Aftcr sevcn lI:on ths of h aggli ng ,  
P ublic S::nice C<-J!;lp'my of New 
Mexico (PNM), Ull ; ClJl Oil  Co. and 
t h e  fede�al Dcp arimc-nt of Energy 
fin allj signnl hst wc:c:{ a. form,j con
tr;lC! to bu i ld  a S 1 24 . 6  rnii i i ''>l1 50-
m egawatt c\::llloJ .s tr<llioll geot1 :crma! 
power plan� j,i the s cenic Jcn;(�z 
M o u nt a i ns 60 rn.i lt's north of AI
b U Cl ucrque. I L  is oelicl'ed that the 
si te's  f�c0th�rmal rc-;ources could 
gfnc r:ck ,100 ) i,CrJW,'ttt� of PO"\'cT for 
30 ycars, and it  is only onc of <'.lJ 
estilll atcd s ix o r  eight potential  geo
the rmal sites in t)lt state. 

HoweH:r, on Fri e1:\y PNM t(ll d t11e 
state's Emironmcntal  I mprovement 
Il o:lrd that the d'�monstration pl :i nt 
wil l  not be bui l t  u n less N(:w Mexico's 
srrict hydrogen s u lfide ell1 ;s�i(Jl1s 
standard is modif ied.  Accordi ng to a 
reccnt federal emironmental imp act 
st a t cment , thc utility not e d ,  t h e  
s t a t e ' s  current H::�S st: mdard of t h ree 
part s  per b ilJi(lll (ppb) wou l e! allow 
only a single 50 tv1 \Ve plant at the 
Jemez l\ l ou n t:>. ins site. 

PN1\1 and U niun Oil "are not 
wil l i l lP  tt) b u i l d  SO ri]('cawatts u nless 

, ca;; build more," a �I t i l i ty spokes
Ol1l:lll expJ:t i nerl .  P N M 's i n terest i n  

h e  project "is n o t  ju s t  to give �ciellce 
h t: lping h a n d .  Wc're in i t  to scll  

kctr ie i ty. and Ullion is  ill  i t  t o  s d l  

stca m" t o  t h e  power plant t b t  PNM 
will u u ild and operate_ 

Hydrogen sulfide "is not a health 
hazard , but a n uisance odor , "  she 
said .  "How mueh is too much? It's a 
qucstion of acsthetic:> _ _ _  Unl ess the 
state of New Mexico is  willing to 
compromise, there won't b e  any g('o
thennal development  i n  the state,  
bccause if  wc cull ' t  build,  n o  o n e  e l s e  
will be auk to build." PN1\1 b s  
with dr:mn the constructIon applica
tion it  had file d  \ViOl  the state an d 
docs not in ten d  to resu bmit it unt i l  
the hydrogen sulf ide' i ssue is re
solved. 

New lvl<:!xico eUVlro ;" m c:n ta! 0;
ficials , for their part,  scheduled a 
Septe mbec 1 3  hearinB on the H2S 
stand ard and have i n d icated that 
altera tions may be forthcoming -
though !lot necessarily cs great as the 
uti l ity wou l d  l ike. " O n  the one hand, 
w e  wou ld l ike to encou rage geo
thermal developme n t . "  ClIb i :l Clay
ton, dcputy directo r  of the � ta te'� 
Envi ron m e n tal lmpfl,vcmcnt De
partment,  said on \Vc d ll C'sday. " O n  
the other hand, a lOt  of this  wot! I d  b e  
occu rri ng in a rt:as o f  high recre;,
tiolJ ill value to the s t :l l c .  \Vc m ust  t ry 
to fin d a level" that  meets both 
needs. 

With tou ri sm the thir d leading in
dustry in NelY lvlexi co,  " i t gets to b e  
a nice l i t t le  proble m , "  Cl:lyton s a i d .  
" I ' m  n o t  s u re exact ly h o w  i t  work� 
out.  though i:1 the pas t we've gen
cral ly bCL'll'-abk to s t ri k e  a rea SCl I l 
able b a b nce . "  I I I  I 'l l ] ,  I t<.:  rec a l k d .  
statc of fici:ds alteH' d  the hycl rogc'n 
sulf ide s t:il ldard to 1 00 ppb in t I l \?  

oil- and gas-rirh Pccos-Permian 
Basin in  New M exico's sou t he a s tern 
corner, al though the s t a n d a rd has 
since b ecn t ight ened to  30 ppb i n  and 
<:roll nd m u nicipal  area�. Clay ton 
also noted th?t  some g::othernnl 
.;reas, inclll d ing PNM\ s i t e ,  have 
sulfur sprinf�s \vbich uy t h e l1l selves 
P US:l Ule "na tum! amhi er, t  level 
probably abovc the s t a t e  [1I2S) 
standard." 

One re2 S(ln that C l aytor; ter;ns this  
probkm ":!  w ughie" i s  tl l i: ! "od"f is  
h;i rd t o  (}u:l!I ti fy. Y o u  C2n't  l n e a sure 
i t  with a n  in ;trumcnt l i Le ot11 cr air 
poJIut ant'>.  I t's  so subjcc l ! n: . "  Ac
cord i n g  to Clay l o n ,  there i s  some 
(tllC,:'lgh not d��cisi re) ev i :knec tr,::\[  
a n  H2S levd of 30 ppo is aoO\'e the 
" o d or threshol d " for 10 p crc..cnt of 
the pop ul;J t ioll  � - who would be able 
to smell  b u t  would nut b e  ova
whelmed by the aroma -- th ough not 
for the rem aining 90 pcrcen t .  In 
some local j u r\sti ictions, Clayton 
added , hycI :'ogclI sulfide cm iss ions 
are judged by "oclor panels" of 
citizens w h o  s n i fLlI l d  dcci oc how bad 
it is. 

Accord ing to state officials,  PNM 
h a s  suggestcd th:lt the present  s t a n d 
ard of th ree parts p e r  b i l l i o n  (on a 
oIle-bom average) bc changcd so 
that - within a J O-milc  rad iu s of 
geot h erm a l s i tcs - 50 ppb cou l d n ' t  
be cxce,:decI m o re t ha ll three: t i m e s  a 
clay anc! ] "10 ppb cou l d n ' t be ex
cced ed m ore t h a n  twice il year (both 
as onc- hour averages) . The statl�'s 
FIll i roIl ! lle n t a l  I m p rovc m c n t  De
r a r t ll lcl l l  s t a f f  p h n '>  to cou n t e r  w i t h  
i t s  own projlo�; a l  carly ncxt  m o n t h .  
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Responses to B. J .  Terris Letter 

I and II - The discuss ion of cultural impacts and impacts on Pueb lo 

religious s ites and practices has been expanded in the FES .  DOE Procedures 

for comp liance with the American Indian Religious Freedom Ac t were 

implemented prior to issuance of the DElS and are s t ill actively being 

pursued by DOE . As s tated in the DEIS , facilities located on Indian lands 

were not cons idered in the socioeconomic impact analysis because the use 

o f  these facilities is c losed to non-members . However , Indian users of 

facilities lo cated on non-Indian lands were included in the total group of 

facility users . Although they were not singled out as Indian users , they 

were included in the assessment (see Sect ion 4 . 1 . 5 . 3 ) . 

III - The FEIS has been amended to address Indian water uses of the 

Jemez River in more detail , including any adverse impacts on these uses 

due to any deplet ion of s treamf low from proj ect operation ( S ect ions 

3 . 1 . 3 . 1 . 2  and 3 . 1 . 3 . 2 . 2 ) . Impac ts of the deplet ion of f low of the Jemez 

River on d owns tream users will be mitigated by acquiring water r ights to 

areas up s tream of  the po tentially effected users . Union has app lied for a 

permit to withdraw 14 ha ( 34 . 5 9 acres ) o f  pres ently irrigated land from 

irrigation. This is approximately equal to 44 acre-feet of water . It is 

expected only 5 . 67 ha ( 14 acres or 17 . 7  acre-feet ) will be required to 

offset the impacts of geothermal f luid withdrawal . The remaining water 

rights ( approximately 26 acre-feet)  will be available to offset the impact 

of any future plant expans ions . See Sec t ions 4 . 5 . 1 . 2 ,  4 . 5 . 2 . 2 ,  and 

11 . 1 . 2 . 2  for addit ional informat ion . 

Impacts to surface water quality are addressed in Section 4 . 2 . 2 . 1 ,  

including the improved quality of the Jemez River expected from geothermal 

f low component withdrawal .  

The section ( 4 . 3 . 3 ) dealing with potential ef fects of  an accidental 

release of geothermal f luid has been amended to  clarify hydrologic impacts 

as  completely as possib le .  Impacts t o  downstream users have been added 

to the analysis . 

IV - To date , the probab ility of future pub lic ownership of the 

Baca Ranch is still unknown . There are no definite plans as yet for 

acquisit ion , nor any indicat ion of which Federal or State agency or 
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department would acquire and administer the land ( refer to  the expanded 

dis cussion in Sections 3 . 1 . 1 . 4  and 4 . 1 . 1 of this FEIS ) . However , all 

al ternatives for public ownership in a recent Department of Interior / 

National Park Service s tudy cons idered accomodat ion of s ome form of geo

thermal development .  If the Baca Ranch enters public ownership after a 

geothermal power plant is in place in Redondo Canyon , it is probable that 

public access to Redondo Canyon for recreation would be res tricted . 

Visual impacts of the proposed plant and transmiss ion lines were 

cons idered in the DEIS on the bas is of present publ ic access and use areas . 

In the event the Baca Ranch is publicly acquired , some use areas would in 

all probability be established closer to the proposed proj ect area and 

transmission lines than are present pub lic use areas . Therefore , visual 

impacts on public recreation areas would necessarily be increased . 

However , a detailed d iscuss ion of impacts on these potential future use 

areas would require knowledge of their location and the nature of the 

public use see Sec t .  4 . 1 . 1  of this FEIS . Such informat ion is not presently 

available and is not expected to be available until  such t ime as a pub lic 

agency has def initely moved toward acquiring the land . 

The presence of recreat ional vis itors was not evaluated for distances 

with in one mile of the proj ect because the lease provis ions between the 

geothermal operators and the current landowner strictly control and limit 

access to preclude casual use of the proj ect area . It is presumed that 

any po tential future private owners would not change the accessab ility 

of the s ite because of safety precautions . 

V The relationship of the 400 MW potential of  the proj ect area to 

the more limited federal action of 50 MW is addressed in response to the 

Hearing Board Summary (Appendix H) . 

The DE IS addressed the cumulative impacts of the proposed proj ect 

with those of other potential geothermal proj ects nearby in only a cursory 

manner because the status of development of the surrounding lease holds 

is somewhat tentative at this time . The DEIS acknowledged the potent ial 

relationship between this proj ect and increased development of other leases . 

Re fer to the response to Hearing Board Summary . And the expanded 

d iscuss ion of the impacts of full scale development in Section 4 . 5  of the 

FES . 
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PU EBLO O F  Z IA 
S A N  YS I D R O .  N EW M EXI C O  

8 7 0 5 3  

September 6 ,  1 979  

To : U . S .  Department of Energy 
Attenti on : Offi ce of Env i ronmenta l Proj ect Rev i ew 

c:,., 

From : Puebl o of Zi a ,  Offi ce of the Governo�'� ' 

Subject : Rev i ew of Draft Env i ronmenta l Impact Sta tement on the 
Geo therma l Demo s trati on P rogram , 50 MWe Power Pl a nt , 
Baca Ra nch , Sandova l and Ri o Arri ba Coun t i e s , New Mex i co . 

We have rev i ewed the s u bj ect document and have many concerns . 
At t h i s t i me we wi s h  to a ddress three major concerns , they 
a re wa ter r i ghts , rel i g i ou s  s i te s and the a n t i c i pated i n
crea se i n  tra ffi c .  

The Puebl o of Z i a  rea l i ze s  and recogn i zes the fact that 
wha tever the proj ect does concern i ng the waters i n  the 
Jemez Mo unta i n s  i t  wel l have a beari ng o n  the down s tream 
fl ow . Regardl e s s  of wha t eng i neers say , man and - mac h i n e  
c a n  n o t  pred i ct what mother na ture wi l l  do . We feel that 
the project wi l l  d i m i n i s h parts of our a l ready sma l l s u p p l y  
o f  both s u rface a n d  g round waters . O u r  very exi s tence d e 
pends on the waters wh i c h  fl ow through our l ands , a n d  waters 
the farml ands wh i ch we ho l d  dea r .  I ts the same waters wh i ch 
i n s p i red our fo refathers to be fa rmers and to settl e on the 
s i te we now ca l l  home . Our forefa ther s ettl ed a t  the P uebl o 
of Zi a i n  the 1 4th century and s i nce than have depended on 
the waters for s u rv i va l . Our tri bal  rel i g i ou s  bel i efs are 
based o n  mo ther earth and the wa ter s that n urture her . For 
centu r i e s  we have prayed and hel d ceremon i a l s i n  order to 
rec e i ve waters from a bove a nd feel tha t  we s hou l d  be en
t i tl ed to present a nd fu ture waters . The concern i s  not 
o n l y  for the amounts of water but al so the qual i ty of waters 
wh i c h a re i n  the s treams , ri vers and u nder ground . I f  the 
proj ect i s  to become a rea l i ty you mu s t  a s s u re u s , to our 
s a t i s facti on , that we wi l l  not rea l i z e a decrea se i n  our 
waters . 

Numero u s  rel i g i ou s  s i tes a re l ocated wi thi n the proj ect s i te ,  
these s i tes mu s t  be con s i dered by the Department of Energy ( DO E )  
before the proj ect can proceed . The Puebl o of Z i a  a nd o t her 
i nd i an tri bes have fo r centuri es , even befo re the fi rst European 
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arri ved , ma i nta i ned that the area had rel i g i o u s  s i gn
i fi cance.  The s e  s i tes are presentl y acti ve a nd need 
the protect i on of the Federa l Government.  We are s u re 
that DOE i s  awa re of the Jlrn'er i can I n d i an Re l i g i ou s  Free
dom Act ( P . L .  95-341 ) wh i c h  Congress mandated to var i o u s  
federal departments to protect these type of rel i g i o u s  
s i te s . The Pue b l o  ha s gone on record u nder the Am�r i can 
I ndi a n  Rel i g i ou s  Freedom Act by ta ki ng the pos i ti on that 
the- �roject area ho l ds numerou s  rel i g i ou s  s i tes and t hat 
it  wou l d  be detri menta l to  our rel i g i on to  p i npo i nt the 
s i te l ocati on s . We request that o u r  concerns regard i ng 
these s i tes be seri o u s l y  consi dered by DOE and that a 
conceted effort be made to address o u r  concern s .  

The traffi c al ong State H i gway 44 , wh i c h d i s sects o u r  
reserva t i on ,  wi l l  n o  doubt i ncrea s e  s i nce H i g hway 4 4  i s  
one of two roads  wh i c h  run by the proj ect area . We fee l 
that the i ncrea se i n  traffi c wi l l  i ncrease sa fety hazards 
on Hi gh\'/ay .44 . In the pas t  two years n umerou s  acci dents 
have occurred on H i g hway 44 where we l os t  a pprox imate l y  
2% of o u r  P uebl o popu l a t i on of 580 . Al l fa ta l acc i dents 
i nvol ved s em i  tru c ks , we fear that the project wou l d  
u ti l i ze s emi  trucks i n  i ts co nstructi on and opera t i n g  
phases . We are concerned about the safety of our ch i l d re n ,  
the b u s  route u ti l i zes H i g hways 44 and 4 wh i c h  n o  dou bt 
wi l l  be the same route u sed by the proj ect .  H i g hway 4 i s  
presently i n  bad need of i mprovements . We reques t the 
parti e s  i nvol ved , to s i ncere l y  address our concerns a bout 
the traffi c .  

The Puebl o fee l s that i t  has a l ot to l o se a nd noth i ng to ga in . 
We cannot j u s t i fy i n  o u r  mi nds how a group of huma n s  can ta ke 
v i ta l  re sources from a nother g roup and cal l i t  progres s .  
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Luebben, l 1ughes & Kelly /;j?7 '7 pI .----
Attorneys 

Thomas E. Luebben 
Specializ;ing in Indian Affairs Law 

805 Tijeras NW 
Albuquerque, New Mexico 87102 

Richard W. Haghes 
John J. Kelly 

Art Wi lbur , Proj e ct Manager 
DOE-GDPP 
Room 7 1 2  
P l a z a  d e l  S o l  Bui lding 
6 0 0  2nd S t r e e t , N . W . 
A lbuquerque , New Mexi co 8 7 1 0 4  

S ept ember 1 0 ,  1 9 7 9  

RE : Comme nt on Beha l f  o f  the Pueb l o  o f  S anta Ana on the Dra f t  
Envi ronmenta l Imp a c t  S t atement , Geothe rma l  Demon s t r a t i on 
Program , 5 0  MWe Powe r P l ant , Baca Ranch , S andoval and R i o  
Ar r i b a  Count i e s , N . M . 

Dear Mr . Wi lbur : 

(505) 842-6123 

The Pueblo of S an t a  An a ,  wh i ch i s  located on the Rio Jeme z 

northwe s t  o f  Bern a l i l l o ,  N . M . , e xpr e s s e s  grave concern about the 

envi r onme n t a l  i mpacts o f  the 50 MWe geothermal power p l ant proposed 

f o r  the B a c a  l o c at i on . For the Pueb l o ,  the ove r - a l l impacts o f  p l ant 

cons truc t i o n  and ope rat i on on the envi ronment of the Jeme z Moun t a i n s  

i s  unacceptab l e , and wi l l  adve r s e l y  a f f e c t  the Pueblo o f  Santa Ana . 

Th e Pueb l o  i s  e s pe c i a l l y concerned that the coverage i n  the 

E I S  o f  the i mpact o f  c on s t r u c t i o n  and operat i on of the p l ant on 

wate r  qua l i ty and use in the Jeme z watershed is i n adequat e . The 

Pue b l o  wi l l  be d i r e c t ly a f f e cted by any d imi nut i on in wate r  qu a l i t y 

or q uan t i ty i n  the Jeme z Rive r . At page 4 - 2 0  the E I S  s tates " The 

tota l r e du c t i o n  i n  groundwater o u t f l ow ( we l l  and s t ream dep l e t i on ) 
r e s u l t i ng f rom r e s e rvoi r drawdown i s not known at th i s  t i me . " I t  i s  

the op i n i on o f  the Pue b l o  o f  S anta Ana that the f i n a l  E I S  mu s t  con

t a i n  an a c curate quanti f i c a t i on o f  t h e  dep l e t i on o f  s t r eamf l ows i n  

t h e  R i o  Jeme z ,  a n d  a d i s c u s s ion o f  t h e  e c onomi c a n d  s o c i o- cu l tura l 

i mp a c t  o f  s uch d ep l e t i o n  on the three pue b l o s  whi ch l i e  on the R i o  

Jeme z ,  as we l l  as t h e  non- I nd i a n  popu l at i on a l ong t h e  R i ve r .  An 

a c curate quan t i f i c a t i on o f  dep l e t i on to the Jeme z. R i v e r  i s  e s s e n t i a l  

t o  r e s p on s i b l e  d e c i s i on-mak i ng b y  t h e  f e dera l government , s i n ce the 
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federa l government is the trustee of land and water for the three 

pueblos . 

The Jeme z River has long been overappropriated , and the actions 

o f  the New Mexi co State Engi neer i n  permi tting addi tional consumpt i ve 

us e s o f  water ups tream of the three pueblos have resulted i n  the 

depletion of water needed by the pueblos for i rrigation .  Thi s  i s  a

s i de from the problem o f  the as yet unexerci sed Winters Do ctrine 

re s erved rights of , the pueblos . Any addi tional dimini shment o f  

f l ows in t h e  Jeme z wi l l  have a seri ous impa ct o n  t h e  right s , e cono

mi e s and cultures of the pueblos . 

TEL : phm 
cc : Sam Armij 0 ,  Governor 

Pueblo of Santa Ana 

Very truly yours , 

-:] r- �- -, ' / / 
/.-,. .--t" /" - :-. :-/ (. .. : -«�--z. / '< / / :7  n -;; 1- - , :/� (.. V-

Thomas E .  Luebben 
Tri bal Attorney 
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Responses to Comments from ZIA and Luebben Hughes & Kelly 

The comments presented in these letters were also p resented at the 

P ublic Hearing and are addressed in the Respons e to Hearing Board Summary 

in App endix H .  Accordingly , Sections 4 . 1 . 2 ,  4 . 1 . 5 ,  4 . 1 . 7 ,  and 4 . 2 . 2  

among others have b een revised or added in resp onse to the comment s .  



1-95 

<fangre de Cristo ...7{udubon 80ciety 
9 27 Los Lovat o s  R o ad 

Santa Fe , N . M .  87 501 

Augu st 29 , 1979 

Mr . Benn i e  G .  D i Bona 

U . S .  De partment of Energy 

Divi s i on of Geothermal En ergy , Room 3 1 2 2C 

Wash i ngton , D . C .  20 585 

Sub j ec t : Draft Env i r onment al Impact Statement # DOE!EI S-0049-D 

Dear Mr . DiBona : 

I have rev i ewed the above ment i oned EI S and w i sh 

t o  c omment only on the l o c at i on of the transm i s si on l i ne s .  Our 

s o c i ety supp or t s  the Geethermal Power Plant at the Bac a Ranch 

as a n e c e s sary pro gr am  to help solve our nat i on ' s  energy c r i si s :  

The report ment i ons two po s s i bl e  corr i d o r s  ( p .  

4-47 , #4 . 4 . 11 ) , C orri d orI 1 ,  the Bac a corri d o r , and C o r r i d or 2 ,  

th e Southern C or r i d or .  I t  i s  clear from the r e p ort that C or r i 

dor 1 ,  t h e  Baca c or r i d o r , w i l l  have a much smaller env i r onmen

t al impac t  than C o r ni d or 2 ,  the Southern Corr i d or . In ad d i t i on ,  

i t  i s  shorter and l e s s  expens ive t o  bui ld . The S outhern c orr i d or 

in add i t i on c r o s s e s  the Band e l i e r  Nat i onal M onument . As i d e  from 

the d am age i t  would c ause the M onument , we fe e l  that nQ Nati onal 

�rk or Monument sh ould b e  i nvaded for such purpose s .  D o i ng so 

would c r e ate a d angerou s  pre c ed ent wh i ch c ould l e ad t o  i r r epar

abl e  damage to the Nat i onal Park sys t em . We there fore suppor t  

c onstru c t i on of the power l i ne s  i n  C o r r i dor 1 ,  t h e  Bac a  c o rr i dor , 

despi t e  the fact that i t  h as b e en d i ff i cu l t  t o  d e al wi th the 

owner of the pr i vate l ands to be t r aver sed . 

S i nC�
,
e��you r s  , 

c7l���---
Wi l l i am Stone , Pr 
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BOB E. WATT 
1447 4!5TH ST. 

LOS ALAMOS. N. M. 87S44 

Hr. Bennie G. DiBona 
Rm. 3l22C 
Division of Geothermal Energy 
U. S. Department of Energy 
Wa8hiDgton� D. C. 20585 

(SOS) ee2.3728 

Subject . Comments on t he DEIS DOE/EIS -0049-D 

Dear S ir: 

August 25� 1979 

The fol lowing comment s  deal w ith a pos s ible hazard due t o  re lease o f  
t oxic gases accompanying hydrogen s u l f ide (H2 S) , Hydrogen s e l enide and 
ars ine are t he most l ikely; t hey are s everal hundred t imes as t oxic a s  
hydrogen sulfide ,  so their concent rat ion and t hat o f  other gas e s  should be 
checked . 

The discuss ion below is short ened by not ing the chemical s imilarit ies 
o f  the chemica l el ement s in t he Groups IV A, V A and VI A. Wit h  t he pos s ible 
except ions o f  l ead ( Pb )  and po lonium ( Po) all o f  the hydrides a re volat i l e .  
With the except ions o f  wat er ( H20) and met hane ( CH4 ) a l l  a re t oxic in 
varying degre e s . Tab l e  I l i s t s  some o f  t h e  propert ies of int'erest for the 
hydrides and s ome o t her gaseous con s t it uent s which m ight be a s soc iat ed w i t h  
a geot hermal p l ant ' s  e ffl uent s .  

Table 3. 3, Wat e r  Chemis t ry of Re dondo Creek ,  in the DE IS * g iv e s  concent r
at ions for s u l fa t e ,  arsenic and mercury on three dat e s .  On Oct ober 2, 1 9 7 5 ,  
t he mas s concent rat ion rat io for ( sul fat e/ arsenic) was 444 and for ( s ul fate/ 
mercury) was 1600. On Sept emb e r  5-7 , 1 9 74 t he ( su l fate/arsenic) rat io was 
1 500. Upper l imit s were report ed for lead and selenium, giv ing rat io s 
( su l fat e / l ead) > 1 20 and ( s u l fa t e / s e len ium) > 1 200 . Conc ent rat ions for other 
ele ment s l i s t e d  in Tab l e  1 were not given . 

If t he rat io ( H2 S/H3AS) is the same as t hat for ( su l fat e/arsenic ) , t hen 
ars ine (H3AS) wou l d  cont ribu t e  614 as much t oxicity as t h e  hydrogen s u l fide . 
The actual rat ios are not known , s ince no da t a  are given for any of t he gases 
l is t ed in Tab l e  1 o t he r  t han hydrogen s u l fide . Ores of mercury , t he V A and 
t he VI A e l emen t s  are frequen t l y  a s sociat e d  with vol canic and hydrothermal 
syst ems ; t he ores are o f t en found t ogether. 

It is pro posed to v ent t o  the atmos phe re approximat e l y  a fourth of t he 
hydrogen s u l fide v ia t he coo l ing t ow e r .  It is l ike l y  t hat t he volat i l e  hydrides 
wou l d  not have the sa me part it ion rat io as H2S in the flash evaporat ion s t e p ,  
so d i f ferent fract ions would be found i n  t h e  coo l ing t ow e r  e ffl uent a n d  in 
t he H2 S abat ement s y s t e m .  If s ignif icant amoun t s  o f  t oxic e l ement s  are 
present , it is import ant to det ermine t h e i r  fa t e .  Reinj ect ion w it h  t he 
coo l e d  geotherma l f l u i d  wou l d  probab ly be t he pre ferred d i s posal t echn ique . 
As shown in t he DElS Tab l e  3 . 8  the c o n c ent rat ions of many e l ement s ,  in c l ud ing 
a rs en ic , a re w e l l  above t he values known to be t oxic to aqua t i c b iot a .  
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For the reason. given above I suggest t hat the concent rat ions of t he 
gases l is t ed in Tab le 1 should be inve s t igated, with adequat e  sen s i t iv i t y  
to aS8ure t hat effluent re l eases from neither t he proposed demon s t rat ion 
program nor a ful l y  developed geothermal energy system would produce a hea l t h  
hazard for either on-s ite workers or t he general pub l ic .  

Respect fully submit t ed, 

Bob E. Wat t  (PhD, Nu c l ear Phys ics ,  ret ired) 

Dist ribut ion: 

New Mexico Congress ional delegat ion 
Senator Pet e  Domenici 
Senator Harrison Schmit t 
Representat ive Manuel Luj an , Jr. 
Represent at ive Harold Runnels 

NMCCAW 
George J. Biggs 

K .  Yarborough 

T. Davi s  

State of New Mexico 
Heal t h  and Environment Dept . 
Secretary Dr. G. Goldstein 

Energy and Minera ls Dept . 
Secretary L. Keho� 
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TABLE 1 

Chemical Chemical Concentrat ion limits Toxic it y  Boiling 
Group name & rat io to point 

formula ppm mg/ 1 iter H2S °c 

VI A Hydrogen 20 0 . 027 1 -61 . 8  
sul fide 

l!zS Hydrogen 0 . 05 1 x 16-4 270 -42 
s el enide 

H2Se 
Hydrogen - 4 
TeUuride 

�Te 
35 ? Hydrogen -

polonide ? �Po 

V A., Phosphine 
1 -5 H P  0 . 05 7 x 0 386 -87 . 4  

Ar8�ne � 10-4 H As 0 . 05 1 270 -55 
St i�ine 

x 10-4 H3Sb 0 . 1  5 54 -1 7 
B ismuthine 

a3B! 22 
IV A S i lane 

H4S i  -111 . 8  
Germane 

B4Ge .90 .0 
Stanane 

H4Sn ·52 
H4Pb '/ '/ 

II B Dimethyl 
96 mercury 

Hg(CH2' 2 
Me rcury 

357 

VI A Su l fur 
dioxide 1 0  0 . 0 2 6  1 -1 0 

VIII A Radon 1 0  pe i/l iter ;  Al pha decay -61 . 8  
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LEGAL RESPONSIBILITY , LACK OF LIMITS , AND ENFORCEMENT 

The DElS is deficient in several instances regarding the question of legal 

responsibU! ty for potential environmental damage . The DOE should also recognize that 

in a number of areas there are no quantitative limits to pol1uting effects at either 

the State or the Federal level . 

For instance , on p .  2-3 ,  the disposition of drilling muds is discussed . As 

these muds consist of caustic materials , what laws are there to ensure the fact that 

these substances will not find their w� into local surface waters? 

Are there any regulations guaranteeing that the reseeding of disturbed areas 

along the transmiss ion line route will in fact be carried out , as is said will be 

on p .  2 -28? 

On p .  3-92, we find that there is no protection for the citizen against 

industrial noise , only some II genera.ll.y accepted guidelines" . 

The much�entioned State ambient air standard for H2S has itself not been 

traditionilly enforceable against anyone . Rules make no sense unless there are 

built-in a means for enforcing them . 

The DElS also fails to discuss legal responsibility for potential damage 

resulting from cooling tower drift (p .  4-34) , and erosion and siltation due to 

transmis s ion line cons truction (p .  4-54) . Additionally, no mention is made of 

legal require�ents to res tore the site should the plant be abandoned (p .  6-1) . 

I ding public funds 
The Los Alamos Chapter of NMCCA&W feels that the DOE , n spen 
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for this projec t ,  has an obligation to the public fa include in _the ElS a far 

more detailed discuss ion of how and by wham the citizen and the environment will 

be protected in those areas mentioned . 

Addendum � Presented � Hearing 

As one minimal interim procedure for enforcement of the many provisions and 

actions for environmental. protection described in the DElS to be taken by the 

developers , we suggest the following: execution of the provis ions and actions 

should be made a formal. part of the contract,. between the developers and the 

DOE , and the DOE should be leg� responsible for enforcement . This might also 

be accanplished by means of a separate contract . 
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Res pon s e  to Bob Wa tt 

There i s  n o  rea s o n  to bel i eve t h a t  the H2 S wh i c h  i s  a s s o c i a ted w i th 

the geotherma l fl u i d  wou l d  have a n  e q u i l i bri um rel a t i on s h i p to the s u l fa te 

concen trat i on i n  Redondo C ree k .  S u l fa te i s  often a bundant i n  a l l n a t u ra l  

aqueous  systems ; hyd rogen s u l fi de however i s  fou n d  on l y  i n  s pe c i f i c  reduc i n g 

e n v i ronmen t .  The re fo re the l og i c  fo r a s s um i n g  the pre s ence o f  any reduced 

gas  s uc h  a s  a rs i n e  ( H3As ) o r  hyd rogen s e l e n i de ( H2 Se ) wh i c h i s  ba sed o n  

s u l fa te/H2 S re l a t i on s h i p  i s  i n v a l i d .  

A s  fo r the s e l en i um ,  the concentra t i o n s  i n  the geotherma l fl u i d  a re 

a t  o r  bel ow the d ri n k i n g wa ter s ta n d a rd o f  1 0  ppb a n d  a tox i c  concentra t i on 

o f  g a s  from t h a t  l ow a concentra t i on i n  the fl u i d  i s  n o t  expec ted to o c c u r .  
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Itt . Betu11e G . DiEon� 
U. S .  Depart�nt o·l �e.rgy 
Divi.ion of Ceoth�T1I8.1 inergy 
Rooa· 3122C 
Washington, DC 20�a5 
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LAND AND CATTLE COMPANY 
P. O. BOX a:'J78. ABll.£NE. TIDtAS 79&04 

septe.ber 5 ,  1979 

RJ: Response to Dralt of 
EDviroumcntAl T�8et Sta tement 
OOE/BlS 0049-D 
Oeoth0rmal Demonstrat ion Prus�" 
50 MWe Povel:" Plant ' 
a.ea Banch • 

De4r !It' .  DiBona � 

lty name is Ja.e.1 P. Dunig&.n an4 1 npresent the tota.l OVI1�r
ship of the s urface. atld a.lDer.l � of the Jac.a Ranch . 1 WAS utreJliely 
di sappointed that the people preparins the P.nvif'QfI�nt.a l IlIPae t 
Stat�t did do t s.e ftt to conta c t  .e in conne�t 1oQ wIth their 
9tudiea nor t �  furtl1.eh I.e Il eopy of th (J Envi"Qn�" t81 Impact State
IRnt . Ttd . • (!Q1,1.rt:es, should be extended to any land ovru:r. and e",p*c:·
tally to � who haa always coop�rat�d with every agency ot the u . s .  
CoveLDlll'nt as vell a s  tbe utility cOlllp.my and lJniQli Oi 1 CotIpany who 
are participating i� the demoDstrat 1Ott plant . 

I wish to' take particular exc�pt ioo to K tateuent. on pases 1-3 . 
3-14 and 4-1 i n  wich the general. theJe h t.h4t PPV�f' the 3O-ye�r 
I i  foe o f  8 POv..c! [ plant approx.11Il.'!t�1, 746 .:a � re li  of l and vithin rt,l�d"[ldo 
CanY(7n wi l l  br, �Q�t t t�d s oh!ly tf.l geolbf!rm.U .ac:1.t ivity • • •  " ; an6 
addit 10nally to the .tAt�nt to the e ffect that �no �o�et1ng �e 
of lend 19 pTe9€tnt w1thill Redondo C�nycn . \' Theae two .t8t�me.n t: 8  
Are tlot co rne t  in t ha t  8 S  laJ1cl. <1Wdt!t'8 we a r e  E!l!tHled t o  u.�(t thll 
land for �ny pUl"fiOn, &'Uch as grazing C f!l: t le t recreation or hunting , 
We certa1l1l)t rer.oSCize D�l" Qb I. t l.iat f oo  m,t t" h 'i. t:�rfEore with. the · 
p.uticular ,d ta (lc.c.upied by the geo :.h�r1Ml c!eve lopm".!nt . I .aill p""r
Ucularly conceroed \lith th(l9€ . s t a t n�Dti1 be.ca'..: ge . they tend t.1O augs�li �  
that this land is vitnd t'4WIl f+Q1Il imY u.u other . t:l'\MI geotheras.l ; 
Sl.Jch sta teme-nt s 6I·e not tr.ue ,. .-ni;i cDu1� ¥ell  � p::i'l.1udtc.ial !to our 
poiiliti.oD 8S regards 'the etforu � £  tbe. U . S . Ga'ltermar::nt to acqui re tb� 
ent:!n-. r.!incll . l' dnl;cQ 9 tate�n t e  which si:e (:olltrar>' t.o t:ht! fa�U 
cCluld def it:'Jj tel� ba...e a br&ring on t.hQ. V�hl� of th�8e 8�r�s . 
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We �e lco� you to ioquin abqnt: the contractt:l that exist 
b{lt:vcc.n Dursel�es and .JJnioo Oil Company :md abo ' velcow.e other 
inquiriee you ;'eare' to ..u.e t ') s'lltiaty )'ouradW8 4S to th'e e.or r�c t'  
ness of OUT st�t:��nt8 . 

. 
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Response to J .  P .  Dunigan : 

The text has been modified to bett er clarify the present status and 

private owner ship of the proposed proj ect area (Section 3 . 1 . 1 . 5 ) . The 

7 4 6  acres of land referred to as being devoted to geothermal activities 

encompasses the entire well field and plant site for the 50  MW plant . 

Except for some livestock graz ing practiced by the private owner , 

geothermal exploration by Union , with the landowner ' s  permission , has 

been the maj or use of this land in Redondo Canyon in recent year s .  The 

land on which the well f ield and proj ect site are located will remain 

under the current owner ship of Mr . Dunigan and the Baca Land and Cat tle 

Company . Pr imarily for the purposes of  safety , ther e are lease provis ions 

between the geothermal operators and the current landowner which control 

access to the proj ect area to preclude casual use by o ther than the 

landowner or his guests . As the landowner , Mr . Dunigan has access to the 

proj ect area for any purpose permit ted by the lease agreement . However , 

experience at the Geysers , the only operating geothermal plant in the U . S . ,  

indicates that uses of  the well field area for general hunting or 

r ecreational purposes would be impractical and incompatible for safety 

reasons . Other low-presence uses of the proj ect area , such as lives tock 

grazing , are more compatible with the geothermal operation . 
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new mexico Cit i zens for C lean " i r a nd lUat e r  

Mr .  Benni e  G .  Di Bona 

P . O .  Box 5 
Lo s  Alamo s 
New Mexico 81544 5 Sept embet- 79 

U. S .  Department or Energy Rr-57 
Div i sion or Geothermal Energy 
Mail stop 3l22C 
20 Massachusetts Avenue , NW 
Washington, D . C .  20585 

Dear Mr. Di Bona : 

In re spon s e  t o  your reque st for written comment s on the 
DETS ror the Baca Ranch 50 MY� Power Plant Geotherma1 
Demonstrat i on Progrmn, I run. submitt ing the enclosed 
mat erial for your informat i on .  This mat erial i 5  substant ially 
that whi ch I pre sent ed at the August 30 publ ic hearing in 
Albuque rque . Ple e se no t e ,  however , that Rererence 1 has been 
added t o  t he art i cle on H2 S emi s s ions . 

I was que st ioned on two po int s  at the hearing ,  the first 
involving ait- d i sper s i on model s .  other high t erra in models 

which should be c on s i dered in t he DET S. b e sides the "Valley 
Mode1 n ,  are the " Airplane Model " (which use 'S  TVA parametet'"!S ) 
and the " Modified Turner Model " .  More detailed info rmation 
on the se models may be had by c ontact ing Mike Will iams, wr� 
1 s  a member of our Chapter . He can be re ached at FT S 843-2l�2 
or at hi s r e sidence , ( 50S ) 45�-7321 . Informat ion on the 
var ious mo dels may 'also be he.d through the Air Qual ity 
Se c t i on of the New lwlexi c o  st ate Env irorunental Improvement 
Agency, and the Fe d e ral EPA . 

The se cond po int upon whi ch I wa s que s t i oned was in regard 
t o  the l e t ter addre s sed t o  you from Bob E .  Watt ( a l so a member 
or our Chapter ) ,  dat e d  August 25, 1 979 . A'S I understand the 
que st ion po sed by Mr .  Art Wi lbur , he :sought add i t ionaJl. 
informat i on regard ing the po s s i bi l i ty of t he hydrides of 
se l enium ( Se ) ,  t e llurium { Te }  and arsenic ( As )  be ing released 
from' the c ool ing t owers along with H2 S. Based upon the ir 
heats of fo rmat i on, he appeared t o  doubt that thi s was 
po s sible . In reply t o  thi s ,  may I say f i r st that geologie and 
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chemi cal a s so c i at i ons among the e lement s S, Se ,  Te and As , and 
the ir hydri de s ,  are relat ively well known ( Handbook of Chemi stry 
and Phys i c s ,  Handbook of Chemi stry, A Field Guide to Roeks and 
Mine ral s -- Peterson Fi eld Guide Serie s , ete . ) .  There are 
cert ainly no as surance �  that the highly t oxic hydride s  of Se ,  
rfe and A!J would decomp o se once emi t t ed to the s.t1"'lO sphere . These 
compounds can and do exi st at STP; in Dan�erous Propert i e s  of 
Indu strial Mat e r i al s  ( N .  Irving Sax ,  1960 , for example , we-See 
that the MAC ( Maximum Acceptable Concentrat i on )  for H2 Se ,  
acc ept ed by the Amer i c an Congre �s o f  Gove rnment and Industri�1 
Hygieni st s , i s  g iven as "0 .05 part s per million -in air" . Even If 
t he se hydride.s were broken down , the que stion remains as to 
t he ir fat e .  The reference quot ed above stat e s ,  In re gard to 
s e l enium compounds ,  " i t s COmpOlL'1.d s .. a re all more than moderately 
toxlc f1 and , further, "all t ellur i um  c,ompound's are prob9.b17 
t oxiC , e spec i al ly tho se that are soluble " .  The whole point 1s 
that the DEI S i s  far from adequate in treat ing this entire 
i s sue . More in-depth moni t oring i s  obviously called for . I might 
ment ion al so that Mr .  Hatt i s  pre sently preparing additional 
informa t i on on thi s po int and he promi ses to provide your office 
with thi s material by September 15, 1979 . 

Sincerely, 

:.._v( (") / "  � �P:ig S 
Board Member f·ol'" Geothe rmal. Energy 
Los Alamo� Chapter 
NMC CA&W , Inc . 
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POTENT IAL COUTAXI HATION OF LOCAL SURFACE \oniTI .. �RS 

BY SPI LLAGE OF GEOTHERMAL FLUTD 

The DET S t reat s the po s s ible po11ut ion or Re ( ""ndo Creek and 

San A.?'ltonio Creek a s  equally damaging to the environment . Given 

a cho I c e  between pre se rv ing the status quo in e i ther stream, we 

\1Ol!�d opt t o  d ivert Redondo Creek ( a  mere trick1e which passe�s 

through the plant s i t e ) in order to protect San Antonio Creek 

and the Jemez River ( into whi ch Redondo Creek eventua11y flows 

ne e.I' Bn t t l e ship Rock ) . A culvert c ould he l ai d  through the length 
" 

of the plant s it e  to eff e c t ively i sola.te the creek .from apl 1lage 

of ge othermal f luId . Such spillage c ould be conta ined by dams and 

rein j e cted without ent ering the dm·mstream water she d .  A di sadvantage 

'Hould be a.lt erat i on of t he R�dondo Creek mi cro-environment . but we 

feel t hi s i s  prefe rabl e  t o  exp o s ing t he Jemez River 1;0 rel'at ively 

�'impeded geo thermal s p I l l age . 
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THREAT TO V ALLE S CALDBRA NATIONAL NATURA L LANDMA�� 

The Val l e s  Caldera i s  of nat i onal s igni f i e anc e be cause it i s  �ne 

of the large st volcanic c B.l deras in the wo rl d .  It ha s  b e en de scribed 

in report s to the Nat i onal Park Serviee as be ing a scenic wonderland� 

as anyone who has v i s i t ed the area can att e st t o .  Mo st or the Valles 

Caldera lies 'Within Bac a  Locat i on No. 1 land Gr ant , -whi ch beeame 

a Nat i onal Natural Landmark in 1975 . In report s to the Nat ional Park 

Serviee, geothermal deve lopment act ivit i e s  were i dent ir i ed as being 

the ma j or threat t o  the integrity of the landmark. 

The Landmark i s  pre sently privately-owned, though the C�1dera 

may be v i ev1ed in l arge part by the public fr,om NM-4. The view g i  ve� 

the impre ssi on of an und i sturbe d  l and scape , de splte sO'ITle rust ic ranch 
build ing s be ing wi thin s i ght . 

Since the Landmark i s  pr ivat ely-owned ,  i t  en joys no pr otect ion 

by go ver��ent from pr i v a t e  use s of the l and . Currently, three 

Fed e ral agenc i e s show an int er e st in procuring Baca Location No . 1 

or po rt ions thereof for i t s ge ol o g i c ,  biolo g i c  and hi s t oric features : 

the s e  are the U . S .  Fi 'sh and Wi l d l i f e  Serv i c e , the Nat iona1l. Park 

Serv i ce and t he Fo re st Se rv i c e . In addition, the Stat e of :Helf Mexic·Q 

is int ere st ed in both Re dondo Peak and the Vall e s  Grande as 

pot ent ial St a t e  Natural are a s .  It i s  obvious t h1:.' t  the Vall e s  Caldera 

Nat ional Natural Landma rk i s  of prime int e r e s t  both nat i onally and 

s t at ewide . Such int ere s t  i s  a refl e c t i on of ci t i z en s  value s  and 

d e s ir e s .  We r e c o��end that owner ship of the land be re solved before 

any g e o t hermal deve l o pment beyond t he 50 M'tJe st age be permi t t ed . 
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NMC CA&W c all s a t tent i on to the fact that s l l  Federal 

agenc i e s ,  lncluding the DOE , a�e requl�ed to take cognizance 

or National Nat�al Landmark status . Thi s is a rorm .or -protection 

not only to the land but also t o  the c1t izen. 

Regarding thi -s po lnt , therefore ,  we ask that the DOE re so1ve 

more exact ly, beforehand , to what extent future development , I-at 

Us now say to 400 MI:le ,  will effect the Bacf!. Landmark. The purpo se 

of the Saca 50 WNe geothermal plant 1s obviously to explore 

pot ent ial fnther development . We or NMC CA&W want to know what 

plans fol low. The DOE has at thI s t ime no 1egal re sponsibIlIty 

beyond the 50 MVle stage . There fore , ,in thi s EIS , we a'Sk that 

you giVe rull just i f i c at i on t o  the envi�onmental l�c t s of' this 

use of' publ l c  funds wl thin a �e c ognlzed nat Ional landmark. 

I conclude th i s  portion of our statement with a quote f�om the 

DEI S,  p .  IJ.-66 : "Development a s soc iated wi th the 400 ffi'le expan sinn 

w I ll a1 t e r  the cha�ac t er of the Valles Caldera/fuca Locat1on 

Nat i onal Natural Landma�k t o  the extent that Its -status won1l.d 

su�ely b e  t hre a t ened o� even revoked . 1I 
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V I SUAL I MPAC'l' OF TRAN SMI S S I ON LIliES 

Two t ran smi s s i on l ine rout e �  ha ve been proposed fo r bring ing 
• 

geothermal ly-genera t e d  power from the Baca. Plant to PNH ' s TA-3 substation 

on the Lo s  Alamos Sc i entific laborat o ri e s  site . The se are the Baea Corrid� 

( Corr i d or 1 .) a.....,.d t he sout hern c o rri dor ( Corri dor 2 ) .  

The DET S  devo t e s  c on s i derable at t ent ion t o  the �i ous env ironmenta� 

c ha ra c t er i st i c s  of the two c o rr i dor5 ( w i t h  t he exception of archaeolog i c  

re sourc e s ) and c onclud e s  t hat the so uthepn corridor wou1.d have a. much gre� trr 

imp a c t  upon t he env i ronment t han the shorter, more northern, Baca route . Th� 

sout hern rout e ,  be s i de s b e i ng some 20% longer t han the Baea route , al�o 

cro s s e s  t hr e e  t ime s mo re pub l i c  recre a.t i on land� i nclud ing Bande1 1er 

Nat ional HonUr.lent . The sout he rn corridor ha.s gre a t e r  ero s ion and :stream 

se d iment a t i on pot ent i a l ,  a s  s t a t e d  in the DET S; it also cro sses more 

t r a v e l  rout e s .  

Thu s , i nd i c at i ons ar e that the Bnca route is the more de·sira.b�e cho ice . 

A ma j or d i s advantage of the Ba c a.  c o rridor i !'! ,  however, that it t1'"avel'"�es 

tw i c e 8 S  much of t he Vall e �  Caldera Na t ional Na t ural Lrutdma r'k then do e �  the 

s o ut hern c o r r i dor . !t i �  our und e r stand ing t hat the current owne!" of' fuca 

Lo c a t i on No . 1 wi she � t he tran smi s s i on l ineg to exi t  hi·s hmd in the 

sho r t c !:lt di s t ance po s s i ble , qui t e  l i ke ly t o  avo i d  l o ss of Na t 1 0nail I.e.ndmark 

s t a t u r1 .  'rIli s Hould na t urally f a vor the southe rn c o rridor. 

A �'�0 c ond d t a d v 8 nt a p;c of the Bac n  c o rr i dor 1 'S t hat it i s  t he one more 

U k� l y  t o  be � p. en from the Lo s  Alt=\T'lo� t own s l t e . \ve of the lo s  Alamo s 

Chn p t e r  o f  NI1C C/'I.&H b e l i eve tha t the DE T S  1 2  lax i n  ad dre s slng the que stion :  
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"What will we who l ive end work in Los Alamos see of transml 's�slon line !!:  

on the mountains we st of t own? n At thi s t ime , we feel that thI �  question 
reflects our ma jor e�ncern regarding transmi ssIon l Ine s emanat Ing from 

the 50 MWe Baea Demonstration Plant . 
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HYDROGEN SULF IDE EHI SST ONS AND THE REQUE ST !IT PNM TO WEAKEn THE 

AMBIENT A I R  STANDARDS 

Ac c o rd i ng t o  the draft EI S ( P .  2-1 ) ,  a ma jol'" purpo se of the 

geot hermal demonstra t i on pl ant i s  to demonstrate the "env1lt"Onmental 

a c c e pt abi l ity" of e l e c t r i c al gene rat ion from 1 1qu1d-dominated 

g eo the rmal re sourc e s .  With thi s d e cl ared purpo :se . 'We "fi nd 1t 

incons i st ent t hat PNM should now be a sking the State of New Mexico 

fo r  a fifty-fol d relaxat i on of the state ambient a1r ·standard f'or 
H2 S from the pre sent 3 ppb ( I-hour average ) to lIfO ppb for geotherma1 

are a s .  

Energy deve lope rs a t  publ i c fo rum·s ha v e  de s cribed the H2 S 

amb i ent st a nd ard a s  " s tr i ct " ,  wh i c h  i t  i s ,  and as "arb i trary't , whi ch 

i t  i s  not . The l aw do e s not p e rm i t  the adopt ion of any st andard that 

i s  a rb i t rary . The H2 S  st andard i s  based on pro t e c t ing the populat1on 

against mal odo r s .  The concentrat i on of H2 S t hat can be ·smell·ed by 
the sen sit ive po rt ion of the publ i c  is 4 . 1  ppb ( Ref . 1 ) .  While 

mal o dors a r e  not di rec tly d e st ruc t ive of human, anlma1 or plant 

t hey c l e arly c an be , and have b e en ,  de struct ive of' the "env1l"':OnmentaJ. 

a c c ep t ab i l i ty "  of g e o t hermal ene rgy development . The princ lpa1. cau:se 

of individual and organi z ed c i t i z en compl a int s again:st geothe�nl 

op erat ions at The Geyser s in northern Cal ifornia ha s be en malodor s 

due t o  H2 S emi s s i ons ( Ref . 2 ) .  The se wide spread compla int:s h�ve 

re sul ted from H2 S lev e l s  whi ch in genera1 are v e ry much below l� 
Thi s fact d emon stra.t e s  that " env ironmental a c c eptab i l i ty" and 

conc entrat i on s  of H2 S of l¥O ppb ( I-hour ave rage ) are cl early 

inc ompa t ibl e . 
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What al t e rnat ive s are ava i l able bes i d e s  weaken ing the st andal'"d 

or abort ing the pro j e ct ? Techn i c al options ava ilable for �edue lng 

H2 S emi s s i on� are not adequa t ely addre ssed in the draft ElS . The 

source of virtually all uncontrolled K2 S emi ssions from the 

propo sed plant i s  the cool ing sy stem. The se emi 's sion.'S eou1.d be 

reduced by up to 9810 by use of dry or wet/dry cool ing towers in 
• 

pl ace of th open cool ing towers . However, in the draft Er S, thi s 

opt ion 1 s  di smi s sed with d i squ1 et ingly s lmpl i st ic �rgument:s and 

expl anat i ons . The document says ".lI\,any" dry cool ing t owers are qui te 

no i sy ( P .  10-7 ) .  Are there some tha t  are not ? The document says dry 

c o ol ing towers are " expensive " for most appl i cat i ons (P. 10-7 ) . The 

re l at ively low ambi ent t emperatures at the mounta in lo c'a.tlon of the 

Baca. Ranch make dry t owers more a t tract ive there t han a.t other sit�s. 

\aJhat does " expen sive " me an ?  What are the relat ive co st.s for dH'ferent 

type s of cool ing system s ?  What fract ion of geothermal power 

produc t i on c o st i s  due t o  cool ing system c o st ?  How much would 

pro duct ion co st s and con sumer co st s  be inc re a 'sed by u sing c(J..eaner 

c o o l ing towers in the Geothermal Demons trat ion Program? 

The se que st i on'S do not prove that cl e aner t owers are economl call:y 
feas ible . but ne i ther do e s  c al l ing them "expen s ive " prove 

in.fe a s i b i l ity. The re al e c onomi c s  of thi s  import ant i s sue of 

" envi ronment al a ccep t ab i l ity" mu s t  be addre s s e d  fully and publicly . 

REFERENCE S :  

1 .  Le on�.rdo s , G . , e t  al e " Odor 'l'hre shold Det e rmina t 1 on� or 5 3  Odorant 
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Chemi cal :s "  Journal o f  the Air Pollut ion Control As soc iat ion , 

Volume 19 , No . 2 ,  pp . 91 ff ( February 1969 ) .  

2 .  Ellickson , P . L . , et al e " Balanc ing Energy- and the Envi ronment � 

The Case of Ge othermal Development " R-2 214-DOE, Rand Corp . !":or 

DOE, pp . 116 ff ( June 1978 ) .  
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� QUALI TY: MONITORING � MODELING 

On p .  3-59 or the DEI S ,  under the De scriptI on or Exi sting 

Env.fionment , are given re sults of a three-month pro� or monito�lng 
part i culates near Redondo Creek. The reported average reading 1 s  

40 mi cro g/m3 • This value i� far too high t o  be truly �epre sentative 

ot ambient part iculates in that area before the advent of g�othe�a1 

act ivities. Ave rage readings or 15 to 2'0 mi cro g/m3 are typical. for 

rel at ive ly undi sturbed or remote areas or New Mexico .  Even monit�rs 

in popul. at ed areas such as Los Alamos (at the �iedical Centel' and the 

Whit e  Rock sewage tre atment plant ) give average readings of 2;0 t,o 2'5 
mi cro g/m3 • If' part icul. ates are round to average 40 in the raIl 
( whi ch is not a windy season ) near Redondo Creek, clearly the 

monitors are me a suring effects of exi -st ing geo t herm�l ac t ivi t i e s , 

whi ch cannot fairly be used t o  de scribe repre sentat ive pre-pro ject 

cond i t i on s . at t he Baca Ranch. 

A se cond short c oming in the DET S di scus si on of air qual ity is 

that deal ing w i th air di spe r si on modeling ( PP .  4-22 to 4- 32 ) .  The 

mo de l  used do e s  not a.de quately t ake into s.ceount the effect of high 

t erra in i n  the v i c inl ty ( approximately 10 kilorne tel"� t o  the SSE )  of 

the propo sed p l ant . Seve ral other hi gh terrain mo de l s  ( such s:s th� 

H i d e l y  used " Va l l ey No de l " ) w i l l  pre d i c t  I-hour average ambi ent 

H2 S conc e n t ra t i ons fo r Ba ca Plant emi s s i ons of over' twice the New 

Nex i c o s t a nd ard . Some o f  the se other corr.unonly u sed hi gh t erra.in 

mo d e l s  sho u l d  b e  u g e d  to c a l cul � t e  expe c te d  con c e ntr!l t 1 o n s  of H2 S 

and t he re sul t s included in the r i n�1 El S .  
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Response to New Mexico Citizens for Clear Air and Water (Los Alamo s )  

The comments in the letter from C .  J .  Biggs , with attachments , were 

also presented at the public hearing and have been addressed in the 

Responses to Hearing Board Summary (Appendix H) . 

Air qual ity evaluat ions were based on "modif ied flat terrain models" 

while the comments suggest the use o f  "high terrain" models  or "complex 

terrain" models . S ince complex terrain models tend to be based on flat 

terrain models it is probably true to say that the maj ority of  comp lex 

terrain investigations use "modif ied flat terrain models" . As suggested , 

models are available for the prediction o f  dispers ion in mountainous 

areas (complex terrain) . One model used in the DEIS is based on a 

formulation due to Egan which is generally considered to represent about 

the bes t possible approach to the problem at the present time . No t all 

available models can be similarly characterized , however .  For instanc e ,  

the model "VALLEY" which purports t o  be applicable to complex terrain 

situations has been strongly criticized recently and the DEIS s taff did not 

chose to use this model in the work . For the nocturnal drainage f low 

the assumptions and caveats which apply to the calculat ions have been 

clearly stated in the DEIS . The resulting concentrat ion should be 

analyzed with these s tatements in mind . 

Al though the DEIS addressed the quest ion o f  reliably predicting 

dispersion in the p roj ect situation , it did no t discuss the matter in 

any detail . It was felt that a long technical discussion of this matter 

would do little other than to arrive at the conclus ion that the subj ect 

is not well understood . This point was made in the DEIS together with 

point ing out the fact that there was a scarcity of data . The subj ect 

o f  dispersion in complex terrain is being s tudied int ensively at the 

present t ime . The calculat ions reported in the DEIS represent what is 

considered to be a "state-of-the-art" effort . It was decided to proceed 

in that manner after a thorough s tudy of the s ituation involving 

discussions with re searchers in the area and following a review of the 

data which were available to the staff . 
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Part iculate concentrations of 40 �g/m3 may not be representative of 

undis turbed areas of  New Mexico .  Thus thes e data may be reflecting the 

impact of activity in the area of the site . However ,  background 

concentrations for New Mexico vary widely and it  should be kept in mind 

when speculating on the Los Alamo s figures tha t much of that area is 

paved . 

Section 4 . 2 . 3  has been rewrit ten for better clarity . '  





Appendix J 

ADDITIONAL COMMENTS RECE IVED DURING CONSULTATION PROCESS 

IN COMPLIANCE WITH 

THE AMERICAN INDIAN RELIGIOUS FREEDO� ACT 
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PUEBLO of ISLETA 
P.O. Box 317 

kleta, New Mexico 17022 
Office of the Covemor 

November 30, 1979 

Mr .  Arthur C .  Wilbur 
Geothermal Proj ect Office 
U . S .  Department of Energy 
600 Second Street , N .W. 
Albuquerque, New Mexico 87102 

Dear Mr .  Wilbur : 

Telephone 
(50S) 169-3 1 1 1  

(50S) 169-6333 

In answer to your letter on the Geothermal Demonstration Power 
Plant Proj ect and the statement contained here in on Inqian cultural 
impacts, I am respond�s before in ��tter of A�st 10, 1979 . 

From the view Non-IndiaL cultura1�I am sure that 

consideration that i the Indian � of 1 .  c omments made 
you are only . advantage t�t the PGwithout any 

by the Indian people recent-'hearii!ls sbo .. y indicate 
the true feelings the Indian people have of the project . The 
encroachment and d ion of the IneyeR 12 i gion is the true reason 
that we are proj ect . 

that the Constitution' of ;t �nited State§. is also HStlltaElS whlt-e it a1fRl gives t1t1€ of the Un\ted State s  
�'.1..L10l, .L1,"" ,  but ye1!, this i s  ' ' .  �er1ooked to give due 

an 1igion which is th " , _Jr Indian Life . • 

� , 

_.r __ t.c:.a:_ 
Council are st ' . . ng a �1rm stand 

�� Alvino Lucero 
Governor , I sleta Pueblo 

AL/la 
• 

cc : ��� 
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?HD N E  15D5) . 6 7-3 3 D4 

BAN YS I D R O .  N EW M EXI C O  B 7 0 5 3  

Arthur C.  Wi l bur 
Geothermal Demostration Project 
U . S . Department of Energy 
P l a za Del Sol Bl dg . Room 71 2 
600 Second Street , N . W .  
Al buquerque,  New Mexico 87 1 02 

Dear Mr . Wi l bur : 

December 4 ,  1 979 

I N  REPLY RE,.ER TO :  

Thi s is in reference to your l etter whi ch  dea l s wi th the proposed add i ti on to the 
Fi nal Envi ronmenta l Impact Statement i n  whi c h  you asked the Puebl o of Z i a  to ma ke 
comments . After some di scussion wi th the key peopl e here i n  the Puebl o ,  we feel 
that the Puebl o of Z i a  can ' t  fu l ly accept the proposed addi tion to the Fi nal En
vi ronmental Impact Statement .  

There were several reasons for our acti on , the fi rst being  the amount o f  time 
al l otted to the Puebl o on which  to ma ke comments . The Puebl o of Zia  feel s tha t 
two weeks i s  not adequate time for u s  to comment on an i ssue of thi s  importance 
and come up wi th a deci s i on whi c h  wi l l  effect or al ter the ways and condi tions of 
our cul ture . If we accept the comments as they are wri tten or a�tempt to respond 
to the proposed addi ti on we woul d  in essence be s i gn i ng off our rel i g i on i n  that 
reg i on . If adequate time coul d  be g i ven we feel the Puebl o cou l d  comment in greater 
deta i l  on the proposed add i tion . 

Secondl y ,  Puebl o concerns are not addressed when certai n  i ndi vidua l s  are used as 
"spokespeopl e "  for the Puebl o • .  We woul d  l i ke to mention the fact that the proposed 
addi tion doesn ' t  use Puebl o i nput but i nstead uti l i zed the comments of a few i n
dividual s who don ' t  have the authori ty to speak for the Puebl o .  Throughout the 
secti on you refer to peopl e l i ke J .  Sando , A .  Orti z and F .  El l i s ,  though  these peopl e 
are professi ona l s wi thin the i r  chosen fiel d they can ' t  rea l l y  express the true 
feel i ngs  of the Puebl o .  These peopl e can express their thoughts a s  i ndi vidua l s 
but these peopl e do not l i ve on a day to day basi s wi thin  the respecti ve Puebl os . 
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The use of only certa i n  i nd i v i dua l s  wi l l  cause confl i cts wi th the Puebl os when 
the true Puebl o feel i ng i s  di sregarded . Therefore . i f  the comments can ' t  express 
the feel i ng of the true Puebl o l eadersh i p  then we reject the proposed add i tion . 

The final  reason i s  that the proposed addition to the rin�l Envi ronmental Impact 
Statement refl ects on the theory that minima l  impact wi l l  occur .  We feel that we 
addressed thi s theory back i n  August when the Puebl o of Zi a went on record stati ng 
that  man and machi ne can ' t  predi ct what impact the project wi l l  have on Mothe� 
Earth.  Therefore . we as I ndian peopl e depend on thi s a rea for our rel igion and to 
accept that  only mi nima l  i mpact wi l l  occur i s  only defeati ng our cause and survi va l . 
we must stand on the pri nc i pl e  that more than maximum impact wi l l  occur . 

These are but a few concerns and i f  add i tional meeti ngs can be of some benefi t 
pl ease feel free contact us . 

Thank you . 

Si ncerel y  yours . 

� �"'-� 
Moses Shi j e  - � 
Governor 

MS : pp 
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P U E B LO O F  Z U N r  
P. O.  BOX 339 

ZUNI, NEW M EXICO 87327 

ROBERT E. LEWIS Gooemor 
THEODORE EDAAKIE Ll Gooemor 
aEFFERINO ERIACHO, SR.  

Held Councitman 

"SANCIO LASILOO Councilman 

U .  S .  Department of Enerr,y 
San Francisco Operations Office 
Geothermal Proj ect Office 
Plaza Del Sol Building , Room 712 
6aO Second Street , N . W .  
Albuquerque , New Mexico 87102 

Attention : Arthur C. Wilbur 

Dear Sir : 

DEC 6 1979 

MILO OWA.lEOr, 
Councilmen 

ROG E R  TSABETSt..YL: 
Councilman 

Coul'lCilman 

ALEX S O C-F. e 
Councilman 

In reply ,..., to: 

Regarding your letter of , on or about , November 18,  1979 , and the information 
which you enclosed , we have reviewed it and find it entirely true and accept
able as it is written except for the location description of Zuni in Section 
3 . 1 . 10 . 1 .  Geographical Setting . The Pueblo of Zuni is one of the nineteen 
pueblos , but it is B£! in the Rio Grande Valley , it is wes t  of the Continental 
Divide , lying in the Zuni Mountain watershed on the Zuni River , which is a 
contributary of the Little Colorado River system. Please correct this reference 
in the report . 

It appears that the Native American Religious Freedom Act is forcing the Indian 
tribes to locate , describe , and reveal areas , religious rites , and sacred areas 
auu ouJ ects to the vai"ious federal agencies in order to accrue to the "protec
tions" intended under the law. 

This kind of information becoming a matter of public record in an EIS was not 
the intent of the so-called 

"to protect and preserve for Native Americans their inherent right 
of freedom to believe , express , and exercise the traditional reli
gious of the American Indian , Eskimo , Aleut , and Native Hawaiian , 
including , but not limited to access to sites use and possession 
of sacred obj ects and the freedom to worship through ceremonial 
and traditional rites" . 
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These things should be worked out be tween the Secretary of the Interior and 
the other various federal agencies through memoranda of agreement "as to the 
desired confidentiality of such information. 

In 

L-r 

S incerely yours , 

m�O-44J� 
R6bert E. Lewis 
Governor , Pueblo of Zuni 

, ') , f ' I .-", 
... \ > - ' .  : < ' , :  '" '- .... 

' -'.' � �"� �" " y '- " " " . '  
.
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OFFICE OF THE GOVERNOR 
�. O. BOX 78 

.JEMEZ PUEBLO. NEW MEXICO 87024 

Arthur C .  Wilbur 
Proj ect Manager 
Room 7 1 2 ,  Plaza Del Sol Bldg . 
600 2nd St . N .  W .  
Albuquerque ,  New Mexico 87102 

Dear Mr . Wilbur : 

December 6 ,  1979  

In review of the Baca Geothermal Demonstrat ion Proj ect , we are sub
mitting our comments to the section dealing with the Pueblo Indian ' culture 
and religion . 

In essence , the Pueblo does not accept the report as submitted , 
therefore,  we rej ect the entire document . Af ter careful analysis we have 
found the do�ument in conflict and a lack of und erstand ing with our 
religious values and way of lif e .  

As previously stated by the Jemez tradit ional leaders in the two 
public hearings ,  the Pueblo is eminently against the geothermal develop
ment proj ect in the Jemez Mountains . It is a d irect threat to our cul
ture , l ife and way of expressing our religious beliefs . 

Therefore , the religious leaders and the Jemez Tribal Council rej ec t s  
the document and the entire proj ect . 

s�:cirelY ' 

A.fA/A�l 
Henry Mor 
Governor of Jemez 



SANTA CLARA 
POST OFF ICE BOX 580 

(505) 753·7326 

December 7 ,  1979 

Arthur C. Wilbur, Project Manager 
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Geothemal Dem:mstration Power Plant Project Office 
Roan 712 , Plaza. del Sol Building 
600 2nd Street ,  N. W • 

Alb\Xluerque, New Mexico 87102 

Dear Art :  

I N D I AN PU E B LO 
ESPANOLA. N EW M E X I CO 

87532 

We have been reviewing the EIS regardi.ng the Indian Religious and Cultural Con
cerns . Although I am sure we can argue and omrrent on specific areas in the 
c:k>cunent ,  we cannot &:fford to jeopaxdize those values and beliefs in order to 
satisfy the De}:artment of Energy ' s  pert icipe.t ion . 

We have oontinually rejected and opposed any direct participation to date ,  and 
I believe that we will 00 so ,  so long as it directly confronts our Inc:lian 
culture and way of life . 

This is just a reassurance and recannjtment in behalf of Santa Clara Pueblo and 
its prop1e that we will oootiIJue to fight against the propa;ed Baca location 
Geothenml. IUwer GeDerat ion Plant in the Je.mez Ji::mltains region. 

In CXXlClusion, this SlIJIIB.I'izes our feelings and concerns regarding the SUW1e
ment to the EIS deal:fJIg with our religions and cultures . 

'!bank you for allowing us this time. 

Sincerely. � 
-Iff!1iADasMoo. (bveroor 

Santa Clara Pueblo 

WD/gy 



B R UCE .J. TER R IS 

ELEANOR M. G RA N G ER 

�IUP G. a U N D E R LA N D  

EDWARD H. C O M E R  

TARA HARVEV 

DELMAR KARLEN • .J R .  

KAR E N  H. EDG EC O M B E  

NORMAN L.. DEAN 

Marty Rogowsky 

J-I0 

BRUCE J.  TERRIS 
1 1526 1 STH STR E ET. N.W. 

WASH I N GTON. D. C. 20036 
December 7 ,  1 9 7 9  

Off ice o f  Gene ral Coun se l  
Department of Energy 
Room 6 D 0 3 3 , Forre stal Building 1000  Independence Avenue , S . W .  
Washington , D . C .  2002 4  
Dear Mr .  Rogowsky : 

(202) 332-1882 

The Santa C l ara Pueblo has reviewed DOE ' s  supplemental 
materials on the potent ial impacts of the Baca Demonstrat ion 
Geothermal Power P lant on Pueblo culture and rel igion . The 
supplement conclude s  that the plant would infr inge on the free 
practice of the Pueblo re l igion and propo se s a mit igation plan 
in an attempt to min imi ze that infrin gement . The Pueblo strongly 
be l ieve s that the propo sed mit igation plan wil l not e l iminate 
that infr ingement . The Santa Clara Pueblo there fore be l ieve s 
that its rel igion and culture can only be protected from se rious 
infr ingement through re jection of the pro ject . 

The supplemental mater ia l s  contain several error s and 
de ficienc ie s .  Our analysis has been aide d  by Dr . Florence E l l i s ,  
an anthropologist who has spec ial i zed in the study o f  Pueblo 
culture . Her observat ion s  and conclusions have been conveyed 
to u s both orally and in wr it ing (Attachment A) and are used 
free ly throughout our comment s .  In addit ion , we have used pub
l i shed wr it ings by other Indian scholar s .  Tho se materia l s  are 
attached . 

The Supplement correctly state s that Pueblo rel igious 
be l ie f s  and practices permeate every a spect of the ir day to day 
l iving ( S 3 . 1 . 10 . 2 ,  !2 ) . That pr inc ip le cannot be emphasized 
too strongly . Pueblo re l igion , however ,  not only permeate s 
the ir entire l ife , but integrate s it a s  we l l .  It i s  not simp ly 
a form of worship or a set of philo sophica l  be l ief s ,  a s  i s  the 
ca se with mo st We stern re l igion s .  It i s  that and much more . 
It i s  a pattern for l iving . Furthermore , in these days when 
We stern culture is constantly encroaching on all aspect s  of 
Pueblo l ife , it repre sents one of the areas o f  Pueblo l ife which 
ha s remained mo st intact . It there fore provide s an essent ial 
mean s  for the Pueblo Indians to aff irm the ir dist inct ive iden
t ity . Any threat to the ir re l igion is thus a threat to the ir 
cultural integrity . 
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There are several important concept s which underlie Pueblo 
re l igion and which have not been clearly and pomplete ly pre sented 
in the supplementa l mater ial s .  The concept s are tho se o f  balance , 
p lace , and secrecy . Each has a spec ial re levance to the pre sent 
controversy . 

In the sect ion on the Pueblo concept of real ity ( § 3 . l . l 0 . 3 ) , 
there are several statements which recogn i ze the fundamental im
portance o f  the concept o f  balance to Pueblo re l igion . Thu s ,  the 
Pueblo s  be l ieve that nature i s  suppo se d to be in balance , and " 
that man should conduct his l ife in a manner that ma intain s that 
balance ( § 3 . l . l 0 . 3 ,  ! s  4 ,  6 ) . However ,  there are seve ral co
ro l l arie s  to this princ iple wh ich have been omitted . The f irst 
is  that i f  man up sets the balance o f  nature , that damage i s  per
manent and cannot be rever sed . The second is that any such im
bal ance nec e s sarily ha s negat ive reperc u s s ion s on the world at 
l arge . Those repercu ssions c an  inc lude event s that conventional 
We stern thought would not place in the same cha in of c ausation , 
such as drought s ,  acc ident s ,  and sickne ss . 

The Pueblo Indian s be l ieve that the dr i l l ing and other 
act ivit ie s  a s sociated with geothermal energy produc tion up set 
the balance o f  nature . Tho se act ivit ie s  invade the underwor l d ,  
which a s  the supplement correct ly de scr ibe s ,  is  the mo st important 
leve l o f  nature in Pueblo cosmo lo gy ( § 3 . l . l 0 ,  ! 4 ) . In addition , 
tho se activit ie s contaminate the un derground water supply , a lter 
it s nature f low , and po ssibly reduce it s sur face abundance . That 
impact is particularly serious bec ause , as the supplement recog
n i ze s ,  water has " pre-eminent importance " in Pueblo re l igion , 
is the medium by wh ich sp ir its trave l to and f rom the underworl d ,  
and is used in ceremon ie s for worship o f  tho se sp irit s ( § 3 . l . l 0 . 4 ,  
!2 ; § 3 . l . l0 . 3 , ! 6 ) . See E l l i s , Anthropo logica l  Data Perta in ing 
to the Tao s Land C l a im ,  p .  1 0 6  (Attachment B ) . Thus , geothermal 
act ivitie s str ike at the very heart o f  Pueblo re l igion and ca use 
a ser ious interference with the natural hydrologica l  balance . 
That inte rference i s  perce ived as having ve ry far-reaching and 
negat ive reperc ussion s throughout the Pueblo world (El l i s  Letter , 
Attachment A ,  p .  1 ) . 

The second concept which nee ds to be empha s i zed concerns 
the importance of place in Pueblo re l igion . The Pueblo Indian s  
are sti l l  l iving today on the same s ite s where the Spaniards 
found them in the 16th century . Sando , The Pueblo Indians , p .  
2 3 ,  Attac��ent c .  More important ly , they are st ill us ing many 
of the same shr ine s that the ir ance stors did . Those shrine s 
cannot be mo ved , j u st as the holy place s in Bethelehem and Me cca 



Marty Rogowsky 
December 7 ,  1 9 7 9  
Page Three 

J-12 

cannot be moved . S imilar ly ,  when Pueblo Indians gather sacred 
obj ects or perform sacred r itua l s , they must be done in a spec ial 
setting in order to be e f fect ive . The r itua l s  "must be per
formed by spec ial person s at stated t imes and place s ,  in the 
pre sence of certain powerful fet ishe s  and to the accompan iment 
of set prayer s ,  songs and other r itual acts . "  Parson s ,  Pueblo 
Indian Rel igion , p .  2 6 9 ,  note , Attachment D .  And when sacre d 
branche s are collected for a ceremony , n [n l ot just any tree , but 
a suitable tree must be found . " Tyler , Pueblo Gods and Myths , 
p .  2 52 ,  Attachment E .  Thus , the re l igious power re siding in 
shrine s or sacred ob jects is  intimate ly connected to the phys ical 
locat ion of those phenomena . Shr ine s and sac red ob jects cannot 
be rep laced with subst itute s in another loc ation . Not every 
mounta in or place is equal ly powerful . Tyler , supra , p .  2 51 .  

Consequently , the statement in sect ion 4 . 1 . 7 , !6 , that 
" a  sacred ob ject has greater signif icance for purpo se s of the 
r itual than its col lect ion are a "  is  fundamenta lly wrong.  The 
va lue o f  a sacred ob ject is  t ied to it s collection area . I f  the 
geothermal pro j ect disp l aces sign i f icant gathering areas or shr ine s ,  
it wi l l  de stroy the powe r of the r itua l s  and ob jects assoc iated 
with them . 

The third important concept which is not ful ly expla ined 
in the supplementa l mater ials is the Pueblo nee d  for re ligious 
secrecy . The materia l s sugge st that secrecy evo lved partly in 
re spon se to rel igious per secut ion by early Spanish invaders , an d 
continue s because of the need to prevent de secration o f  sacred 
site s by non-nat ive s ( S 4 . l . 7 , !s  7 ,  8 ) . There is another basic 
re ason for secrecy . The Pueblo Indian s be lieve that when re l i
gious ceremonie s are improperly reve a le d  through words to , or 
sight by , non- Indian s ,  the power of tho se ceremonie s is  lo st . 
P ar sons , supra , pp . 8 2 - 8 3 . This be l ie f  expla ins in part why 
Pueblo re l igion does not pro se lyt i ze . Sando , supra , p .  2 3 .  It 
a l so me an s that reve lat ion of a secret c an be an infr ingement of 
re ligion in and of itse l f , regardle ss of any subsequent use o f  
that secret by non- Indin a s . Con sequent ly , if  the pro ject in
crease s  the potential that Indian ceremon ie s will be viewed by 
non- In dian s ,  it po se s  a threat to the integrity of Pueb lo 
re l ig ion . 

With the se three concepts in mind,  we turn to a discussion 
of the probable infringements on rel ig ion which have been iden
tified in the supp lement . The f irst potent ial infringement is 
the de struct ion of re l igious site s . The mo st important re ligious 
s ite near the project area is Redondo Peak . The top of that Peak 
contains a ma in shrine for at lea st s ix Pueblo s , inc luding Jeme z ,  
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Z ia , Santa Ana , S an Fe l ipe , Cochit i ,  and S anta C lara . Pueblo 
shrine s such as this one have much the same significance a s  
altar s  in the Catho l ic church .  The shr ine at the top o f  the peak 
is the altar , and the area surrounding the peak is the church . 
Re l igious spir it s are be l ieved to concentrate at the se shr ine s .  
The Pueblo Indians make o f ferings and perform ceremonie s at the 
shr ines to per suade the se sp irit s to he lp them mainta in a har
monious ba l ance in the world . There are a l so other re l igious 
shrine s in the pro j ect area . 

The supplement incorrect ly state s that adverse impacts 
to the se site s would be min imal . On the contrary , the pro j ect 
would be a ma jor infr ingement . The plant would undermine the 
integr ity o f  a ma jor shrine and the church which surrounds it . 
The supplement admit s that Redondo Peak is l ike ly to be affected 
by the sight , sound, and smell of the pro j ect , but c l a s s ifies 
the se impacts as only an " inva s ion of pr ivacy . "  This charac 
ter i zat ion is gro ss undere stimate . The se impact s de stroy the 
very e s sence o f  the shr ine . It is nearly impossible to e stabl ish 
or ma intain one ' s  focus o f  devotion and worship in the natural 
church- l ike setting when only a short distance away there is the 
v i s ible ugl ine ss o f  plant techno logy , the audible shock wave s of 
dri l l ing operation s ,  and the occasiona l sme l l  o f  nox ious hydro
gen sulf ide fume s .  The situat ion is c omparable to operating 
a j ackhammer in the interior of a Catho l ic church . 

The no ise impacts a lone are total ly unacceptable . The 
supplement state s that li the no i se reaching Redondo Peak from the 
neare st pro ject fac i l it ie s  is computed to be 50 to 6 0  dBA dur ing 
dri l l ing and con struct ion and 4 0  to 50 dBA during operation " 
( S 4 . l . 7 , 12 ) . A recent study o f  noise impact s  o f  geothermal 

deve lopment demonstrates that the se no ise leve l s  are a ser ious 
problem j u st for ordinary re sident ial communit ie s .  P e  Le itner , 
An Environmenta l Overview of Geothermal Deve lopment :  The 
Gey ser s-Cal istoga KGRA , Vo l .  3 ,  Augu st 16 , 1 9 78 , Attachment F .  
That study found that geothermal no ise intrusion " c an be par
ticularly di sturbing to people who have chosen to l ive in the 
KGRA region because they place a high va lue on quiet and sere
nity . "  Id . at 4 .  Furthermore , it found that while " the most 
vigorous

--
and wide spread complaints came from receptor sound

pre s sure leve ls of 6 0 - 7 0  dBA or h igher , "  " leve l s  as low a s  4 0 - 5 5  
dBA have drawn a more vigorous response than would be expected 
in a typ ical urban or suburban commun ity . "  I d .  at 5 .  The Baca 
pro j ect wil l  impose those same leve l s  in an area of major re l i
gious importance . It is readily apparent that the se leve ls will 
be equal ly or even more di srupt ive to the Pueblo Indians than 
they are to ordinary suburban ite s . 
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The second potent ial in fr ingement discussed in the supple
menta l  mater ial s is  the de struct ion of sacred object s .  Th is 
entire sect ion operate s on the premise that sacred ob j ects are 
fungible . It f inds that any collection are a s  displaced by the 
pro j ect c an be amply replaced by areas out s ide the pro ject area 
and there fore conc lude s that the pro ject wil l have "minimal ad
ver se impact 11 on sacred ob j ec t s  ( § 4  . 1 .  7 ,  i 7 ) . As we have demon
strated e ar l ier , this analysis is fundamentally wrong . Sacred 
ob j ec t s gain the ir power in large me asure from the kind of p l ace 
where they are gathered . Any de struct ion of a co llect ion area 
there fore c au se s  irreparable and irreve r s ible harm to sacred 
ob j ect s .  

The third type o f  in fr ingement is invasion of pr ivacy . 
The supplement eva luate s the l ike l ihood of such disturbance s  for 
two areas -- the pro j ect area it se l f  and Re dondo Peak . For the 
f ir st area , the supplement is inconc lusive , because DOE ha s 
been unable to a scerta in whether any ceremon ie s are pract iced 
within the pro j ect area . We can state emphat ically that the 
Santa C lara Pueblo doe s  ob serve re l ig ious ceremon ie s within the 
pro j ect area . DOE has been unaware of the se ceremon ie s because 
the Pueblo re l igious soc iet ie s come to that area and pray in 
secrecy in order to pre serve the power of the ir re l igious cere
monie s . The Pueblo s have had to be part icular ly secret ive because 
of  the inc reased pre sence and act ivity o f  non-Indian s in that 
are a  who are assoc iated with pre l iminary d r i l l ing activitie s .  
Thi s need to conduct except ion a l ly furt ive ce remonie s i s  an in
fr ingement of re l igion . 

For the Redondo Peak are a , the supp lement f inds l e s s  chance 
for unauthor i zed viewing of re l igious ceremon ies , becau se pro j ect 
per sonne l would have no re a son to leave t h e  pro j e c t  area to v i s i t  
the Peak and bec ause n the stra,t.eg ic l ocat ion o f  '!:,hR l:-l'c> ject a t  
the base o f  the moun t a in may he lp to d i scouX'age tre spa :s se r s "m c.  
c ur io sity- seekers from try in g  to reach the summi t "  ( § 4 . L '7 ,  '! 1 0 ) . 
We are at a lo s s  to under stan d  this l ? st statement . The in cre,;:. se d  
act ivity in t h e  a.rea an d the TH-'! W  acce � s  road t o  t hE' p l an t wil l 
bring more people t o  thE: are<'l . The pla.1'1t operator s crnno'i:. 
dire ctly control acce ss to the s.nmrnit I becau s e  it i s  outs idE the 
pro j 9c t area . Con sequent ly , t:he pre senl�.:e of tJ�c plc-,nt \,Jil l 
encourage , not d i E�courage , IlC C 8 S S  to tn� !lE . .arby ,are.a . 

The fourth sect ion d i scusses potent ial :i..nt�rfeI'ence from 
t ran smi s �;ion l ine s . It state s that: li t he two a :  tE! rnat :.ve t ran s-
mis s ion route s wil l avo id a l l  kno'WTl ::::-e l igicu,$ Fites" : � 4 . 1 . 7 ,  i 3 ) , 
Th i s  statement is incon s i stent witt. i;'.l!i <':i'a;;. l ie:: gel=t ion o f  ths 
supplement wh icr.! repol. t s  t hc.t rel iable nJ")l� ''' T.nd:�a n SO l,::.:r Ge S have 



Marty Rogowsky 
December 7 ,  1 9 7 9  
Page S ix 

J- 1 5  

ident if ied two sacred site s within Baca Locat ion wh ich are 
· within view o f  an alternative tran smis s ion qorridor" ( § 4 . l . 7 , 
! 3 ) . The se s ites would therefore be directly threatened by 
the v isib i l ity of tran smi s s ion l ine s .  Th is specific impact 
must be added to the general conc lusion that the sacred nature 
of the entire Baca location is undermined by the vi sible in
tru s ion from man-made structure s .  

The next section of the impact analy sis is partic ularly 
L�portant because contamination or lo ss o f  water i s  a vital 
concern o f  the Pueblo . The supplement correct ly empha s i z e s  
that water ha s " preeminent importance ll in Pueblo religion 
( § 3 . l . l 0 . 4 ,  i 2 )  and that it is a l so " an e s sent ial corner stone 

of the Indian way of l ife "  ( § 3 . l . l 0 . l ,  i 3 ) . However ,  it under
e stimates the impact of the pro j ect on water use s by the Pueblo . 

The sect ion in it ia l ly assume s that sur face water reduction s 
due to geothermal f luid extract ion will be quite sma l l . In our 
November 9 ,  1 9 7 9 , lette r , we tran smitted a hydrological analy s i s  
by a Bureau o f  Indian Affair s  (BlA) employee whic h ser iously 
que st ion s that as sumpt ion . That report found that the pro j ect 
was l ike ly to have much greater hydro logic a l  impacts , in the form 
of decreased geotherma l addit ions to , and increased surface leak
age from , surrounding stre ams , inc luding S anta Clara Creek . 
Later in Nove��er , we sent DOE an even more recent hydro logical 
analy s i s , which wa s performed by Geo log ic al Service s o f  Tul sa 
(GST )  for the Santa C lara Pueblo (Attachment G ) . The GST study 

conf irms the re sults of the BIA study , again f inding that the 
pro ject wil l have " very sign if icant impacts on sur face wate r "  
substan t ia l ly beyond the pro j ect area (p . 2 1 )  and that " the 
propo sed proj ect wil l  have an impact on tota l water quant ity 
many t ime s greater " than what DOE has acknowle dged (p . 2 3 ) . 
G iven the se studie s ,  the statement in the supplement that " the 
pro j ec t  should have no e f fect on the amo unt of water needed for 
re l igious purpo se s "  is not sc ient if ic a l ly supportable . 

The sect ion on water impact s next state s that the expected 
change s in water qual ity shoul d be minor and that tho se chan ge s  
shou l d  have l itt le o r  no e f fects on Indian lands ( § 4 . l . 7 , !16 ) . 
It states that the Bac a  plant will increase the turbidity of 
surface streams , and that there will be acc idental spi l l s  o f  
· short duration " ( ibid . ) .  It then provide s the weak reassurance 
that t here wi l l  be-no-" long-term" impact on rel ig ious practice s 
from such an acc ident ( ibid . ) . 
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Any reduct ions in water quant ity and qual ity would in
fringe on Indian c ulture and re l igion . The Pueblo Indians be
l ieve that any such reduction s di srupt the natural balance , 
thereby leading to negat ive impact s in the world at l arge . 
More spec ific a l ly , those reduc t ions may disrupt the Pueb lo 
agr iculture , which is an important part o f  the Pueblo re l i
gious sy stem . Thu s ,  underground displacement s appear to po se a 
threat to water qual ity and a s sociated rel igious value s . 

The supp lement ' s  a s se s sment o f  the imp act o f  the pro ject 
on sacred spr ings contains the same f l aws a s  doe s its general 
discussion o f  water impact s .  The se impact s are l ike ly to be 
greater than the supplement predict s ,  ba sed on the studie s we have 
c ited . In addition , the geothermal f luids which are rein jected 
wil l  be coo ler and more concentrated in disso lved so l ids than 
tho se whic h are withdrawn . DE IS , p .  4 - 2 1 . Therefore , the qual ity 
o f  t he water s  at surface spr ings wil l  a l so be affected . DEI S ,  
p .  4-22 . 

The se impact s will infr inge on Pueb lo religion . Accord
ing to Dr . E l l i s , the Pueblo Indians re gard a l l  spr ings in the 
Jeme z Mounta in region as sacred shr ine s .  See a l so Ty ler , supra , 
p .  1 8 2 . Tho se spr ings provide acc e s s  to spirits o f  the underworld 
and the waters from the se spr ings are be l ieved to have great 
curat ive value . Tho se waters are often carr ied to the Pueblo s 
in ceremonial j ugs for use in d if ferent rel igious ceremonies , 
such a s  tho se de signed to al leviate droughts . Therefore , the 
supplement ' s  statement that " [ t ] he re l igious impact from the de
ple ition or lo s s  o f  a sacred spr ing is unknown , "  should be re
placed with a conc lusion that ser ious re l igious in fr ingement will 
re sult from such impact s . 

The f inal impact discussed in the supplementary materials 
is potent ial interference with access to re l igious site s ( § 4 . l . 7 , 
� 2 0 ) . The materia l s  o f fer no a s surances of such acce ss , except 
the po s s ib i l ity of a negot iated arrangement with private land
owners and plant operators . Dr . E l l is ha s addre ssed this i s sue 
of acc ess in connection with l and c laims of the Tao s Pueblo ( E l l i s , 
supra ,  p .  106 , Attachment B )  : 

Water and other materials st ill must be 
brought from sacred spr ings for ceremonial 
use even if such spr ings now are in lands 
owned by non- Indian s ,  and the fact that the 
sacred l ake s and springs no longer belong to 
Tao s long has been not a mere theoret ic al 
thorn in the side of Tao s but almo st a trau
mat ic inj ury . 
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Con sequent ly , any increased dif ficulty in reaching sacred sites 
in the pro j ect area due to any additional property re striction s 
imposed by the plant operators wil l  a l so be infringement on Ind ian 
re l igious freedom . 

In its summary of the impacts section , the supplement con
c l ude s that the pro j ect wi l l  ca use some infringement on Pueblo 
re l igion , but that the full extent of that infringement is un
known ( § 4 . l . 7 ,  ! 2 1 ) . We have demonstrated above that infringement 
w i l l  occur in every one of the impact areas identi fied in the 
supplementa l materia l s  and that in many case s  those infringements 
go to the heart of the Pueblo re ligion because they di srupt 
sacred shrine s and e s sential water source s .  

The supplement a l so sugge sts that any damage to Pueblo 
rel igion ha s a lready been done by pre l iminary con struct ion acti
vitie s .  That sugge stion is blatently erroneous . The amount of 
noise , water impacts , and human activitie s in the area wi l l  increase 
greatly i f  the pro ject i s  approved . The Santa Clara Pueblo strongly 
bel ieve s that the re l igious significance of the area is one of 
continuing importance and wil l  be harmed far more i f  the pro j ect 
goes forward . 

Section 4 . 5  of  the supp lementa l mater ia l s  analyz e s  the 
impact s of future pro j ect expan sion on Pueblo rel igion . That 
sect i on make s it c lear that a 4 0 0  MW expan sion is tota l ly incom
patible with the ma intenance of Indian re l igious val ue s . The 
entire southwe st quadrant of the Baca Loc at ion "would assume a 
greater industria l  character II and " the overa l l  appearance of thi s 
part of the Jeme z Mountain s would be greatly changed " ( § 4 . 5 . 2 . 6 ) . 
We submit that dec i sion to go forward with the p�e sent 50 MW 
plant must be ba sed on an ana ly sis of the e f fects of full 4 0 0  MW 
deve lopment on Pueblo re l igion , because it i s  c lear that the pro
ject operators intend to only proceed with the proj ect on an a l l
or-nothing ba sis . 

In August 1 97 9 ,  Public Service Company o f  New Mexico (PNM) 
withdrew its state construction applicat ion for the plant , ex
plaining that it would not build a 50 MW plant unle ss New Mexico 
raised its hydrogen sul f ide emi ssions standards to permit greater 
geotherma l development . The Energy Daily , August 1 6 , 1 9 7 9 , p .  2 
(Attachment H) . In hi s testimony before the State ' s  Environmenta l 
Improvement Board , PNM ' s  vice pre sident made c lear his intention to 
build a 4 0 0  MW plant , stating that " r a j  standard that permits con
struc tion potent ial of up to 4 0 0  MW is e ssentia l * * * . " Te sti
mony of C . D .  Bedford , p. 4 (Attachment I ) . Furthermore , in its 
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c losing argument t o  the Board , PNM stated that " [ g ] eothermal 
deve lopment wi l l  not proceed on a un it by unit bas is due to 
the economic unknown s of attempting to change [ an air qual ity ] 
standard each t ime a new un it is attempted to be bu ilt . "  C lo sing 
Argument o f  Public Service Company o f  New Mex ico in Support o f  
Adoption o f  I t s  Propo se d Amendment o t  Air Oual ity Coontrol Regu
lat ion 2 0 1 ,  p .  12 (Attachment J ) . From the se statements , it i s  
c le ar that PNM only intends t o  proceed with the SO MW plant if it 
can c on struct a 4 0 0  MW deve lopment .  In these c ircumstnace s ,  
the dec ision to build a SO MW plant must be measured by the l ike ly 
e f fects of full - sc a le deve lopment on Pueblo re l igion . 

We now turn to the propo sed mit igation plan to protect 
P ueblo re l igious freedom . First , we note that a mitigation plan 
is not a part o f  the four- step proc e s s  which DOE propo sed in the 
Report to Congre ss on the Ame r ican Indian Rel ig ious Freedom Act . 
In that report , DOE recognized that be fore it proceeds with a 
propo sed act ion , it must do four things : ( 1 )  inve st igate to 
determine whether a re l ig ious s ite is af fected ; ( 2 )  if a s ite i s  
af fecte d ,  c on sult with Nat ive tradit ional re l igious leaders t o  
determine whether re l igious freedom would be in fringed ; ( 3 )  if 
an infr ingement is fo un d ,  prepare a lternate p l ans whic h avo id 
the infringement ; and ( 4 )  if avo idance is not fea s ible , we igh the 
impact on re l igious freedom aga in st the importance o f  the pro j ect . 
Report , pp . 2 7- 2 8 .  DOE ha s completed step s one and two , and has 
found that there wi l l  be an in fringement . However , it has not 
propo sed any alternate plan which wil l avo id the in fr ingement . 
In stead , it ha s prepare d  a mitigation p l an which will min imize 
the infr ingement . We as sume there fore that DOE ha s conc lude d 
that no comp lete ly protect ive alternative s within the Bac a Loca
t ion are ava ilable , and the be st that DOE can o f fe r  is a reduc 
t ion in the potent ial in fringement from a pro j ect in that region . 

This conc lusion sugge st s that DOE is now at step four , 
where it must we igh the impact on re l igious freedom again st the 
importance of the pro j ect . In order to c arry out a mean ing f ul 
balanc ing proc e s s ,  it is  appropriate for DOE to propo se a miti
gation plan which wil l a l low it to we igh the po st-plan infringement 
on re l igious freedom again st the value of the pro j ect . Unfor
tunate ly , however ,  the mitigat ion plan is who l ly inadequate to 
perform thi s funct ion . See S ll . 3 .  The plan is in fact not a 
plan at a l l . It i s  nothing more than a propo sal to deve lop a 
mit igation plan in the future , after consultation s and nego t ia
t ions between Indian leaders , DOE and the plant operators .  As 
such , it o ffer s  no spec ific measure s which wil l  be made part o f  
the dec isionmaking proce ss . 
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DOE mu st analyze spec i f ic mit igating mea sure s pur suant 
to NEPA . S ince the se are important alternative s ,  they must be 
analy zed in an environmental impact statement . After such ana
lys i s ,  a mitigation plan mu st be adopted .  Only then c an DOE 
dec ide whether the re sidual harms to rel igious freedom which re
main a fter tho se me a sure s are app l ied are outwe ighed by the 
importance of the pro ject . 

The nee d for thi s part icular i zed ana ly sis o f  mit igat ing 
measure s wa s recogn i zed in State of Alaska v .  Andrus , 58 0 F . 2 d 
4 6 5  (C . A . D . C .  1 9 7 8 ) . In that case , the State of Alaska an d 
other s  chal lenged a dec i s ion by the Secretary of the Inter ior 
to se l l  o i l  and gas lease s  L� the Outer Continenta l She l f  of the 
Gul f of Alaska . One o f  pl aint if f s '  arguments wa s that the Secre
tary had violated the Nat ional Environmental Pol icy Act by fa il
ing to prepare a deta iled evaluation of the environmental L�pact 
of the Unite d State s Geological Survey ' s  Operat ing Orders , which 
were de s igned to mit igate enVirOl'lInenta l harms re sulting from 
dr i l l ing operation s  on the leased tracts . 5 8 0  F . 2 d at 4 7 7 . 
P l a int i f f s  argued that the Secretary had merely de scr ibed tho se 
orders in the environmental impact statement and tre ated them a s  
a given , without eva luat ing the ir environmenta l impact . Ib id . 
The court o f  appea l s  agreed with the p l a int iff s that a fuller 
eval uat ion o f  the Orders wa s required . I d .  at 4 7 8 . It charac
teri zed tho se Orders a s  a " central mechan i smn by which the Secre
tary c arried out his duty to minimize the adverse environmental 
impact s  of the lea se sa le . Ibid . The court of appe a l s  conclude d 
that ( id .  at 4 7 9 ) ; 

When forthcoming operat ing orde r s  are ex
pre ssly viewe d by the Secretary as part of 
the ba s ic premise for the kind o f  con s idera
t ion of adve rse environmental impact that i s  
mandated by NEPA , then the completion of the 
undertaking -- i s suance o f  protective operat ing 
orders - - must be conducted with full considera
t ion o f  env ironmental con sequence s and alter
native s . 

We submit that the pr inc iples e stab l ihsed in State of Al aska 
V Q  Andrus apply with ful l force here . DOE has done nothing more 
than l ist a set of po s s ible mit igation measure s  which wil l  be 
app l ied to reduce the pro j ected impact on Pueblo rel igious value s . 
Tho se measure s are clearly intended to be a "central mecha..Tl i sm" 
and " basic premise " by which the adverse re l igious impact s of the 
pro ject wil l  be min imized . In tho se c ircumstance s ,  DOE has a 
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duty to evaluate fully the mitigation plan and to determine 
what the impact s wil l  be on Indian rel igious practice s and the 
environment de spite this plan . 

Fina l ly , assuming that this analy sis i s  carried out , it 
is very un l ike ly that the re s idual rel igious infringements wil l  
be acceptable . Unl ike environmental harms , infringements of 
re l igious princ iple s are rare ly susceptible to compromise . S ince 
alternative site s are available out s ide the Jeme z Mountain s  and 
be cause the DE IS admit s that the pre sent site has more environ
mental con f l ic t s  than any other site (p . 1 0 -6 ) , it is c lear that 
alternat ive s which do not in fringe on Indian re l igious practice s 
do exist . We therefore be l ieve that , if the Department fo l lows 
it s own procedure s un der the American Indian Rel igious Freedom 
Ac t ,  this pro j ect must be re j ecte d .  

Up to this point , our c omment� have been concerned with 
the content o f  the supplemental material s .  However , the supp le
ment is al so inadequate because the procedure s which were fo l lowed 
are al so inadequate . 

The supplemental materials were not re leased as part of a 
new draft environmental impact statement . In our September 7 ,  
1 9 7 9 , comments on the original DE IS , we explained in detail why 
it i s  e s sent ial that new material s omitted from the DE IS be 
is sued in this form (pp . 1 1 - 12 ) . A new draft EIS en sure s that all 
government agenc ie s and pr ivate groups and persons wil l have an 
opportunity to appraise and comment critically on the new materia ls . 
In the p re sent case , the supp lementa l  material s have only been 
c irculated to the Pueblo tribe s . Thi s  l imited distr ibut ion does 
not sat isfy NEPA requirement s .  For example , the se material s  should 
have been ava ilable to the members of the Interagency Task Force 
on Indian Rel igious Freedom , which prepared the detailed report 
to Congre ss which out l ines the pol ic ie s  and procedure s to be 
fol lowed by the various Federal agenc ie s to protect and pre serve 
Indian re l igious r ight s and pract ice s .  The views of the se expert 
agenc ie s  might have been e spec ially help ful in sugge st ing alter
native s or modification s to the pro ject . 

CONCLUS ION 

We there fore reque st a draft Environmental Impact State
ment or Supplement be prepared adequate ly analy z ing the e f fects 
o f  the pro j ect on the Indian re l igion , culture , and environment . 
Such a statement should remedy the extreme ly ser ious de f ic ienc ie s 
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which we have de scr ibed above and in an e ar l ier submi s s ion to 
DOE . We further reque st that DOE prepare a detailed mit igation 
plan and that this mit igat ion plan and alternat ive s to it be 
analy zed in a draft Environmental Impact Statement or Supplement . 

If  this is  not done , based on the pre sent record , we submit 
that DOE mu st refuse approval o f  the pro j ect . 

Respect fully submitted , 

�?Yl.� 
BRUCE J .  TERRIS 
JAMES M. HECKER 

Attorney s for Santa C l ara Pueblo 
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Dec. 2, 1979 

Mr • .Tim Hecker 
Bruce .T .  Cherri s  Law Firm 

D ear Mr. Hecker, 

Unfor tunately I could do nothing about getting thi s  into the mai l for 
you via expres s  tomorrQW (through Alb. office ) because ne i ther of us though t 
about my not having your addres s  other than name of your f i rm ,  and I could not 
reach the Santa Clara governor on Sat� or Sun. So thi s may be of l i ttle use to 
you other than as a reference for what I told you over the phone. I have not 
h e ard anything from Santa Clara yet re the meeting on Thur s .  of wh ich I tol d 
you but I will cal l the Pueblo tomorrow8 

We started wi th the church concep t in our 'telephone conversation .. The 
best statement , I thi nk , is that of the shrines being l ike al tars (of wh ich 
there sometimes are several ) in a big ca thol ic church , and nature provides the 
church i tself in such a spot as the top of Redondo Peak. I t  i s  not just the 
fa irly ��l l  m&jor shr ine i tself wh� ch i a  sacred but the area around i t  al so , 
" the church" 1n wh ich one worships. There i 8  one general shrine at the top of 
t.he peak shared by all 6 Pueblo s  and qui te po uibly more . But there also are 
shrine s belonging to ind i¥1dual pueblo s in th i s  area, We do not yet have any 
of the ir locations ; whether they wi l l  be given to any of us i s  a question ; it 
is hard for a Pueblo to bring i t eelf to be specific about such things but under 
the dures s  wh i ch is going to �m9ue in th i s  matter , unques tionab l y ,  as soon a s  
ful l real i zation of the dread s i tuation takes place , I th ink ouch revelation 
l ikely o But no Pueblo per son cou ld do it without the ful l backi ng of the �rabal 
g overnm�nt which , in turn j could not do that wi thou� permi s sion of the rel i g ious 
�ni t s  and personages primarfly concerned. 

I am reminded � in the:!.:' concept of altars and church , of the Hnes from 
our poem 

The grove. were God ' s  f irat temples-
Ere men 'learned to h� the beam and lay the archi trave

or Br-vant: Perhap s Word8Worth � nei t.her my husband nor I can pl aee 1 t at the Dloment .. But the 
Peeblo concep t 1s thus .  

Th e  Pueblos lay their religion i s  the one las t thing which they retain. 
They do not share it wi th outs iders and think that reveal ing its secrets take s 
the ir value out of theme They f i nal ly took over Catholic i sm but changed i t  
appreciably and managed to eee paral l e l s  i n  a great deal o f  i t  and their own 
o l d  rel ig ion ,  80 that now they consider the two are one. Prote 8tanti � i s  
another mattere In Cathol ic i sm  and the Pueblo rel ig 10n you f ind God (Father Sun) , 
Mary the mother (Mo ther Ear th ) i saints ( the major kachinas or op irits wi th 
ind ividual characteri s tics ) ,  angel s ( spirits of the dead who become genera l i zed 
kachinas , water Dpi rits ) ,  and there al so i s  paral lel i sm  in importance of the 
ahel l in the two rel igions , importance of the cros s ,  and various other thing s .  
Katc inas and s ome  other sp irits 8uch a s  tho se o f  the directions l ive on high 
mountain top s. Their rel igion i 8  basic to Pueblo l iving ; it pervades l i f e even 
i f  eorne of the detai l s  are not as strong as ' ln the past. 

The Indians 8trop�ly bel i eve in the balance of nature. Removing such 
balance brings automati c repr isal s from nature . Dri l l ing up sets that balance. 
Tn! s  i s  a mo s t  important concept. 

I tems taken fron :rec\{Jc areps for reli§!ou s use must _ d  _ . ..  p· a  _ LCZf.!Il come from those 

Att.achnent A 
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areas because their power does not l ie only in themselves per 8e but has to 
do with where they come from. The concept of 8acred water or clay having power 
to cure or otherwise aid an individual or group paral lel s that held in ��xico 
and in parts of Europe where wat9r or soil from shrines ,  or even rosaries or 
p icture8 or other l i ttle items purchased at a shrine , carry power to al leviate 
ailments , sive strength, protect one , etc. Plain soi l  or water from just anywhere 
does not have any such power. The shrine which these thing8 come from i s  where 
the V rain Marf or Christ or a saint appeared or spoke or did something which 
sives that spot epecial meaning and provides it with power for those who bel ieve. 
And it is well known that eome so-cal led miraculous �ures ,  etc. have taken place , 

� psychological cures , obviously , but atill real . The Pueblos use vater from 
.pecif ic sacred water sources for various ceremonies for which they prepare a 
"floor .1 tar" . consisting of .. cred objects set. Ot\t upon something of a sand 
pain-ting (simpler than those sa,nc! paintings of the Navajo )  on the floor of a 
ceremonial room , and the herbs and minerals ,  �te, in many cases must have been 
collected from specific spots , though herbs used in the household cures , t.hosl:: 
of herbali 8ts , may be merely plucked here or there. That sort of curing i 8  non
religious , but the rel igious cures and the other ceremonial affairs depend on 
i tems which take their ''Power'' f rom the areas whi ch they specif ically must come 
from. 

This covers the general ized religious picture. There are different types 
of ceremonies for different important purposes , and they are carri ed on by 
different religious societies. Each society i s  supposed to go into retreat to 
do its ceremony for that season 4 times per year. This keeps nature functioning 
correctly : man does hi s part and then nature does i ts part. If man 1. remt ss, so 
i s  nature . In heblo �ought , then , when something goes wrong , it is ipso facto 
certain that some indivi dual or some group 8uch as a rel igious society haa done 
something wrong or has'faUed to do what it 1 s  supposed to have done. Such a 
responsibil i ty to carry l When something goe8 wrong , ,individual s f ir8t examine 
their consc iences and then quickly begin to wonder if the i r  neighbors or someone 
who i s  a deviant in the Pueblo has been responsible for the damage. Even tn.e 
idea of witchcraft has not di sappeared among the older Pueblo people. 

Pueblo shrines never can be moved, even as our shr ines can nut be moved 
because they are at � signif icant for some important reason. The Pueblo 
people th�.elve. know that when to'ley place offerings on some shr10ea dose tc 
roads , etc . , whites DI.ay steal those offerlngs • .!. t  hal'> hal'pened enougb times ao 
that the Pueblo8 have real reason to keep location of 8hrin�� a secret. And UofiY 
keep their visits to 8hrin�8 a .ecret co that they will not be watched and the 
datee of reUg. matters not known. It 1& the pueblos of New Hex. other than 
Zuni ifh ich have (;t!l tivated tleerf1CY eve::: sil"ce the Sp&niards 33.ve the:n 80 mu�h 
troubl e in dlf. 1 7t1t &lrld 18t.'!: �enturies ... we vhf. �e$ .t·� perm:\:. t.t;.J:.j to ae� the ,;1it1'aT!O�!:;'>:<'f 
they l.;4ve en 8&int'> daY!lI :, ��elf:braUng for a CathoLic saint, �cause we "h •. re t.lle:;.:,,:, 
beir.g Chrhtian. But va mltY r�t see th� eere.ooonha gi're',a fOl: their 0IIm �ld re.l igion 
�nd .. re not lIupposed to know that they are e.eleh·tstit'l..g fer n.!J1;ivE 8plri ts eVl1r.r. i.t 
the aame t.ime thf!Y do fH) fot' B. cathol b; .a1nt. They y;mt. &lome Q-f t.h� saints int.o. 
their pantl�eon when tJU!y took on IathoU citm .  �t:'P�(":i�ll.y . of cour��t the peU'on 
�aint �;i ven lu.ch vil lage by t.nC' old :"'pani.h pri�tti'l .. lhey me.ke pt'ayE'x ofieri.ngs 
fel.' tiu�:r own epirlt;5 anrt also f�r the �a� nt ) �.rki.:!� his pra.)'ti:l" !l!I tiek wi th a crc, ': t 
'to 1dent:tfy 1 t. Nice gesture I 

I'h� problem cf e<.�� unninat'i. cm. f)f waur i s  feered for Santa Clara Cr", trhich 
heads 1� a �rlng r:f.ght at the �dge or 1'11t . .') the Baea )'..cl.caUon. XU Wl. l.".er i s  
III bns i c  neces s i ty for th e  camping-f i 8h1 ng uad� i n, l-..eauti.ful r:l&nttl Chra Ce"YO!'l , 
IU; well Lt. 9  to the 18 0.1' ItO flll"DU' tA.lon.'" i z. a."\d the :10 ;!'amHeo (S"anhh Amer i�Ufl(,l 
and Inularu:) l1vi � at. GUAchapange on ' ,;;.he edge. of !?sn't.a Cl&ra 'Who �.rr igate f rom it .. 
Sant51 Cl ili:'!t takes hr. tiH':I!);;! titlt18 under $100" O�C ptl: :'el\:c fiDom t�e ';tmU C2al�J1l CenY';)l"j 
And Puye cliff �()ut'jf:. 31 t.2 ti"ade ; i t  1$ t.':teh.' ma1.n i�e oaomie aa set &5 1Ii'. tum (r.e, 1:. 
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money to individual s but the publ ic moneys by which the pueblo runs). But the 
farming i s  another matter and at present they have been planning a reservoir to 
manage more water for gardens in the new hous'ng development. What would 
contamination of th i s  water , do ?  Ri ll f i sh? De stroy or slow plant growth ? Aside 
from such possibil i tie s ,  the general idea of contamination of water, which they 
always have recogni zed as of ultimate importance .in our dry Southwest. i s  thought 
sinful , if I may use that word . 

, There also i s  the entiDely unsolved water rights problem, spoken of as the 
Amodt ease , which all the Pueblo � have worried about. I t  i s  thought by some of the 
wi ser persons in the Southwest that 25 or 50 yrs. from now , the water rights will 
be one of the most iaportant ass e�s in the countrys ide , because we are running 
ever shorter on water as population increase s .  As I told you, I have been working 
on an Amodt case for 4 of the Tewa- speaking Pueblo s ,  but none of the other Pueblos 
have had th eir problem taken up at all ye t. And there al so are all the other non
Pueblo tribes c lamor ing to have their r ights seen to. Some Pueblos have already 
been obj ectin3 to the spread of Albuquerque because"�heirrr water is being depleted 
when more people move in , water lawns , e tc. Redondo P eak is at the top of the 
watershed f or the 6 pueblos I mentioned the other day and ! think also for Santa 
Domingo. 

And then there is the matter of cutting out tree s and building up house s ,  
destroying natural beauty which these Ind ians 80 revere and increasing the number 
of people working or l iving around the ir maj or shrine area. De.fuation of the 
shrine i s  sure to resul t ;  could you imagine anyth ing else? And who would want to 
go up there to pray wi th noi se and probably s tench and certainly people around ? 
Praying and contemp lation are mo s t  important for the good of the Pueblo and 
Pueblo rel i gion i s  intended for the good of the world , even if kept secret in 
its performance. 

A,� 'VV-+-<t 
�7� 
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26) . Tbl laat hiC bunt 11 said to ban takes phea 111 1881t we tbo Tao. 

Kan vent into th. pan!Wldl' Gt TUd and found buftalo cruinc n\h eattl,1 

Th bat bll1 anhlopo !lllDt e.,,' t." 1tlaH 1aUr .meft a 1arc. -"'"P nr. 
Aa::1.�:; 1 :;J,e iIII/.J"J'OO1Jed lB th, . neu 'tres Ptedr.., and lAIv.,. iJ'roro 

lloado. (Orant. 1925' B4-S) . 1'.an1 beare are ah?t tor Iteat (PareoMI 19261 

20) \ '" bur lu&nt 111 ller",o Valle,. and be,.ond to the .ut U dumbed liT 

Orant for the lot. 1800' •• L"1d another tah .pull, of a bur lnant in the 

111.0 !)rande eountrr (Grant. 19251 '17, 98). TllrII."' ''''' Ihot tor food IJId 

'0 that the feather. m1�ht b6 used rttua11T. ( Par,or� , 19261 2)) . 

8a8ket.e vere r.ade &I late 88 1926 b,. an old vor� L� tn a folktale 

ve learn that .Mots "f the 5quavberr1 bUsh vue "sed for thl. era!t at 

Taos, as 1n tne other pu�blos . ( Pareons , 1,261 24). Potter,. conttnue' 

to bo Qde toda,., thou�h o�ly tn ,...al1 &".o.:nU. 

R_ /.,ju", -
Decau.e or the tnteros. and cu�.t.tent "o,," erY.tt� of the Tao. peopl •• 

1ittl. 1. knOwn of the1r cerer�nt�t.r.. aefor. the 1010tt" •• the sun t, 
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watcbed at .1I".et to .ee ""a'e it .. t. "or Tre. Ore".. Peak. th1. daUn, 
.,.t. 11 twlltental to lc"P1n1 the certlll'.onial and plant1n, ealendar 

aeCNJ'ate. Tbe .0laUee. are perlod. tor re11ctOli' obaaryann 111 aU the 
pu eblo.. Tbe t_lI. trek to Blue Lalce 11 .eheduled tor tile lut .. ek 111 
AI: 'lilt. All adult. at tbi. U.e ,0 b7 bor.e or toot to tu 8l1a. We 

. q .  

ar ... tur. are ottv1llC' ot pr&1ar-teaUlIil" and pollen. CutaiA 1n1t1.atu 
alt batll. cwc.onlallT 111 Ule lake. novar. end .and an \ek. baek to 

th. paeblo. At nl,bt Uler. i. a roand dance and;:.thlll'�dult1lIe .... oa 

111 til. d&7t1:le 111 th CII:7Oft. fie mae Lab earc.onlal 1. aot mt1relT 

OO!Ie1'1ded WltU OI:to!ler :2 or ,. 111 ,.eral it 1I1,IIt be eald to be lIIYOhed 
nth the �teu. - ra1D • tvtU1t, eult c_a to aU the pu8blo.. 50q 

.1 th. ,eun, people •• t ucellll Tao. peaJr tor a ftllJ'l.u 1'1tual. %II tbe 

r,»r1IIl. _ •• 01 til. lI:1"a .ochti .. oondIae\ a apI'1nc ee!'� la wtIlell 

140 tIIq .. 1Dto tile _t&1ll. to apend th. n1,lIt and aut I:II1'II1nc I"1tual17 

bath. 111 t!l. cr .. k . ... 11 tIIelJo 11111'. end lIIe tim . ..  adAUt10nal purUi-

.. Uon .. ta'lal.. Ottl .... 01 til. croup' .. lIIto the b1ll.. to IPend tile 

n1c11t and bat.b. and ... b t!I.1Jo hair 111 the am_ nut 1IIOmlne. betore 

.... ,oral.a& a ritllal. fier. are othe!' rt.lt1 to tile �ta1M and to til. 

"'1'10111 .. cred lale.,. .. h1llted 1n Ulo data obtdned b, tho e�aclker. tor 

the pr .... t land elalB. but dotaU 11 lae�. 

A race to� the SoJn and the I:ocm . 1n ordor to �vo tht!': ponr to tra,..l , 

11 hdd 1'81', .arl,. 1n the ltOrn1nZ 011 certain occ.lion.. rill. 1. a rel., 

rae. 111 ""le.:' tho ramera are lald to run tr()l!f\ the PIIe"lo, II� tte can)'on, 

L'It! 0'1'.1' t�. r.oJntlln to tl:. r.ound ".arId"1I tho eId or t!:. tr.ck. ten 01' 

tlth.rl r.Ue. diHant , '1 1ndic�t«! on our r..p. TII"r. 1. on. EOIInh1n .1Ir1ne 

rererred to .., "�!:ere t!l • •  ton. ".e" are· . ""er. otrerin!:. ar. ",ado !l1 aU 

of (It. • 

• 1 (I • 

.ocleties 1n connection vlth the races and butfalo and d .... dance •• 

( Par'DIl •• 1926. 104) . Tiler .. are al.o r.aI\T eauad 8prln,;. Ic.ttered 0'1" 1'  
tile rao, area . ..  de.cr1bed In the dati chen by tho Tae. eouncU. All 
.pr1nc' are IlIOn or leu 1IIv01,..d vlth Icatc1lla concept 111 pueblo thouCht. 

TIle btclDa are thOll,�t ot u tho .upernatural. trl:m r._ all ,ood th1n�. 

_. (a ,eneral tartUlty concept) . and. alt!lourh they ar. aot u;or .. ented 

la cl.aaees at rao • •  tho,. are UDerated deeply. Id ... loa CODcern1nC the 

IIUad lU:e. ot raol un,le the concepti ot tho or1r1n&1 .,rCClCe ot tt. 

Tao. lIDeo.ton, tlle katoln.a. and Plrl.t1c.aUon: th..,e ldeu are b.lt EOre 

attenuated 111 re1aUon to the ot!ler u�ed 10CIIUor.s in.,ohlnC vater. 
Vata' and othar ... terl.all Itill aa.t be brour;!lt trOt!l •• cred .�rln,s tor 

oer.onlal a .. OYC l.t filch Ipr1nCl DI>V are 111 land. ow:ed by IIOn-Indlans , 

and the taot that th. IIcred la\(e, L-.d 'pr1ll" eo lo"cer belon, to rao, 

1011, h .. besn IIOt a "ere theoretical thom 111 the .. cle.ot r.o, bat ahD,t 

a traumatic injury. 
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Attachnent C 



referE'nces in t heir �on�!! to 
Stunt' I .akl' 1111 t f lda,\" !" ,' i l';! l' i l l  .. "p:tell(' l't'st'I'\'at icm,  l l l1c1 1 0  �ClII1C' 

lOhri nc'l'I n round 1 �'lrJ{o C;! n�'(ln in RIo Arribn County, The aI't'll is 
ont> from which t hE.' To\\'n� m igmh·d to the prC!lt " I t  Jeme1. country. 
i l l  the tenth or tolt'\'('n t h  e(>nt u r�' A,D, Other reference" madto in 
l'IlIngs of lhe societ ito!l o re to the Sie rra Bla nca area neal' thE.' Mes
cnlcro Apachto rtos(>J"\'{tt ion in Otero County, Jt'mez legends sny 
thllt th(' Arrow Society wa� e\'icted from the main Jt'me7. group. 
and the mt'mbe'rs journe'yed toward the southwest until t l1('Y set
tl(>d with thto Ta mpiros who J i ved in the art"R at that time, Somt' of 
the' 1't,ft"I'ence5 in t h(' sonl[s are entirely foreign in the Towa diulect, 
!III thl' dt·it it'iI deseri bed m ay be Tampiro words and songs, The 
Arrow Societ�' t'\'t'ntual J�' returned to the Jemez country and es
tuhli�hed n \' i l lag(' on the ridge, east of today's Ponder(l�n, hcfol'(> 
they wert> wl'lcomed back i nto t he com m u nity of severnl Jemez 
\' i l lnJ!e� in t he mounta i ns nort h of Jemez Pueblo, 

Areail li lonJ! thE.> :\Iogollon Him of the New Mexico-Arizonn hor
dcr ('"ntain m any rui n ..:  of former Pueblo Ind ian sites, Many of 
these "ites and the h ighE.>r mountain rnngt"!1 have Zuni nnmt'S, and 
it i,. with these Zuni n amt>s that other Pueblos refer to the oren, In 
many i n!ltances, PUl'hlo people make songs for their dnn('efl and 
reft'r to the a reas t hnt ha\'e gone into non-Indian ownersh ip mnny 
lon� yt'aJ'!, ago, 

Religion 

22 

The Pueblos ha\'e no word that tran81nteM 8S "religion," The 
knowledge of a spiritual l ife is part of the person twenty-foul' hours 
a day, every day of the year, In describi ng the bel ier.� nnd pracLices 
of today, the tradition n l  rel igion m ay also be underNtood, There is 
l ittle bnsic chnng!'!; The tradition of rel igiou8 belief permentes 
every al'lpect of the people's l ife; it determi nes man's rel ntion with 
the natural world and with his fellow man, Its basic concern is 
continuity of a harmonious relntionship with the world in which 
man J i ve8. To ma i ntain !';uch a relationship between the pl'oplc und 
the "pi ritual world, vnrious societies exi!lt, w ith pnrticulm' I'l'sl)on
sibilities for weather, fel't i J ity, curing, hunti ng, nnd pl(>nslIrc or 
entertn i nment of the penple, Even today, most Puehlo I)('oplc 1'1.'-
10nK to a I'(!ligious society, nnd hove l in im portn"t pl:Wt' in t hc '  

Pueblo, with t i me I'C't nside on the Puehlo calendar "f l't' l i �i"us 
events, The cah:ndar is Sf, fu ll  thnt there is no timt' leit lor any nc'w 
or innovative rel i gious practices as i� sometimc!! rlO!!�ihll' wit h 

non-Puehltl Indi nn!l who ncc('pt. 11" ont' ('xampl(" t ill' l\'y,l! t. \\'�" 
�'aI1Y I l'i ht'� I hat l'spUU!!l' IWW 1'l' l i�iCl"� tI1:lt m't' a c'l1l11hinat iol1 ur 
t he old w i t h  tht' new helil'ftl. l:tllfTel't.'d mnny dcfl·.1t�,  h .. d I,)"t I lwil' 
land to whitt' in vlld(>I's. n nd lost It gl'l':1t l'lUi Ill' t lwi .. cu l t "" " U:ol 
\\'('1 1 .  Cert n i n ly they could not remo\'E.' their tlncl't,d n rt ifal't:4 nOl' 
t heir rel i �ious �hrine!' at the point of a bayon�t. Th ll� t h('�' had to 

re\'h'(' their l'el i�ion i n  a new homelnnd, 
But t he Pueblos are �till l iving toda�' upon thl' �ite:ol wht'I"l' t ht.' 

Spnn ia .. d� found them in the 1 6th c('ntur�', T h i �  i �  t he principal 
reason for th(>i I' rel i�ion being prul'lical l," i ntnet . Tht" pc'opl(· touk 

t heir rel i � ion underground oround 1692. duc til hnl'(l��nlt'nt by 
t hc Spaniards in theil' nttcmpt to sub�litute a nothl'I' rel i gion fOl' 
thE" nath'e one, Th is fear sti l l  pel'!listl;. nnd i t  J!t?neral ly esplnin� 
why n non-Indinn il'l not pt'rmittt'd 1 0  oh,:t'I'\'(' n n: l i g ioll,o c('n" 
monial da nce in the Pu('bJu�. Itnt.! why no coment!" 0\' �kl·t t'h

ing are al lowed , 
The rel i gious pmctices th('m!l('h'es, muintairll,d h�' the Pu{'hlo� 

today, nrc the same I hcy h:tve c:lrt'it·d on �i nct" their  nm'l':;!or,: l i nd 
in pit hou�es, The omtories, pl'aycrs ancl song'� nl'e the' !'ame, Tht"�(, 
ob�ervanel's A re not l'lpontanrous outpuuri ngs, 01' outbul'st� I)f t he 
troubled ht':1l,t.  hut nrc cm'efully mcmOl'i;wd prnyC'rfu l request!': for 
an orderly l i fe, m i n ,  good crops, plt'ntiful w! me. pl('a;;ant da�',:, and 
pl'oted ion from the violence lint.! t ht· vidssitudl'� of nnt ure, To c.... 
appease 01' plt'dge t heir  fa ith to Gncl , tl\(')' oftlm \\'('nl  on sRcri ficinl  :., 
retreats, oRen doing without food nnd wut!.'r as penance or e1t'ans- � 

i ng of body and soul for the benefit of man throughout thl' world, 
In the domi nllnt society of America, rel igion il'l largely an ex

clusive IJl'operty, Usual ly n certo i n  set of ixoliefs nnd ritunljo; j" 
identi fied, w .. i tten into socred book!! nnd rel ig ious mnnunls, nnd 
maintained by n certnin sect. It iM pl'e�umt·d to hC' the one and only 
true, if nflt the firl;t, religion, Belonging to di fT(.'f(m t  rel i gions or 
sects s imultnneously is discouraged, but proselyt i7. ing is a vi rtue, 
Contradictions such as theRl! lead one to suspect thr. pnrticu lur 
hel it!f system ,  Pueblo reli�ion doe!'! not rro�t"lyt i7.f" I t  i;;  not w .  
t e n ,  b u t  is emdll'i ne.:c.1 i n  Lhc heu l'L ofthl' ind i vidunl . Alt hough ml; 
Puehlo people h:l\'e been ,nomi nnlly Cntholic for mfll'«! than three 
h u ndred ye.::trs, tht, n:tt lv(' rd iJ.�ion is the hn!'!i!l flf t ht·ir sy�tem of 
hel ief, The two systemH m'e nm i n l n i ned hy II pnlce�s wh ich Puehlo 
schula I' 1\ I fn lls" O" t i1. once deserihc'cI 11K .. ('" mp:, ,'t m" n'  nl i7at inn," 
Eat'h of t l 1f' I WI )  1'( ' I i �I()ml nft! m ut ual lv  disti nct �IIcirJ-Cf!r"lnnn illl , 
systemf;; each l'cmtnin!! pnt.k>ms or WilY!! or \\,ltr!;hi ppin�� 1111t pn�"-
«!nt in the.: utlll' l', Of the two NYl'ltt'm!! of rcli�i()n, one is t he nath'(' fir 
i ndi�t'nflll�, 1 111' lit Iwr iM t.he Span i�h- in tmduc(·d Human Cut hol ic, 
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1';ll'/lll'llls o[' Ca t holir rituals that have hl'cn al'l'l'pt('d a)'(�: WOI'
"hip (In !"tl lld;lYS anrl l·t· ... eh· i n l!'  the val'iou!' sacl·mm'n t s. confirma· t in ! ' ,  hapt i"/II , wedd i n!!';: and the native ,.;ocial dnncl's ofth(' Sai nt;;' 
lln,\'s. , 'hri"tmas and Ea,.:t('r, Th('se rituals m-p. now accepted a� 
t radit ional PUl'bln "oc i a l  a nd c u l t u ml pntlel·nl'. In  Ih(' pnd. n i l  fJl'oplt' t h roughout t h l'  world 10(lk to one personification. t hough 
t he." nHl�' add res" Him I I I  d i lferl'nt ways, As a \\Ti ter frolll a nothel' 
('ont i nent !'a id.  " AI I  pat hs lead to the same' su mmit,"  

Sonl!' oh,,('1'\'(')'s h a n'  ,.:aid t hat t he Puehlo,.; "da nc£' a l l  the ."('al· 
)'ou I Ill . " This llIUY be t ru£,.  and more so was t h i;: t lw ca,:e i n  the pa!' 1 .  
,: i nce t ht'i r  cerelnon i n l  calendar covers t h e  wholl' yellr, Throuf!h 
d:l1lc i n J{  li nd �un g Olll' can rea l i z(' a sense of rebi l·t h lind rej U \'ena
I ion The ;!1'l'at ,: u m mt' r  corn dances of the Pueblos ha\'(� cau!'ed 
lIla ny non - I n d i a n ;;  to rr:ojoice o\'er thl' wonderful fl'l'l i nJ{ of spi r itual  
n,h i l,t h  t l\ ('�' ha\'e e x peri('nced. 

Th(· PtH,bl(l!, bc l ie\'(' that the Great One is omni-pl'e�cnt.  They 
a.-k for pe l'm i":!'iun to u St' the physical form of a n  an imal  before i t  i� 
k i l l l ,d,  The,\' hel il'\'£' t h a t  :t n i m:t l �  ha \'e nn i nnc)' spiri tual  compo
nen t .  This i s  the l<pi ri t u a l  l i fe they i n voke with It short pmyer, I t  i::: 
nut a IWW idea; ot hl'r nati \'�s t h roughout the Am('ricns have t h i s  
ri t ua l .  I n  t a k i ng branches from t h e  sacred Dou/!Ias fi r tree, th(, 
I 'twlliu m('n w i l l  i n form t h e  Creator t h a l  t he i ntent is not to 
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mut i l ate til l' t )·('e. but thaI  it w i l l  ht, U"l,tl to d" ," " 1'<1 I l' t l1l' h U Ill"" 
bei n,:: in t I ll' p<.' rfol·/lHl nl·t· of ll l":ll'red rit u a l ",' dmll'" i n  H i ,. llI-,wr. 
In Puphl o  n,l il! ion.  t ll(' l)oUI!Ia" Ii i' i!C u"ed to :llIu1'11 m"�t d" rH'l'r�. 
mal(' a nd Irmale, It is 1l 1 !C1I u,,('<1 til dl,(·.,,·a t l'  t llt' a l t a r  and "hri lll' 
whel'e :1 l i kenl'!''' of It patron :::a i n t  ill' k('�t d u ri ng t Ilt' day til' : Ill' 
f(,H:;t.  For many years man�' Pueblo fa m i l il'': d i d  not ha\'(' (,hl'i"t 
m a ;,:  tl'l'e!', ;;ince the purpOl!(,!C wen' not nat i n', Thl' dum i na n t  
society ollen uses fi r  tn>e!' for Chri!'l1�la;: t ,·(,('" . A n  ull �'lld fi r on :1 
!'all';; lot is a �nd !' i !!h t  i lHll'('d , ami is ron,.:idt'l'(,d ";llTil l',� i , , "" ,  Thi" 
tre!' i s  not u ,.:ed to dl'cOI'atl' a front yard I' i t  hl'l'. ,: i nt't' t nld i t  i " 11 h a ,.  i t  
t hat on(' i ;;  chnn�in!! nat u re \\'h('n a fi r  tree i ;:  d u J,:  up and mo\'ed t il 
the yard i n  a Pueblo or a \' i l l age, 

A fter <l fir branch has b(,l'n u!'('d d urin !!  a da nct'. Cf.'I·f.'nto n h l l  01' 
soci a l .  t hl' hl'rl nches are tnkl'n away and di,:po�(od of i l1 t h ('  ri \'(' I', 
Oft('n !'llmc <I n' kl'pt i n  thl' home u n t i l  dry, Thl'Y a n.' then hUl'n('<1 i 11 
t h e  op(·n fireplnce to furni!'h t he frl'sh slnel l of t hl' fi l' tret' in the 
room, or takl'n t o  thp. garden o r  fa rm where i t  w i l l  decompose li n d  
t h u s  sen'l' a s  ferti l i zer w h i le rpt u rn i ng t o  Mother E a rt h ,  

Among t h e  Chri stian concept s a n d  obsl'rvllnce" adopted by the 
Pueblos are least days for the patron sai n ts. E\'ery Pueblo v i l lage 
h as a Cathol ic: ch u rch n a med ofter a patron sa int .  O n  their patron 
sai n t's naml' day the "fil'sta" is h(,ld annual ly,  This rlay generA l l y  
begin� with holy �Ins!!, Fol low i ng t h e  Mass, t h e  fi r!'t dante of the 
day is performed in fron t  of the ch urch in most \' i l l a gl';;, The statur' 
of the �(\ i n t  is then carri(,d i n  H procession to the "plaza" or center of 
the v i l l age, Here it is placed i n  an evergreen-co\'ered bower, A 
danc:e is then pl'rformed throughout the day on the pla7.a, ,md 
sp('ctators orten n u mbering i nto the thousands ob<:e)'\'p the event 
from rooftops and around the pl aza. At day'!! end the :::a i n t'� statue 
is returned to t he church in another procession.  I For date!! of t h,· 
fiestas see append ix. )  

Z u n i  dops not c.!lebrnte 11 similar fea!ltdoy for a pfltron sa i n t .  h . .  ' 
hold!; the Shala ko Cl'remony AS :111 annual I' \'ent in l'arly I '  
cemher, The cercmlmy ta kes place aecording to the t i m.! !'eI , 
set hy t he rl'l i�ious leaders of Ih (, Puc·hlll l ind nllt on a ca:  
hasis, 

Based u pon th,· i r  ('c:onOll1Y and fort i lil'd with their rr.'I i�iIIlIS 
learn i n !:  li nd o"!-'I'rvnnn'!!, t he Puehlo,.; devl·loped th(' ir  sIIcil'l \' .  
T\\'o ty pes of' ,:oci:.  I st ruchl l'\' hII'. I' ('x ish·t! i n  I 'tld 110 II i"I ',,'y, ;1 / 1,1 
i n del!d st i l l l'xist tlJday in many inst alll'l's, l\n l h n,pr,llI�ists d,· 
scriht, ,,"ch �:o(' i l' tal  types ill lllany M('holm'ly \\turk ..:.  "'hat is  I)(' in� 
)'(�IHt('d hl'l't , .  hl)\';(:\'er, i s  an l'xplanatioll of the l'\'oh'ing- Put·hl., 
soeipt y which i,, ('\'en nnw ha,:"d upon tIll' 1:l m i ly,  S i m'(' t l\l' PUt,hlm' 
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It l'UEBto INDIAN RELIGION 
direction.),. his hone threw him, and he became a stone i",. 

Dge.'u The Isletln tAlc o( the Sun's kick.stick shows even morc 

pointedly how (Ililure results (rom incontinence or the mere 

thought or it. ·Blue Com Girl and Yellow Corn Girl hllve heard 

the lOng o( the kick-stick runner, their hearts are happy, and 

the,. would nlarry him. The next day, "because o( the wishes 

Dnd hopei o( the girls," the youth's kick.stick (:tns short o( its 

goal, the sunrise, and reaches only the middle o( the sk)'.'u 

Fasting (rom (ood or drink, rrom sleep or rrom speech, art 
mainly ritualistic practices, but there Rre instances in daily lifc 
o( such abstinence. Mishongnovi children are taught to dip into 

the (ood bowl onl)' rour times at the first me:ll or the da,., and 
partr manners ror D bridegroom or a guest prescribe tasting only 

four times o( a dish.· •• It is mDnnerly not to drink until the end 

o( the nie:ll (First Mesa, Acoma, Laguna).'·' A woman in labor 

is ,"arned not to drop asleep lest she die (Taos), or lest the sex or 
the child be changed (Zuni). Should the Sill woman rail to con
centrate upon the birth, "the child would not care to be bOrft 

and '",ould lie still and die ... ·.' The Hopi bride and her womell 

connections ha"(' to stay up Iltt night making warer.bread the 

night berore the rnarriage is consummated, an effort that p0s
sibly may signiry more than just providing ror a reast. In the 

San Juan tale or the YelloW' Snake Girls who send the man bacl ' 

to his people to become a shaman, the girls lay a taboo or silenn 

upon him, saying, "I f no words come rrom your mouth (� 
twelve days, you will prove yoursetr a good man .. .  ••• In some· 
thing o( the same spirit Crow-Wing refers to Il lCo'\rch by the 

Hopi Snake d:ln (or Ita good woman," a close-mouthed woma. 

"who will not tett anybody," to take the position or medicine· 

maker.'.' During their ritual hunt the snake.hunters have It' 
observe a taboo on speech, as did, in general, salt-gatherCf!. 

Speechlessness i. required almost always o( kachina impersonJo 

ton, :lnd not mercly to conceal identity. Secretiveness about tht 

kachina may be D remotely related rule. Various ractors entc:' I 
into the secretiveness or the Pueblos in regard to their cete' 

• But ftmIrare �Iisho".,..m. 8el.1,hol. s:" ror the cllnll" to ""nter ": 

"one rrom an antt'Jort run"inB, j" • tlnl" an albi"o antelope. 

INTRODUCTION aJ 
moniat life, but one which is certainly strong with them is the 
belier thnt their ceremonies, their tOJlllmbrrs or (Jjb,', will !os� 
their potency i( told, a common IndiAn attitude. EvC!n IlS in 
witchcrart, power talked About is power lost. 

PerlOnal potency or efficacy is enhanced through trllnquitlit,·. 
When the paternal grandmothC!r or kinswoman is summoned to 
t:lke charge or a ne",born Hopi inr:tnt and its mother, she i!l !;Ur
posed to be in Il happy (r:an,,: or mind, so nnything :tt !III dill
rurbing is removed (rom the house," · Ir parents qU:lrrel, Il nurs
ing infant mar become sick (it may indeed), since its mother is 
not ".n right inside." The pDrents should conress to the doctor 
who is called in or to the woman's uncle.· In announcing a Hori 
«remon)', the Crier exhorts people to live in kindness, to be good to one another. "Until that many days (sixteen), we, all  
the people, without baving any 'contentions, must live. "," .. \s 
Vom discernedt,. comments: "Any worry, sorrow, or anger dis
qualifies a Hopi, as a rule, to participnte in a ceremony, and 
contentions and quarrels in the village are supposed to interfere 
with the efficacy or a ceremony." The Antelope chier or Ship
lulovi tells Stephen that Cloud has come to Shipaulovi and 
he.wy rain has ral len during his ceremony because peace and 
love prevail at Shipaulovi, whereAS Cloud docs not c:tre ror the 
ceremony at Walpi where there is no unison. 'II "Our grand
fathers used to love one another," comments a Zuni critic, and, 
ignoring many a tale or drought she might hnve he:ard rrom 
grandrather or gre:ttgrllndrather, she Ddds, "thererore the rain 
neYer railed them."1IJ Here is as dose an approximation to the 
knse or virtue or its opposite, the sense or sin, as WAS ever 
achieved in Pueblo circles. 

Hunters lnd their ramilies are expected to remain in amiable 
• _� Eqaa. A remlrkable plrallel to modern Mlyan (Quic"E) prlcd" (Bu"lel. IoWIfOp) and to tarly Salvador confusio" in protracted labor (Suong), l!,cI 
IllUatiYC· or the tarly Aztec-Mayan rractice of conressio". Coruessio" allO CICt1il'l lmo"1 Pap_go (I. exorcism) (Underhill) Ind Imo"1 "orthem AtharuCIII., Eakimo, and Iroquoi. (l.owie I : 106). i'he Athapascan Carrie,. hold that rOIl "'II" conrcss to let well (llourke I :,.6S, n. 8). i.e T,11ow Corn or 1.ltta told me that, ir  .he rel\ sick rrom Biving me i"rormariO". 1rOu1d h."e to conr.: •• it. Lucinda also remarked: "Whac I 1m telling you 1 alii lOins to eonr", It berore I die. 1 am not going to carry It Iway with me." 
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31. Running: Wrangling . • • 
31. Ritual Pigment3tion and Amy 
33. Song • . 

• 393 

34- Medicine . 
35. Breath Rites 
36. Heart . . . 
37. Rites of Cont:lC:t or Contagion 
38. Continence: FlISting • 
39. Silence: Secretiveness . 
40. Vigil . 
41. Retreat . • 
42. Burlesque, Caricature, Satire: Gluttony and Filth-eating: 

Obscenity: Speaking Backward . • • . . . . . 
43- ]ugglery: Tricks with Fire and Boiling Water: Stick

swallowing . 
44- Omen • 
45. ClairftJ13nce: Dreaming 

PvunCA'!'Olty RITES 

46• Bath or Wash : Purificatory and Baptismal 
47. Emesis . 
48• Waving in a Circle and Discarding 
49. Spitting • 

" 

50. Left . 
51 .  Ashes and Embers: Gum 
52. Brushing .' 
53. Sucking Out Sickness 
54. Fumigation 
55. Whipping 

RITUAL COMPLEX AIft) RITUAL I" RELATlO" '!'O WAT or UrE 

395 
401 
413 
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425 
428 
433 
435 
437 

438 

440 
443 
450 

4$3 
455 
457 
460 
461 
461 
464 
465 
466 
467 

476 

Pueblo ritual is kaleidoscopic. There are many ritual patterns 
or rites, and, almost ftS accommodating as tale incidents, they 
combine in many ways. Thus ritual is both fixed and mobile. 
Mobili7.ed into a comparatively constant combination, a group 
of rites may form a ceremony, sometimes with, sometimes with
out, a dramatic idea. These ceremonies we shall consider in a 
following chapter, taking up now each rite or ritual element in 
i tself, as a separable clement or unit, in an order partly logical, 
partly suggested by the extent the rite is used, more particularl y  

RITIJAL 2� 
in the West; opportunity for observation in the E.ut has been 
limited. In logical order we may consider the ritual of making ofFerings 
ar giving pay to the Spirits; the fetishes and representations of 
the Spirits, those images or effigies which the Spirits invest when 
properly invoked, and which con\'ey power or title;' the as
semblage of fetishes and other sacrosanct things to form an altar; 
mimetic weather or crops ritual, including ruMing and dancing 
and throwing gifts, rites which express with peculiar vividness 
the feeling or ideation of mimetic magic, of performing in little 
or representatively as a form of compulsive magict what is de
sired on a large scale; and finally purificatory ritual to prep:lfe 
for or to conclude ceremonial, cleansing for or after contact with 
sacrosanct and dangerous things. 

It is more difficult to classify medicine which is used in many 
nys and for different ends, or that part of ritual which is ever 
the most precious and secret-prayer and' song. Is the feather 
deposit a gift of hair feathers or clothing or a message, "like a 
letter" or a passport ? Flagellation by kachina I had always 
thought of as a purificatory rite, in view of Zuni explanation, 
until Crow-Wing wrote that in the kachina races on First Mesa 
the more runners the kachina overtook and whipped, the more 
rain the kachina would have to send in compensation, implying 
In entirely different theory of ritual flagellation. Interpretation 
by the observer must be open to revision, and he must realize 
that just as "that's why" varies for the same ta�, so varying 
explanations are given or held, within narrower limits, for rites; 
contemporaneously or from period to period. Interpretation of 

• rau"ad"a teU. Stephen that aU the domeadc animal., "en tbote In the 
'bela or other people" lire yirtually his b«aule he hold. their Mother (a 
wooden .tar effigy). All these anim:ds came through the Hori and through thi. 
Mother. Hence it i. very wrong of NaY:lho to steal Hopi animal .. (We wonder 
how the Hopi War chief him.elf came to be connected with domestic animal, 
ualeat by raid •• ) 

t A. Dunzel hu admlrabl,. pointed out, the magical m«hanittic t«hniqutt 
of'the Pueblos belong to Pueblo religion, since they require a .pecial letting to be 
dI'«tiye. They mun be performed t» • •  pecial persons at .tated time. and places, 
ia the prestnce of certain powerful fetishts and to the IIccompaniment of set 
pr.yen, song., and other ritu:d acu (8unzel l : 492). 
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THE GODLl�ESS OF PLACE 

;\l')ukl. or G.'nnin:ltor 

• \�DR[W HER't EQ1: .. \rn:· ...... \, the Bluebird chief of the Second Me�a 
pueblo of ShongopO\'i, expressed simply an opinion that must be 
common to all Pueblo groups. "The Hopi land is," he said, "the 
Hopi religion. The HOt'i religion is bound up in the Hopi land.llI 
In Zuiii t:tles. the Pueblo land is referred to as the "terraced plain," 
or as the "�lcred terrace," and this design, derived from the visible 
meS:l�, is by an!llogy c:!rried into the sky w here t here are "cloud 
terraces" that are often represented on altars. 

In one ta]e a gambler suggests that the land is a kind of gaming 
table for the gods. "F ore,'er upon the floor of his house there ]ay 
spread a great buffalo robe, the skin upward dressed soft and smooth, 
as white as corn·flour, and painted with the many<olored symbols 
of the g:!m::, c\'en as our own. But he delighted to call it  his sacred 
terraced plain, bethinking himself of the robe-spread of the god!7-, 
which is even the outspread earth itself, bordered by terraced hori
'Zons, and diversified by mountains, val leys, and bright places, which 
are the symbols and game marks whereby the gods themselves count 
up the score of their game.JJ:! , 

The thought that one's homeland is the playground of the gods 
is but a poetic statement of a relationship that is otherwise taken as 
a fact in divine co�mography. While the landscape as an entity may 
be regarded as sacred, there are always particular spots, whether 
mountains, lakes, rivers, �pring�, or groves, which have particular 
mc:tning and sacredness. These arc often the haunts of gods and ]e�ser 
spirits. The feeling is W �trong that it per�ists long after people have 
forgotten magical or �\lpcrn:ltllra] 3�!iix:iatjons. One who h:\s always 
]ived within a metrop'Jli� wi l l  find him�cl f drawn to certain placce;, 

I ;\ntlrC:1\" 1 I,:rm(;(JII:I (I,:·,·:a. 7'11� /lo/,i w"J' of Ufr Is 'hI' I ! '" ", "f /,,'" , r, � ,  
:! ('",I , in;" / .  ,� ; /- '. 11: ., CI'r�, ; ): ti- � 7. 

1'/". Gntllillo,( til I'lrI(,' 
to one corner in :l park, or a cert:lin chair in a library, de�pitc the fact 
that he kno\\'� there arc many others equal ly :15 good. The hunter or 
the fisherm:tn who returns incxoJl'ably to the $lmC place time a fter 
time has added another element ; he h:l� not only e�taL]ished a place 
of comfort and security, but has as wd ] est:lbl i�hed an area where 
environment:l] rc�ponse is to �ome extent controlled by his knowledge 
of what can be expected to happen there . 

I n  the Pueblo co�mos the vil lage is the center, but toJ ha\'e meaning 
it center lllu't have a number of points of refere!lce ollt:-:idc the l"Cnter. 
�lost import:lJltly there :lre mOllnt:'lin::. "'e h:l\'e :'Ilrcldy ob:::crvcd 
that mountains provided horizon calendars ",hich served to orient a 
nllmber of p\lcb]o,; within the time !7-plll of the ycar. The value of 
the range in this i nstance is probably morc �acred th:ln practiC:lI, hut 
,'cry often the value attached to a particll l:tr place is an inextricable 
mixture of the practical and the divine. 

Let us con�ider some of the sacred mountains which give one kind 
of structure to the Pueblo world. The world has to be particu1:trized 
to some extent, since under mountains one may include whole ranges, 
notable peak$, certlin hi l l�, flat topped mc�as, butte�, needles, cones, 
and particular rock formations which arc identified with mythologi-
cal characters, or serve as shrines. The peaks of the directions and � 
their "chiefs" h:lve already been mentioned. These are mythical � 
mountains rather than real ones, and they are often represented by 

� 

stone or clay objects set about a ltars, but they may also become iden
tified with actual peaks. For example, to the people of Laguna the 
mountain of the west is the peak of M t. Tay]or, 1 1 ,334 feet high. 
Since it lies northea�;t of Zuni and southeast of the Hopi mesa�, it 
can hardly serve as a common directional point, but many people 
m:'lke pilgrimages there. 

The Pueblo wor]d is fairly well  confined as an entity by the Sandia 
MOl1ntain�-the Keresan home of the \Var Twins-on the east, :lIld 
the San Fr:mcisco Mountains-home of the Kachina-on the west. 
For north and �outh confines one may borrow from the Navaho 
account of the PlIcLlo 'Var, and accept He!>perus Peak in Colorado 
for the north :'Ind l\ l ogol lon B:\ldy, in the \Vhite Mount:\in�, for 
:t. south markcr. 

1 8 1  



J> t " U1 L O G O ,,!!  ,' :'\ 1) :\1 \" "- 1 ( 5  
SI>J1lC mountain:; had :t ,"cry I'r:lcti\.";tl " nluc in oricnting thc foot 

trave ler in a rathcr confusing topographical world. To take one 
certain examplc, there i �  Cabazon l'-:ak which lies on the trlil be
tween the Rio Grande of the Keres and the western pucblos of 
r\COllll and Zuni to the �ollfh. C:tbazon is called a neck by geologists, 
and a necdle by othe�. The aptness of the latter is i l lustrated by the 
fact that it ri!'Cs 1, 1 60 feet from the Aoor of the va l ley, but has a 
di:tmetcr of only I ,.j.oo feet. In historic timcs a path p:as�cd by this 
peak lind down the I'ulrcn on thc cast to Acoma ; doubtless i t  was 
centuries old thcn. :\noth�r ruute probably went north of i\1t. Taylor 
tow:ard I-I()�tl Buttc, a!1d thence to Zuni, or pueblos f:arther west. 

On the route betwcell :\coma and Zuiii there is a rock of no great 
sizc, but of grcat f:amc : EI :\Joro. The famc deri" es from the Span
i:1I"ds, "paso por nqui ," but for several centuries before thcy pas�ed 
that war it must h:a\'e been a refuge for tho!'e who journcrcci bctwecn 
Acoma and the Zuni area. At the foot of this cli ff  there is a water 
hole ;  and that it h:as long been there is attested by the fact that on 
the top of the mcs:t there is a ruined pueb lo, not of histonc tirne. The 
place was a refuge for tra\,c1ers, and the idea of refuge is closely 
related to the divine. In  :ancient Greece one who took refuge in a 
temple was in theory �afe, for if he were dragged forth and kj]]cd, 
the god to whom the temple was devoted would avenge him. The 
$ame idea pe�isted into the Middle Ages with the contention that 
a cathedral was a rcfuf:,TC, even for criminals. Probably this concept 
is oo�cd upon the root idea of water, and physical protection that 
certain sites afforded the traveler. In the Pueblo world most springs 
and dependable cistern� are in some way sacred. Many are associated 
with a particular �ociety, or with an individual kachina. Some of thcse 
arc a sobce and refuge to everyone who treats them with proper re
sp<.'ct, while others are �o sacred that their comfort must be rcfmcd, 
except by specified individuals on ceremonial oCClsions. 

There are sonie rnnges and h igh peaks which nre more c1o�e1y 
rebtd to the �pirit world than to practical affairs; they nrc eternal 
anri arc nearer to the ullknown reachc� of the cosmos than man cares 
to go vcr}' often, ulJle�� he i ... prc�cribed to Jo so. A l lopi ritu:tli-t may 
run to the San Fral1ci�.co l\'loll/1�ain� nnd hack a�ail l ,  as �:\\"irt !} :!S 
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pos�ibh:, to .... ompkte :t rite. I li� I1lj��ion h, pr:Ktk:t1 only in tilc scn� 
that it e .. tabli�he� and confirl1l� :t rd:nionsh ip between the,: Hopitu 
and the god� of tho�e l11ount:1il1�. . 

At other t i l11c� alld to other p laces the speed may be Ics�, and the 
gOlh II1l�" (Ontaill :a larger pr:tct:,':11  clel1 1ent, but the trip:::, or pilgrim
ages, are ncn:,"the less thorough Iy in\"oh'ed with the spirit world. I 
shall  dc�crihe two moull tains-nne h:: n;! a mount:.in and a !:ake-in 
wh i�h the practical, the bl':autiful, and the di,"ine are we l l  mixed • 

Thc!'e two pl:t, �� ha,"c :an added inkrc�t in that they arc pan-Pueblo 
in im portlllce, and in that war tie the Pueblo world togcthcr in !'p:ace. 
They also join the Pueblos in time, for trip!' were m:ade to these 
places by the " alli:,hed peoples of :\Iesl \'crde :and Pueblo Bonito, and 
douht lc�- from a great number of other tOWII� which :are now in ruin,  
or le,'c1 with the  ground. 

The earth i� a goddess, and hcr mo�t cs�ntial products belong to 
spirit:' rcpresenting a�pect� of her ((Ae�h." Corn i!' of cour�e the essence 
of that flesh, bccallse mankind �ub�i�b upon i t ;  ih flesh becomes their 
flesh. Since m:all (annot l i,"c by corll alone, cven when squa�h and 
beans are added, two other things must bc found . Slit is nece��:try 
to �e:tson food, and jewelry i� nccc�:-arr both in rites :and for personal 
adornment. Unusual objects, such as quartz crystals, often are used 
in conncction with ritual. The Pueblos knew that by rubbing two of 
them together :t glow would be produced in the dark : the so-called 
l ightn i ng stone. However, abovc al l other ohjccts in importance was 
the turquoise. Sometimes the turquoise is a gcm of great bCluty, but 
even when it is not, it has great value. 

Castaneda mentioned that the Z-uitis oITcred nowcrs, plumes, and 
turquoj�e of an infcrior sort at their sacred springs. The superior 
stones, one may :assume, went into feti!.hcs, or into gems for persona'l 
adornment. Since the Sf)urces of turquoise are very l imited, thc moun
tains which bnrc them became thc !ieat of extensive pi lgrimages to 
g:ather the �OI1CS. The extraction of turquoi� from the e:arth-mother 
was not as simple as picking up an occasional cry�tal on the �urface ; 
it involved e"tcm ive mining from prehi�toric timL'S. 

The m(J�t notable mines were in the Ccrril los area, which is about 
fifteen mi l..::; : 'JUI hwc!'t of S:tllt :t Fe :ami lies jtl�t heyond the pre�ent 
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THE FACE OF ANIM ISM 

!;hu\:I\.-iH:, the Zuni tin-br:lnd-ynuth 

t\CC01l.D1SG TO the dictionary definition, animi5m is the belief that all 
object'!' po��e�5 a natural life or ,-itality, or are endowed with in
dwcl!ing soul!=. To this it adds the possibilities that ench object may 
ha\'e .l consc..;ou5 l ife and that the soul may be capable of a l ife outside 
the object. To th:tt c1a��ic picture one may add the popular con\·iction 
that the world of animi�m is panthcistic. In order to face Pueblo an
imi!=m honestly we must qualify and particularize general views. 
Since this book is concerned with gods-or rather with supernatural 
power�-it j.: necc��ary to di�tinguish bet\\'eCn such poweN, however 
sma)), and mere conscioumess. It is also necessary to examine again 
man's place in the cosmo'!'-world order, or harmony. 

Let us begin with a simple l'tatement of Pueblo animism : "To the 
Zuni the whole world appears animate. Not only are night and day, 
wind, clouds and trees po..;<;essed of personality, but even articles of 
hum:!n manufacture, such as houses, pots, and clothing, are alive and 
sentient. All matter has its inseparable spiritual essence. For the most 
part this spiritual a!>pect of things is vague and impersonal.JJ1 

\Vhile that statement is true, it leaves out a number of concepts. 
To begin with, everyone wil l  agree that living things are alivc and 
that they, along with non-organic phenomena, pos!=ess "personality," 
which is to ay, changing conformation, response to stimuli, and the 
like, and changes, including di�olution, which are easily cquated in 
the human mind with one's own vital element. There is also a con
temporary scientific point of view that grants considerable life to inor
ganic matter. The biologist Sir Charles Sherrington wrote : "r\atural 
science ha� studied life to the extent of cxplaining away l ife as any 
radirnl ly separ:lte category of phenomena. The categories of li"in� 

1 nunz�t, "Introduction. I', ZuJii Cl·rt'mnni:llislJI," loc. ';1., -t lC ; . 

• 

'1'/" , F",'(' n! If ";,,,i..,11 
d I 'f I . I ' d' .. () , "I 'h \" , an 1 e eS:; al'l r\."gm'l :-' l'CICI1Ce I:-:Ippc:tr. I' :t!!;l l ll : .. e l.:��lIld:Ll'1 

betwcen them is conwlltiol'. Thi� dcktes ' I i f\."' as a "'l'il:l1titic c:tkj.!ory ; 
or, if you will, carries it down to embr.t('c the atom. The " :lni�hing 
point of life is lost.":! 

I n  this sense all  m:'tter has an in�ep:trable sciellt if : e�'ellce, if not 
a !'pirituc11 one. In the Pueblo univer�e there in harmony of the whole, 
which will appear often in this chapter, and tow1rd thc end ·Jf this 
ch:tpter Pu�blo view� wi l l  be considered in relatiO!l to \"arious con
temporary attitudes in \\"estern thought. First, howcver, Wo.! need 
to understand the Pueblo view. Pueblos are not p:lIltheim in either 
a mystical or in a scientific sense ; their gods stand apart from the 
phpical and biological world and have considerable, if variable, power 
to in fluence the cour�e of events. 

A related, if le�ser, power resides in many inscn!'ate thi\lg�, as well 
as in animals and men, but it by no means h:ls an cqual di�tribution 
throughout the world. Some things have special power, otht:rwi�c 
any object would do for :t fetish ; not every mountain is equallr pow
erful. To learn of this supernatural power, :md it limitations, let us 
cxamine :t tree, an artifact, :t stone, and nn anim:tl. 

'Vhen a dance is to be held, one of the most frequcnt e�scnti:lls for 
the d:tncers is :l colbr of spruce twigs, whether the dancers be ma!'ked 
or not. The spruce, which is actually Douglas fir, is the direction:!l 
tree of the north for al l  three tribes. That is the region from which 
winter storms come, :1I1d the tree hence has a rain bringing potential 
!It any sea�on. The Zuiii name for this tree is translated "water comes 
out arms." "The breath from the gods of the undermost world is 
supposed to ascend through the trunks of these trees and form clouds 
behind which the rain-makers work."3 

When the br:lIlches of this trec are to be gathered its hlessin�, or 

:l WiIIi:lm K. C. Guthrie, I,/ Illt lltgi",,;nK, 1 9, 46• 

3 SI:I! M. C. StCVl'fJ50n, "Etlmooot:,"y of thl! Zuni tndi:ln.," n,A,F.. Tllirumll, 

A ",lIIal /(rfort ( 1 9°8-1 ,)09),  97. A�nrding to S'('l'hcn, Hot; "mr""I, I, 395,  "Th� 

'rrure ),1111/:'" 1�:tlh" rt'll for 1;:\I'hill:'l I,"rrmrs in the 'I.rill� of th� Yl':'Ir, if of ,.Im'�o 
r:r" .on, t�.t"J:,.1I :'I1¥"I"nn' ( If ":,,1 winll� :Inti ,":.t r:lin! will rr-·\·:. il in t"te 111m",..,. I f  
,h�o !1" lIr.! i s  111 111 (un'.i),  it i s  :'In <" oil" rrrl[!n.'�ti('3tion." 
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power, mu:-t be ,-,\)ught. "'hcn the pcople of Kcres:m S:mta An:t and 

S:tn Felipe nced ' pnlce b()ugh�, men are sclected to ride up into the 

Jemez or the. Sandia �lountain�. ( I-Iopis go to the San Fr:lI1ci�co 

�loul1t:t:n$. ' They take with them prnycr-feather bunche�, one 'Jf 
,,"hi.:h is to be rl:!J1ted for thc �pirits of the mountains, since thcre thcy 

are 10$ing a p:1rt of themsch-cs. The::c �pirits do not seem to be par

ticularized, or e,·clI localizcd. It is not �urprising to learn that one 

:\comite o?incd that even an airrlane could be con�idered as be

lc�lging �o thi::: friendly group of �pirit�. Not just any tree, but a suit

able trce nlU5t be found. The gatherers from San Felipe carry turkey 

fc:!.thers wrapped in corn husks; and when t he right trec has been · 

loc:aed, "th� feather-bearer approaches. After prn},ing, he climbs as 

high as he can and tie� one of the fcathers to the highest point : 'that 

brin� out the rain and the Shiwal1ll:ls from the mountains.' " After 

thi5 rite the fc:tther bearer and the other gatherers take as many 

�rn!lche:\ a� arc needd. 
The one who "plants" the feathers on the tree top is the war 

priest'S helper. An idca of the contcnt of his prayer comes from the 

puehlo of Santa Ana. Whcn he alone approaches the spruce tree: 

"He �:!y$, in effect, 'Let the ianyi ( power, blessing) of the spirits go 

to thc pueblo with the spruce boughs;  let them send rain on the 

�6th to the growing crops all over the world."· Other feathers are 

planted in the ground with their tips facing back toward the vil lage. 

Tm,)';, somewhat similar to the word mana, which has become gen

eral in our language, is interestingly translated as both power and 

blessing. Ble�sing implies that the power has to some extent separated 

itself from that in which it re�ides and tends townrd the pueblo. The 

br:tnches here �eem to be the be:lrers of the power, and they are special, 

because they have been �e1ected as n medium of communication bc

tween the spirits and m:lI1. There is no concept of the trcc as an 

independent, personified, spirit, such all a Dryad who can slip out 

of the form of the tree which inC:l!'es it. As a qualification, there are 

personificatir.llls h the Pueblo �pirit world : "Salt Old \\roman, giver 

of herself," and the I 10pi c!urJlu,'Ilia or Stone people. The�e arc cclts 

4 Lnlie A_ Whilr. Ti,e l'IIr"'" 0/ S,," F�lil'" 37, nnd White, 7-M I',,,·blo "/ 
SII"'II li"II. z �  r.. 
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TI:,- Fa.,· of A"i",islII 
s.,id to h:wc bc�1l Jcf t from thc (by:, whl'lI !>tonc� h:td �rccch, lind 
life, and tr.tvelcd about the world . 

Stones have a particubr row�r. I n  the tint ch:tpter thc boundary 
stone was discus�ed in relation to �l:Ls:m·u. The ZUlii�, who have no 
such god, ]jkewi�e set up crudely �culptured columnar stones to mark 
the fields they h:l\'e cle:m�d. Evcn after thc licld is abandoned, and 
after the death of one who has c1earcd it, these stonCl:l protect :lnd 
a�sert the right of his clan to the land. The protecth-c power of this 
stone may be per�onified in the form of an animal, in which casc it 
indicates the reversc value of the stone feti�h carried by a hunter. 

Another type of stone, which is to become a household utensil, 
is C\lt out of the mother rock in  secrecy, and apparently with morc 
clabor:ltc ritual and taboo than in the cutting of spruce boughs. The 
grinding-stone i� the central piece of household equipment :lnd mak
ing one is not to be taken lightly. A spccial prie$t super\-i�s thf� work 
in the field. It is likely that cooking stones arc made at the��ame timc, 
since one reaction of a stone to improper procedure is to crack upon 
first heating. Not only must the newly made artifact be treated prop
erly to appease its spirit, but the rock from which it was cut has to 
be considered. "\\1hen cutting out mealing-stones they make praycrs 
and cast meal to the cne�h of the rock.' ,,:; The pra}'er is not to the 
soul or spirit, but to the substance ; the harmony-or perhaps one 
should say the sialus IJtlo-of the Pueblo world has been di�turbcd, 
and amends must be made lest this small  change effect greater changes. 

The power involved in both the boundary stone and in  cutting the 
rock might be called negative power, since the wish i� to maint:tin 
thingll as they are, or rcstore them to what they had been but a short 
time before. On the other hand, an artifact, or even a part of one, may 
also have positive power, as this note from Kere�an L,�una shows. 
"To CUre chi ldhood i l lnesses, a reliable mcdicine COllsi�ts of pot
sherds gathered from old ruins, ground fine, and drunk in water. The 
sherds arc impregnated with power bccau�c they were made in one 
of the four epochs of the distant p:l�t, in c:!ch of which people were 
created by 'Our Mother' hut later destroyed ( not having proVCl. 
entirely !':Itisfactor}, ) ,  :111(1 replaced hy a prel:ulll:lhly !Jetter group. 

:I t ·u,hiUI!, 1111;; 11, .."./"Ii.'!, 1 1Y..  
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PREFACE 
This preliminary environmental and socioeconomic assessment of The Geysers-Calistoga K nown 

Geothermal Resource Area (KGRA) is part of the Department of Energy's (DOE) Geothermal Overview 
Project. The purpose of that project is to identify, summarize, and assess the environmental issues of KG RAs 
currently identified by DOE as having strong possibilities for commercial development. Project results are 
reported to the Assistant Secretary for Environment of DOE and provide a basis for selecting those geother
mal areas having the most critical need Cor regional environmental studies. 

The Geothermal Overview Project addresses issues pertaining to air quality, ecosystems quality, 
noise effects, geological effects, water quality, socioeconomic effects, and health effects. At each KG RA under 
study, the key issues are identified and all available data are collected and analyzed. Finally, recommendations 
for Cuture research and data collection are made. 

The G eysers-Calistoga KGRA study was the first to be undertaken in the overview project. In this 
effort, the Lawrence Livermore Laboratory worked cooperatively with the Geothermal Resources Impact 
Projection Study (G RIPS), a regional body consisting of the counties of Lake. Mendocino, Napa, and 
Sonoma. Vital to the approach used in this study, and all the overview studies, is the free flow of inform ation 
and the early involvement of all interested parties including local, state, and Cederal agencies, electrical 
utilities, resource developers, universities, and other private and public groups. With all interested parties in
volved Crom the onset of the project, the overview reports should reflect a consensus of these groups. 

This report is intended to serve as the basis for planning Cuture research, field studies, and assess
ments addressing critical environmental and socioeconomic concerns associated with the development of 
aeothermal resources in The Geysers-Calistoga region. 
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ABSTRACT 

Noise from geothermal resource development at The Geysers-Calistoga Known 
Geothermal Resource Area (KGRA) wiH cause community annoyance unless noise-level 
standards are set and adhered to. Venting of steam is the loudest source of noise and can 
reach 1 00  to 1 25 dBA at 20 to 1 00 ft; most of the other noise sources faU below 100 dBA and 
are those usual1y associated with construction and industrial projects. Enough data exist for 
assessment and decision making, but it is scattered and must be compiled. In addition, com
munities must decide on their criteria for noise levels. Residential areas in The 
Geysers-Calistoga KGRA wiH require more stringent controls on noise than will the open 
space of which the KGRA is primarily composed. Existing technology can reduce noise 
levels somewhat, but more effective silencing devices are needed, particularly on steam 
venting systems.  

INTRODUCTION 

Geo thermal energy development in The 
Geysers-Calistoga Known Geothermal Resource 

. Area (KGRA) was, for many years, confined to a 
remote, almost uninhabited mountainous area. 
Since the early 1970s, however, geothermal develop
ment projects have been moving much closer to 
residential districts, and citizen complaints about 
noise emissions have become an issue. This is par
ticularly true in Lake County, where small 
recreational/retirement communities are located 
within one-half mile of existing or planned geother
mal wells. power plants, and other facilities. The 
same potential for conflict exists in other parts o f  
The G eysers-Calistoga K G R A ,  particularly 
Sonoma and Napa counties. 

The seothermal industry is actively involved in 
a program to reduce noise emissions and a number 
of important technological improvements in noise 
control have become standard practice in recent 

years. In spite of these advances, at times large 
quantities of geothermal steam must still be vented 
to the atmosphere without effective silencing. This 
is, by far, the most serious noise problem remaining, 
and its solution should be given a higb priority. 

This report deals exclusively with the impact of 
geothermal industry noise on adjacent communities 
and the extent to which it may reduce thl! public ac
ceptability of this promising energy source. It is 
based, in part. on findings of the Geothermal Noise 
Workshop held on November 14 and 15, 1977, at 
the University of California (Davis) under the spon
sorship of Lawrence Livermore Laboratory and the 
Geothermal Resources Impact Projection Study 
(G R I  PS). Additional discus.ivns ydth knowl
edgeable individuals in regulatory agencies. in
dustry. and acoustical consultins firms provided 
valuable supplementary information. 
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GEOTHERMAL NOISE SOURCES 
The noise sources that accompany the develop

ment and utilization of geothermal energy in The 
Geysers-Calistoga KGRA are summarized in Table 
I .  Except for the operations involving the venting of 
geothermal steam, these sources are typical of many 
construction or industrial projects. 

Site Preparation/Road Construction 

Heavy earthmoving equipment is generally 
used to construct access roads, wel1 pads, and 
generating unit sites. Noise conditions during site 
preparation for Geysers Power Plant Unit 1 3  were 
investigated in 1977 by the PG& E Department of 
Engineering Research; a report wi1l be available by 
the end of 1978. A general reference source for noise 
emissions from construction equipment is the EPA 
document PB 206 7 17.  I 

Geothermal \\' ell Drilling 

Extensive data are available for both mud and 
compressed-air dri1ling phases. Union Oil Company 
and Republic Geothermal, Inc. have both con
ducted noise monitoring at a well site during the en
tire drilling process. All developers, as well as the 
lake County Air Pollution Control District and 
Sonoma County Planning Department, have 
routinely taken sound-level readings to confirm 
adherence to use-permit requirements. Sound-level 
measurements for both mud and compressed-air 
drilling operations have been published in a number 
of references. 2-7 

Geothermal Well Clean-Out 
and Testing 

After a successful geothermal well has been 
drilled, loose rocks and other particulates arc 
cleared from the bore by venting the steam to the at
mosphere at full production rates. A conventional 
muffier often cannot be used during this initial 
clean-out proCess because of potential damaae from 
ejected debris. Extended production testing follow
ing clean-out is usually conducted with commercial 
muffiers of limited effectiveness. A-weighted sound 
pressure levels have been collected during these 
operations by d(\'elopers as well as county and state 
qcncies. Octave band frequency analyses are 
available from several sources. 2,l,S,7,8 

2 

Table l .  Noise sources associated with geothermal 
deYelopment in The Geysers-Calistoga KGRA. 

Site preparation!road construction 

Geotheanal well drilling 

Mud drilling 

Compressed air drilling 

Geothermal well dean-out ancl telting 

Geothermal Iteam \'enting 

Murned 

UnmurRed 

Construction or facilities 

Steam pipeline 

TlIJlIIIIission line 

(ienenting unit 

Genenting unit operation 

TlUbine!Jtnerator building 

Steam-.ent ps ejector 

Cooling tower 

Vehk:ulu traffic 

Geothermal Steam Venting 

After the initial completion and testing of 
geothermal wel1s. steam venting occurs during 
many different operations. These include the long
term bleeding of steam from partially shut-in wells, 
additional production testing, commissioning of 
steam pipelines, venting at the wellhead or 
generating unit during outage conditions, venting at 
the wellhead and along the steam pipeline during 
unit startup, and replacement of wellhead valves. 
Some of these sources can be adequately silenced 
with present technology, but others cannot. The 
highest sound pressure levels are associated with the 
relatively infrequent unmuffied venting at wellhead 
or pipeline installations. Data arc available to 
describe the A-weighted levels and frequency spec
tra ofall major sources ofsteam-venting noise. 2-9 

Construction of Facilities 

Steam-pipeline. transmission-line, and power
plant construction.requires many standard types of 
heavy machinery. Several generating units arc now 
under construction at The Geysers and noise at 
these sites has recently been studied by the PG&E 
Department of Engineering Research. These data 
will be made available in the near future. While no 
site studies of other construction activities have 



been conducted at The Geysers, extensive published 
data on noise levels from construction equipment 
can be found in the EPA document PB 206 7 1 7. 1 

Generating Unit Operation 

Three m ajor operational noise sources can be 
identified within the generating unit complex: the 
turbine/generator building. the steam-vent gas ejec
tor. and the cooling tower. Sound pressure levels 
and octave-band frequency spectra arc available for 
all so ur-c 7.8 

Vehicular Traffic 

Geothermal development activities result in in
creases in vehicular traffic. This traffic may con
stitute a significant noise source. especially when 
vehicles such as large. diesel-powered trucks must 
be operated on steep grades. No field measurements 
of traffic noise related to geothermal development 
seem to have been made at The G ey sers;  
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nevertheless. standard references provide an ade
quate description of vehicular noise sources. 10 

Data Adequacy and Recommendations 

Existing data adequately characterize the 
sound pressure levels. frequency spectra. and dura
tion of the various geothermal industry noise 
sources. Thus, it is possible to readily identify the 
sources that can cause the greatest concern in the 
adjacent communities. No further collection of 
geothermal noise- source data appears to be 
necessary for environmental assessment or decision 
making. 

However. much of the existing noise-source in
formation has been gathered very recently and is 
available only in scattered reports or is not yet 
published. To facilitate the preparation of more ac
curate environmental impact documents. it would 
be useful to have all of these data brought together 
in a handbook for convenient reference; such a 
handbook would also be valuable to noise assess
ment studies in other geothermal resource areas. 

GEOTH ERMAL NOISE PROPAGATION 
Methodology 

To predict the impacts of geothermal noise 
emissions. we m ust be able to accurately forecast 
should pressure levels and frequency spectra at 
various distances from the nosie source. This issue 
must be considered in all environmental impact 
documents. and it can become a very important fac
tor in decision making. 

Although methods exist for making these 
predictions. no noise propagation model has been 
generally agreed upon or systematically evaluated 
for accuracy by comparison with field measure
ments. There arc presently two basic methods to 
prl!dict the propagation of geothermal noise from 
source to receptor-an analytical method based on 
wave divergence plus excess attenuation factors and 
an empirical approach using noise propagation data 
recorded at various distances from leothermal 
sources. 

The analytical approach to noise propagation 
starts with the basic phenomenon of wave 
divergence. Wa\'e divergence reduces the sound 
pressure level by 6 dB every time the distance from 
the source doubles. In addition. excess attenuation 
occurs from such factors as molecular absorption. 
ph� sicjtl barriers. wind. temperature inversions. 
�·e� ... tation. and ground surface properties; this at
tenuation can be calculated from generally accepted 
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and verified sources .- A worst-case prediction 
would only take account of the combined attenua
tion from wave divergence and molecular absorp
tion. A more realistic prediction would also have to 
count the contributions of several of the other 
excess attenuation factors mentioned. 

The empirical approach would use data on 
noise propagation from actual !eothermal sources 
in The Geysers terrain. A large series of sound 
pressure level measurements and one-third octave 
frequency spectra have been taken at distances up to 
I mi from various geothermal operations.f A 
predictive empirical model could be derived from 
these data and tested in field situations. 

In addition. a scmiempirical A-weighted at
tenuation curve has been developed by R. C. Bush. 4 
This curve is based on a combination of theoretical 
acoustics and field measurements made on noise 
sources at The Geysers and elsewhere. 1 1  It has been 
used to predict sound pressure levels at receptor 
!ites ncar a proposed geothermal generating unit. 12 
Union Oil Company recently carried out a field test 
of this attenuation curve that predicted sound 
pressure levels up to several m iles from a venting 
we11 with reasonabll! success. 13 
·One ,uch sour�"e is "�und Propag3lion OUldoo",," b) U .  

Kurze i n  l\'oi,lr Qnd " ihrotio" Conlml. L L Beranek, ed , 
(McG rIlYo'·l I iU. NeYo York. 1 97 1 ), 

t Unpublished data. p, Leitner. BiololY Department. SI. Mar)" s 
College. M orag3. C"l ifl'rnia, 



A dequacy of Available Methodologies 

Methods currently available seem reasonably 
accurate in their predictions of geothermal noise 
propagation. The effects of site-specific terrain fac
tors JUch as barriers or elevation differences be
tween source and receptor can be calculated on the 
basis of k.nown theoretical and empirical relations. 
Local meteorological conditions such as winds and 
temperature inversions can also be taken into con
s.ideration when making predictions. Unfortunately, 
there have been few field studies to test the the ac
curacy of predictions made with di fferen t 
methodologies. No existing noise propagation 
model has been generally agreed upon and accepted 
as appropriate for use under local terrain and 
meteorological conditions at The Geysers. 
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Recommendations 

The alternative predictive approaches need to 
be systematically evaluated by a committee of 
k.nowledgeable individuals directly involved with 
leothermal resource development and impact 
assessment. This working group should include 
representatives of steam-supply companies, utilities. 
Rgulatory agencies, and consulting firms. All ex
isting data on noise propagation should be assem
bled and a family of propagation curves generated. 
Field measurements should be conducted, as agreed 
upon by the committee, to confirm and/or modify 
these curves. Such a model-validation procedure, 
would provide a standard predictive methodology 
useful in both planning and impact assessment. A 
thoroughly validated noise propagation model 
could greatly assist evaluation of noise impact in 
other geothermal resource areas and in other energy 
technologies. 

COMMUNITY NOISE CRITERIA 
In making decisions concerning proposed 

geothermal development projects, it is not enough 
to know the characteristics of geothermal noise 
sources and accurately predict the values of impor
tant noise parameters at receptor sites. Community 
noise aiteria adequate to protect against annoyance 
and activity interference must be established and ac
cepted before it is possible to judge project accept
ability or to set source standards. 

A number of factors must be considered in 
determining community noise criteria, including the 
existing noise environment, current land use pat
terns, the prior history of community response to 
Doisc, and general standards and guidelines. 

Existing Noise Environment 

Baseline noise levels unaffected by geothermal 
industry noise sources have been measured at many 
locations in The Geysers-Calistoga KGRA. 3.9 In 
recent years, most environmental impact documents 
prepared for geothermal development projects in 
Sonoma and Lake counties have included field 
measurements of baseline noise conditions. 2-7 Data 
usually consist of A-weighted sound pressure levels. 
although occasionally octave-band. statistical. or 
:nergy-equivalent levels ha"'e been taken. Sampling 
procedures' usually involve short-term measure
ments at Ii few sites on and adjacent to the project 
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area over a single day-night cycle. Long-term 
monitoring is rarely conducted. As expected in an 
essentially rural area, measured noise levels at most 
lites are very low and are dominated by natural 
sounds. 

The Community and Its 
Response to Geothermal Noise 

The most noise-sensitive land use within The 
Geysers-Calistoga KGRA is clearly residential, and 
it is the residents of rural areas and small com
munities in Lake and Sonoma counties who have 
reacted adversely to geothermal noise intrusion. 
Critical receptor sites where residents could be af
fected by geothermal noise are well known or easily 
determined. However. much of the KGRA is 
private land remote from residential devclopment, 
and quite different criteria may apply in these areas. 

Because of the low ambient-noise levels 
throughout much of the KGRA, ' residents are 
readily aware of geothermal noise intrusion. This 
can be particularly disturbing to people who have 
chosen to live in the KGRA region because they 
place a high value on quiet and serenity. Some in
dividuals' response to noise may be partly con
ditioned by a negative attitude toward other im
pacts of geothermal development including odor 



(H �) and visual aesthetics. Citizen complaints in 
Lake County communities adjacent to lcothermal 
development have been analyzed by the Lake 
County Air Pollution Control District and by 
Lons/Davy / Associates for the Noise .Element of 
the Lake County General Plan. 14 They found that 
most community annoyance is related to noise from 
.team venting, well drilling, and truck traffic. Com
munity response appears to follow fairly well a 
typical curve relating severity of public reaction to 
the magnitude of the outdoor day/night average 
sound level. IS The most vilorous and widespread 
complaints come from receptor sound-pressure 
levels of 60-70 dBA or higher. However, in some 
cases, levels as low as 40-55 dBA have drawn a more 
vigorous response than would be expected in a 
typical urban or suburban community. It is not 
clear whether such complaints arc related to the low 
ambient-noise levels of the region or to nonacoustic 
factors, such as opposition to lcothermal develop
ment in general. 

General Standards and Guidelines 

Regulatory authority over noise from leother
mal industry sources is shared among federal, state, 
and local levels of lovernment. Federal and state 
legislation loverns occupational exposure and ap
plies to geothermal noise as it affects industry em
ployees. Trucks and other motor vehicles operated 
on public highways are subject to the noise stan
dards of the California Motor Vehicle Code. Local 
,overnmcnt holds the responsibility for regulating 
all other aspects of leothermal noise. 

State law requires that a Noise Element be in
cluded in the General Plan for each county. The 
Noise Element provides the basis for local programs 
to control environmental noise and protect the com
munity from excessive noise exposure. It does not 
set standards, but rather describes existing noise 
conditions, develops criteria for noise-compatible 
land-use planninl, and outlines techniques for 
achieving an acceptable noise environment. A draft 
Noise Element has been prepared for Lake 
County, I4 and a noise ordinance may follow. 
Sonoma County has adopted a Noise Element for 
its General Plan. 

Geothermal noise emissions arc usually 
regulated on a project-by-project basis in Lake and 
Sonoma counties. A variety of noise standards have 
been applied to lcothermal projects as conditions 
on county use permits. Those standards have not 
always been adequate to prevent community an
noyance and complaints. 
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A number of studies that have attempted to 
specify the relationship between noise level and 
community annoyance or activity interference are 
summarized in Appendix D of Ref. IS .  This EPA 
document identifies an outdoor day/night average 
sound level (Ldn) of 55 dB as a reasonable protec
tion in residential areas. It points out that this level 
should satisfy most pcople but will not completely 
eliminate annoyance and complaints. It also cau
tions that an Ldn of 55 d B  is not to be construed as a 
federal standard and that the economic and 
technological feasibilities of reaching this level were 
not considered. 

While the noise exposure of residential com
munities within The Gcysers-Calistoga KGRA is a 
prime issue, much of the KGRA is uninhabited 
open space. The EPA "Levels Document" suggests 
that an appropriate noise limit for open space is an 
equivalent A-weighted sound level of 70 dB 
averaged over 24 hours. IS Any proposal for noise 
standards for the leothermal industry should 
clearly consider separate standards for areas where 
no residential or other sensitive receptors would be 
affected. 

The draft Noise Element of the Lake County 
General Plan has proposed Iand-use/noisc-Ievel 
compatibility criteria for Lake County, taking into 
account the conclusions of the EPA "Levels 
Document" IS as well as the State of California 
Noise Element Guidelines. 16 These criteria would, 
of course, apply to all land uses, not just lcothermal 
industry activities. 

Data Adequacy 

Available background information seems ade
quate to establish acceptable noise levels for both 
residential and open apace areas within The 
Geysers-Calistoga KGRA. Ambient noise has been 
measured at a number of locations; existing land
usc patterns and the location of critical receptors, 
auch as small residential communities. are well 
known. The pattern of citizen complaints about 
lcothermal noise has been analyzed and can be 
related in a leneral way to the type and energy level 
of noise intrusions. There is considerable local ex
perience in Lake and Sonoma counties with the 
relative effectiveness of various leothermal project 
noise standards in reducing complaints. By com par
ins this experience to EPA noise criteria for residen
tial and open space areas. it should be possible to 
arrive at reasonable standards that will protect the 
public welfare ydthout imposing unrealistic condi
tions on the gcothermal industry. 



Recommendations 

Ambient noise conditions should be deter
m i�ed before permitting geothermal development 
projects so that appropriate noise criteria can be 
selected. This is best accomplished on a project-by
project basis. When a specific project is under con
sideration, noise sources and their locations will be 
known and critical receptor sites can then be iden
tified with accuracy. Regional baseline noise sur
veys are not recommended. 

In general, community response to noise intru
sion seems well defined and predictable enough that 
criteria can be chosen to minimize annoyance and 
complaints. However, the factors that lead to an
noyance when geothermal noise is barely audible 
(40-55 dBA) are poorly understood. Additional 
study should be directed at identifying these factors 
and incorporating then into noise-impact assess
ment procedures. 

Local regulatory agencies with authority over 
geothermal development projects should establish 
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uniform and acceptable noise criteria for residential 
and open space areas. These criteria should not ap
ply just to the geothermal industry, but to all ac
tivities that may impact local communities, such as 
logging. mining, resort operations, and off-road 
vehicles. Although the criteria should minimize 
complaints, . the elimination of all adverse public 
reaction is not a realistic goal. 

Once acceptable levels are identified and 
reasonable standards established, responsibility for 
noise control falls on the developer. Permits for par
ticular projects would be issued on the basis of the 
develope�'s demonstrated ability to control noise 
and meet community criteria. 

Elaborate noise-monitoring systems are not 
recommended as a general rule. Occasional check
ing by regulatory agencies should be sufficient to es
tablish compliance with standards. Agencies m ust 
be provided with adequate resources to carry out 
this function . 

GEOTHERMAL NOISE CONTROL 

Venting large quantities o f  geothermal steam at 
the wellhead, along pipelines, and at the generating 
unit is clearly the loudest source of industrial noise 
at The Geysers. Measured sound pressure levels at 
distances of 25 to 100 ft range from 100 to 125 dBA .  
AU other noise sources are well below 100 dBA i n  
intensity. Although large-scale steam venting does 
Dot occur frequently or for long periods, it can be 
audible at three miles and can produce annoyance 
at two miles. Furthermore, it is not restricted to 
early project Itages but occurs periodically 
throughout the entire life of a geothermal field. If 
m o re effective silencing devices cannot be 
developed, use of geothermal energy may be re
stricted in areas of The Geysers-Calistoga KG RA 
that are close to residential development .  

Existing Control Technology 

In recent years, the leo thermal industry has 
improved control of the noise lenerated by vcnting 
steam with advances in such areas as comprcS5ed
air drilling procedures, steam discharge during a 
power-plant outage. and wellhead and pipeline 
\'enting during power-plant start-up. 

6 

Compressed-A ir Drilling 

Drilling in a steam-bearing zone is accom
plished with compressed air rather than mud. Com
pressed air is forced down the drill pipe and returns 
carrying rock cuttings and any geothermal steam 
produced. The steam, air, and cuttings are vented 
through a pipe known as a blooie line. All  
developers currently operating at The Geysers use a 
large cyclonic separator/muffler at the end of the 
blooie line to control particul�te and noise emis
lions. Control is particularly effective when water is 
injected into the blooie line upstream from the 
cyclonic muffler. Noise levels from air drilling can 
be reduced from about 120 dBA at 50 feet with only 
a blooie line expander tube to below 90 dBA with 
the cyclonic muffler. 

In many cases. the cyclonic muffler can also 
control noise during the initial clean-out and 
production test at a newly completed well when the 
drill rig and related equipment are still on location . 

Steam Discharge During 

Power Plant Outage 

It is not prllctical to shut in the wells in a steam 
supply (lCld during a short-term outage at the 
generating unit, and Larse quanti ties of Iteam may 



have to be released to the atmosphere. Rock muf
fiers have recently been constructed adjacent to 
several of the existing generating units. These large 
rock-filled pits replace conventional metal mufflers, 
which were relatively ineffective and corroded 
quickly. They h.ave reduced sound pressure levels 
from more than 100 dBA at 75 ft to 72 dBA at 25 ft. 
Most generating units will be equipped with rock 
mufflers in the near future. 

Wellhead and Pipeline Venting 

During Power-Plant Start-up 

Previously, during a long-term outage at a 
generating unit all wells in the steam supply field 
had to be completely shut in . The start-up 
procedure is extremely noisy because all wells must 
be vented to the atmosphere to clean out rocks and 
other debris that could damage the turbine. Venting 
is also necessary at various points along the steam 
pipelines to clear condensate that had accumulated 
during the outage. Sound pressure levels as high as 
1 25 dBA can be measured SO ft from these steam 
vents. 

Although no effective mufflers have been 
developed, certain improvements have been made 
to reduce the frequency of well shut-in. New V -ball 
throttling valves have been installed on many high
production wells and, during an outage, can reduce 
the steatn production from a field to 50-60% of nor
mal . A portion of the rest can be sent to other units 
via intertie pipeline systems or can be vented 
through the rock m uffler ncar the power plant. 
These new developments can, in some situations, 
avoid the necessity of complete well shut-in and the 
subsequent large-scale venting during power�plant 
start-up. 

Requirements for Additional 
Control Technology 

Steam-Vent Noise 
In spile of these recent advances in noise con · 

tro! , procedures during both the development and 
operation of it geothermal field still require venting 
large quantities of steam under condi tions that 
preclude effective silencing. Extended produc:lO %I 
testing of new wells and dean-out of previol.lsly 
shut-in wells are the m ost com:non ,;oise �ources 
that can exceed I OC· dSA at :)0 to 100 ft. A mt;ffiing 
system is required that can attenuate this e,team· 
venting noise by at least 20 [0 30 d B A .  

Drilling Noise 

Although the wun';:! prl'!ssne ieltels associated 

with mud and �or:lp resseri air drilling urI'! m :Jch 
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lower (80 to 90 dBA at SO ft), complaints arc 
sometimes received from persons living within 1000 
to 3000 ft of a drill site. This is due, in part, to the 
continuous round-the-clock operation and, in part, 
to occasional noise peaks occurring when the drill 
string is raised or lowered. Inexpensive methods of 
attenuating the low-frequency components of noise 
from large diesel engines and compressors would be 
very useful. 

Recommendations 

Steam-Vent Noist 
The highest priority should be given to 

. developing a system to muffle the free venting of 
steam wells to the atmosphere. 

One developer has used a rock-filled muffler 
mounted on a flat-bed semi-trailer. While it can be 
m oved by truck tractor from one well pad to 
another, it is extremely heavy and difficult to 
maneuver, especially on mountain roads. Such muf
flers do not seem practical for short-term venting 
procedures because of the cost and the time re
quired for hookup. However, improvements on this 
design might be effective in certain applications. 

A.s an alternative, a rock-filled muffler similar 
to that developed for the generating units could be 
constructed on some well pads for usc during 
venting. While these installations arc quite expen
sive, they might provide a practical means of noise 
abatement for venting occurring close to residential 

areas, especially if several wells on the same pad 
could be served by • single muffler. 

!n addition, some large metal test mufflers of 
conventional design arc capable of attenuating 
venting noise to about 100 dBA at SO ft. I n
vestigating the possibility of new designs might be 
worthwhile to achieve an additional reduction of 10 
to 20 dBA during extended production tests. 

There is, however, real need for a l!ghHweight, 
elbily rortable .a.nc:ing device for U!j.I; during well 
cIe2.r-out when con .. entional muffiers '",('uld be 
d,"ma,�;ed by ejectecf rocks �IJ(: dehris. Va.rk us j�;t 
nozzle roniiguratio!';s halll: D.;c:n investigated by 
NASA \0 �educe the rolH�d pressure levels from ;:ir
craft anc roclc�� er;gincs and to !\hape th� fr�quenc)' 
spec: rum . App;Yl Ilj?, this rrsearch to geotherma.l 
sLeam venling , I!� well as devt:1oping techniques fer 
ciirecting the stear;; !lew away (rcm reCer)tO{S, cou ld 

help i;;hieve a sat Isfactory level ()f Doist.; r�cluctio:L 
A feasibilit), Hud) shol.:ld be initiated as soon 

Ii!: possible to determine the most promisiil� 3p
pro'.lchr:s to redUCing su.:am-':l;,:nting noi:>c . This 
thould be L- I!')we,4 0) lhe  design. CJnSll uct;on. and 

�es( ing c-f prodJt)'ye and standard fl'Iumifig df;" i�e5. 



This effort should be carried out in close coopera
tion with geothermal developers at The Geysers. 
Such a program can probably be completed within 
one year. 

Drilling Noise 
Second priority should be given to the control 

of drilling noise. Techniques are available for 

developing acoustic enclosures and better exhaust 
noise control for large engines and compressors, as 
well as improvements in cyclonic muffler design.  
Some of these advances are currently being im
plemented by geothermal developers. Further 
reduction of drilling noise can probably be accom
plished by the industry and will not require an ex
tensive research and development effort. 
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GEOLOGICAL SERVICES OF TULSA 

SOONER FEOERAL CENTER 

500 1 E 68TH ST,. SUITE 300 

TULSA. OKLAHOMA 74 1 36 

(9 1 8) 494-5665 

November 7 ,  1 9 7 9  

Mr . Walter Dasheno , Governor 
S anta Clara Pueblo 
Post Office Box 5 8 0  
Espanola ,  New Mexico 8 7 5 3 2  

Re : Critique of Environmental Impact Statements 
Geothermal Leasing and Demonstration Proj ect 

Dear Mr .  Dasheno : 

As you requested on October 15th ,  Mr .  Tom Aley and myself 
have critiqued two environmenta� statements concerning geo
thermal leasing in the Santa Fe National Fores t  and the 
geothermal demonstration program on Baca Ranch . Our comments 
are attached . 

Our critique is l imited to the geological and hydrological 
portions of the assessments . Because the current concern 
of the Santa Clara Pueblo is the effect of geothermal devel
opment activity on water supplie s , Mr .  Aley , the hydrologist , 
is responsible fo� and deserves the credit for , the maj or 
portion of this critique . 

I f  you have any ques tions , please call me and we wil l  try 
to answer ,them . 

Very truly yours , " / .. /Z �"1 " . 
�r '.' l , __ , '  ,, /  ,/ " " / 0�;;��/1 .�� . /" �� 

Wilqus B .  Creath C 

WBC : db 

Attachment 
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CRITIQUE OF ENVIRONMENTAL IMPACT STATEMENTS 

GEOTHERMAL LEASING AND DEMONSTRAT ION PROJECT 

In our opinion the Final Environmental Statement , Geo

thermal Leasin g , S anta Fe National Fore s t  is totally inade

quate for asse s s ing any . impacts beyond the most preliminary 

exp loratory work ; however , it does point out there is no 

indication th at the energy to be produced by the Jeme z 

Mountain Geothermal Resource is rea l ly needed in the region . 

The Baca Ranch Program i s  a demonstration proj ect . The Draft 

Environmental Impact Statement for Geothermal Demonstration 

Program, 5 0  MWe Power P lant , Baca Ranch , New Mexico i s  of 

much better quality but it i s  more sel f-serving . In our 

o pinion , the statement should have devoted more e f fort in 

evaluating the e ffects of ful l-scale development . The demon

s tration proj ect i s  j ust the camel getting his head in the 

tent -- Santa Clara should ins ist on a look at the rest of 

the animal . 

Neither Environmental Statement makes a serious attempt 

to incorporate pub l i c  opinion in the as sessmen t .  Pub lic 

.10Loo'CAL ".VICIS O. TULSa 
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�articipation in both instances appears to be limited to 

after-the-fact comments after the assessmen ts were written .  

�his , in our opinion , is  not pursuant t o  the int�nt o f  the 

National Environm��ta1 Policy Act of 1 96 9 . 

Both environmental documents are de ficient in the area 

of impact an alys i s . The Forest Se rvice uti lizes an elementary 
• 

matrix to graphically display a qualitative summary of envi-

ronmenta1 impacts . The Department of Energy util i z e s  no 

assessment methodology whatsoever.  Sophisticated methodo

logie s have been developed for asses s ing impacts of proposed 

proj ects on water resources . We believe that some of these 

methods should have been employed in both the Forest Service 

and Department of Energy statements .  

A more detailed review of each of the documents follows : 

COMMENT 1 

FINAL ENVIRONMENTAL STATEMENT ON 
GEOTHERMAL LEASING , PREPARED BY 
THE .

SANTA FE NATIONAL FOREST , UNDATED 

The environmental impact statement considers maj or activ

ities on substantial amounts of land where conditions are 

varied . As a result , it is lacking in the site specifics 

necessary to realistically evaluate the proposed action . 

The data and the assessments are very incomplete . 

The primary reason that this document was prepared was 

to permit exploratory work while also complying with the 

OIOLOGICAl ' • .." us 0' fULIA 
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National Environmental Policy Act . Although this impact 

statement may be adequate for the e xploratory phase of the 

work , it is totally inadequate for evaluating the impacts o f  

any work beyond exploratory work . It is our conclusion that 

the technical content of this EIS i s  totally inadequate for 

assessing any. proposed development of geothermal resources 

which may occur in the are a .  

COMMENT 2 

Cons iderations of impacts on water quality are based upon 

only a few chemical parameters . These are (pages 33 , 3 4 ,  and 

5 6 )  total dissolved solids , pH , sulfates , sodium, and chloride . 

Other parameters s hould have been included to provide an 

adequate environmental assessment . The list of water quality 

parameters should have included arsenic , boron , barium, 

beryllium, bromide , cadmium, chromium, copper , iron , mercury , 

manganese , nickel ,  lead , selenium , zinc , silver , rubidium , 

and fluoride . 

The Forest Service EIS considers water quality impacts 

on f ish , and ignores impacts to other aquatic fauna and flora. 

Many invertebrates are far more sensitive to toxi c compounds 

in water than are fish ;  many of these invertebrates provide 

essenti al food for fish . Furthermore , waters produced from 

National Forest lands are used for agricultural irrigation ; 

the Forest Service should have considered the impacts of water 

quality changes upon agriculture and other current water uses . 

OIOLOOICAl II.VICU Of TULIA 



In addition , only the thermal impact on aquatic life is con

s idere d .  Other paramete rs , such a s  those listed i n  the pre

ceding paragraph would have more permanent de leterious effects . 

COMMENT 3 

The EIS gene ral ly re cogni zes that the extraction of 

l arge volumes of water from thermal aqui fe rs would affect the 

available quantity of water on the surface . Howeve r ,  the 

writers ( and some of the reviewers ) of the E I S  do not have 

a c lear picture of the mechanisms through which these water 

quant ity impacts wou ld occur . 

The extraction of more wate r from the thermal aquifers 

than is re-inj e cte d would rapidly lead to maj or dewatering 

of the thermal aqui fers . Thi s  dewatering would i nduce ground

wate r re charge from overlying groundwater supplies ,  which in 

turn would divert wate rs from surface water supplies . Based 

upon our work to date , we believe that induced groundwate r 

recharge would h ave maj o r  impacts on surface water supplies . 

A subs tantial amount of the work in con j unct ion with our pro

posed geologic and hydrologic studies wi ll be directed toward 

th i s  issue . 

It is our opinion that the following statement from page 

30 of the final Forest Se rvi ce  E I S  represents a logical and 

prudent course o f  act ion : 

GIOLOGICAL SIRVICIS OF TULSA 
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M In a statement made at a pub lic meeting on a geothe rma l 
leas ing , a s pokesman (Mr . Donald Eugene Gray ) for the 
State Engineers Office commenting on wate r rights s aid , 
' I t i s  the State Engineer ' s  pos ition that in the Valle 
Grande area there i s  an inter finge ring of formations and 
all are inte rconnected and hydraulically conne cted ; 
that a l l  formations are one hydro logic unit ; and that 
the appropri at ion of wate r ,  either in �aseous or l iquid 
s tate , will have some e f fect on the Ri o Grande Stream 
system and that it will be necess ary for the appropriator 
to offset th at effect so tha t existing rights wi ll not 
be impaired . 

I f  the appropriator t ake s exception to this position it 
wi ll be his b urden to show th at the �ppropriation wi ll not 
have an e f fect on the stream system ' . "  

At several points in the E I S , the Forest Service dis-

cusses the i s s ue of whether or not the thermal aqui fe rs are 

hydrological ly connected wi th other aquife rs in the area ( for 

example , page 9 0 ) . I t  s ometimes appears that the Forest 

Servi ce is wil ling to assume that the aquifers are not con-

ne cted unle s s  proof to the contrary is deve loped . We be lieve 

that thi s  position is imprope r for four reasons : 

1 .  

2 .  

3 .  

In nature , i t  i s  an extreme ly rare occurrence for 
supe rimposed aquifers not to be hydrologically 
integrate d .  There may b e  z ones whi ch re strict the 
quantity o f  hydrologic integrat ion , but the se gener
ally on ly retard ( and do not prevent ) such ve rtica l 
hydro logic inte gration . 

In view o f  the te ctonic h i story of the are a ,  it i s  
highly improb ab le that the thermal aqui fe r i s  tota lly 
i solated from hydrologic conne ctions with overlying 
aquife rs and/or surface waters . 

The potential heavy net extraction of wate r from 
thermal aquifers would great ly acce lerate the 
quantity of wat e r  moving into the thermal aquifers 
from overlying groundwater and from surface waters . 

"'------- OIOLOGICAL InVl c n  Of TULSA 
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4 .  A pre sumption that the aquifers are not connected is 
pre j udi cial to the interests of existing re source 
users (wate r users ) , whi le being bene ficial to the 
inte rests of those seek ing to deve lop the use of 
the rmal aqu i fers for e lectri cal ene rgy production . 
F rom our hydrologic view point , el ectri cal energy 
product ion will res ult in a de crease in water 
quantity . In New Mexi co , wate r is probably a scarce r 
commodity that electricity . 

COMMENT 4 

On several occas ions in the E I S  the :f'o:=est Service l"o.i. s e s  

the i s sue o f  whethe r or not the thermal aqu i fer is a re place-

able resource (page s 19 , 4 4 , and 79 ) .  It would be a rep lace -

able resource i f : 

1 .  E xtract ion of water from the thermal aqui fers in
duced re ch arge from overlying groundwate r systems 
and ult imately from the surface . 

2 .  Requirements were made that the volume o f  water re
inj ected into the th ermal aqui fer had to equa l the 
quant ity o f  wate r extracted from the thermal aquifer . 

The re ason that the U . S .  Fore s t  Se rvi ce raises the issue 

of . management of t he thermal aquifer as a replaceable resource 

is p robably be cause of federal laws governing the management 

of national fores t  l ands . In particular , the Forest Service 

places gre at emphasis on the Multip le Use Act . Th i s  act 

specifies 'i::h at N at ional Forest l&!',ds shall be managed to 

produce a sust a ined yie ld of r.esource cwm.modi tie3 . Ily not 

pe ::mi tting the c7e rd :rafting o f  the the rmal aq ui fer , the Fore s ::. 

could &pply the s ust ained yie l d  ::on.cept to �he p!'o-

dl.l,ction c,f electri cal ene rgy from the thermal aquife r .  Santa 

I I 

) 
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Clara Pueblo may wish to encourage the Fore st Service to 

adopt thi s  line of logic with respect to the thermal aquifer 

res ource . 

COMMENT 5 

Alte rnate number 1 ,  the no- leas ing alternate , should 

have been considered for a reason not listed on page 82 of 

the EIS . The no-le as ing alternate would have been prudent 

i f  an unacceptable trade-off e xists between the quantity o f  

wate r which would b e  consumed b y  potential thermal energy 

pro j e ct s  and the quantity of e lectri cal energy whi ch would 

be produced . The Forest Servi ce should have cons idered the 

values involved in this trade-of f . I f  the analysis indicated 

that the value of water was g reate r than the value of e lectri

cal energy which might be produced , adoption of the no- leas ing 

option would have prevented waste of , or damage to , other 

res ources which will occur as a res ult of thermal exploration 

activities . 

COMMENT 6 
On page 62 it i s  stated that e arthquakes can res ult from 

hydro logic lubrication o f  a fault line but that thi s  is not 

likely be cause drill log s  will de tect faults and that these 

we lls wi l l  then not be used for reinj ection . The prob ability 

that me chanical logs will a c curately detect faults in a geo

logi c section dominated by ash falls and ash flows is remote . 

OIOLOOICAl "'VICES Of TULSA 
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COl-!MENT 7 

Active faults and seismicity are ment ioned in several 

place s in the document bu t no his tori cal data are presented . 
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D RAFT ENVI RONMENTAL IMPACT STATEMENT FOR 
- . 

GEOTHERMAL DEMONSTRAT ION PROGRAM , 5 0  MWe POWER 

PLANT , BACA ��CH , NEW MEXI CO , 1 9 7 9  

As a re sult o f  our review of this draft E I S , we have 

identified s i x  maj or i s sue s  of concern : 

1 .  The conclus ions i n  the draft EIS al e often not based 
upon adequate data . 

2 .  The choi ces of units and measures emp loyed in the 
assessment indi cate a lack of hydro logic expertise 
on the part of the peop le making the assessment . 
An adequate assessment requi res thorough involvement 
by peop le w i th profess ional expertise in the techni
ca l fie lds involve d .  

3 .  There are maj or water rights i s s ue s  invo lved in the 
proposed proj ect . The proponent has ignored this 
i s sue by making i l logical hydro logic as sumpt ions 
whi ch are unsupported by d ata . 

4 .  The que s t ion of whethe r the upper part of the Bandalier 
Tuff i s  an aqui clude or an aquitard is of vital im
portance . The proponent inc lude s s ome data indicating 
th at s ub s tanti al water flow would occur from overlying 
uni ts into the th ermal aqu i fe r  with dewatering of 
the therrr.al aqui fer . However ,  e lsewhere in the draft 
EIS , the proponent s ays the re would be no recharge . 
Thi s  is a se lf- serving a s s umption lack ing both a 
fact ual and logi c a l  bas is . 

'the proposed proj ect would trade the consumption of 
wate r for the production of energy . The draft E I S  

w'CLO�ICAr. StRV'CU O �  TULSA 
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does not determine the value of the water which would 
be consumed by the proposed p roj ect . Thi s  value may 
exceed the worth of the energy which would be pro
duce d  even i f  the pl ant funct ioned as proposed . 

6 .  The document doe s not s atisfactori ly addres s  the 
r ami f i cations of ful l-scale ( 40 0  MNe ) development 
i f  the pi lot pro j e ct is found to be commerci ally 
feas ible . The financial proj ections of Union Geo
thermal Company and Public Service Company of New 
Mexico are almost certainly based on ful l  deve lop
ment . 

COMMENT 1 

There appe ar to be serious wate r rights problems in con-

j unction wi th the proposed proj ect . We h ave no legal exper-

tise in wate r rights , yet wate r rights issues involve both 

legal and hydrologi c cons iderat ions . The re fore , we wi ll 

outl ine the hydrologic conditions as we see them to help 

the attorneys involved in their cons i deration of the matter . 

The proposed 5 0MW plant would extract approximate ly 

9 , 66 5  acre feet of wate r per year from geothermal supplies , 

and would re- inj e ct approximate ly 6 , 8 56 acre feet of water 

( values derive d  from page 2-2 5 , draft EIS ; other pages of the 

report give s li ghtly different values ) .  A tot al of 2 , 8 0 9  

acre feet o f  water would be consumed per year by the s ingle 

proposed plant . 

The proponents propose to ope rate the 5 0MW pl ant wi th 

an a nnual water right of 15 . 9 3  acre feet . Based upon our 

pre liminary hydrologic as sessment of the proposed proj ect , it 

is our conc lus ion th at thi s  water .ri ght is insuffi cient to 

GEOLOGICAL InVI C E S  Of TULSA 
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cove r the hydrologic impacts of the proposed proj ect on other 

water users . In the following paragraphs , we have cons idered 

five s eparate water right quantitie s which might be appro

priate for the propos ed proj ect ; th is consideration include s 

the 15 . 9 3 acre feet suggested by the proponent .  Again , our 

emphas i s  i s  on the hydrologic ( rather than the lega l )  s uit

abi lity of e ach of the pos sible quantities of wate r right . 

Annual wate r right of 9 , 6 6 5  acre feet 

Thi s  volume represents the annual �ount which would 

be e xtracted for a benef icial use ( in this cas e energy 

product ion ) . Water rights in the western United State s are 

general ly based upon the quantity o f  water extracted , and a 

credit against the extraction volume is commonly not given 

for return flows . However , return f low credit might be 

given i f  the quality of the return flow wate r was e s sentially 

the s ame as the quality of the water whi ch was e xtracte d .  

This is not the case at the proposed power plant , s ince about 

2 9 %  (proponent calculates 2 7% ) of the water extracted i s  

evaporated .  Because o f  the evaporation , the concentration 

of total dis solved solids in the return flow water ( in j ection 

water ) is about 2 9 %  greater than the concentration in waters 

e xtracted from the ground . 

The water to be extracted i s  of ·poor chemical quality 

for drinking water or agricultural purposes . Page 4-12 of 
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the report indicate s that the me an  concentrat ion o f  total 

diss olved solids is 6 , 0 9 3  mg/l ( or parts per mil lion , ppm) . 

The U . S .  Environmental Protection Agency proposes c las s ifi

cation of underground wate rs having less than 10 , 0 0 0  ppm 

total dis solved solids as drinking water ( Reproposed Rules 

for S tate Unde rground Injection Contro l Programs , Fede ral 

Regi ster Vol . 4 4 , No . 78 , pp . 2 3 7 3 8- 2 3 76 7 ) . The 10 , 0 0 0  ppm 

total dissolved sol ids concentrat ion limit is found on pages 

2 3 7 4 2  and 2 3 7 4 3 . 

The State of New Mexico or other federal agencies may 

h ave de finit ions o f  drinking water whi ch would exclude the 

Baca thermal waters ; however , our point is that the quality 

of the water ,  whi le not good , is not so poor as to automati

cally e xclude it from all uses other than geothermal ene rgy 

production . 

Annual wate r right of 2 , 809 acre feet 

Th is volume represents the volume of water wh ich would 

be consumed through the operation of the proposed p lant . This 

is also the volume of makeup water which would need to be 

inje cted into the the rmal aqui fer to prevent overdrafting of 

the groundwate r system . 

On page 9 - 1 3  o f  the report the s tatement i s  made that 

geothe rmal deve lopers considering ope rations at the Heber 

site in California would be required to inj ect a volume of 
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fluid equal to tha t wi thdrawn . This is a prudent requirement 

to insure long term productivity of geotherma l re sources as 

well as to insure that geothermal developments do not dep lete 

s urface wate r or groundwaters already alloc ated to other 

users . 

Annual water right of 2 , 0 5 6  acre feet 

U se of an alternate cooling system design would require 

the use of 2 , 0 5 6  acre feet of non-thermal water per year (page 

9-2 0 ) . The EIS s tates that thi s would be lega l ly imposs ible 

because wate r rights are alre ady appropriated . Howeve r ,  i t  

should b e  noted that thi s  des ign would conserve about 750 

acre feet o f  water per ye ar ove r the de s i gn proposed in the 

draft EIS . In a reg ion where all water rights are appro

priate d ,  a l l  wate r evaporated are lost to other wate r use s . 

Furthermore , because o f  return flow ,  s ome water can be use d 

more than once ; once water i s  evaporated , i t  cannot be used 

again . 

It i s  our view that the draft EIS i s  de ficient in not 

conside ring the impacts of the propos ed selection of a cooling 

system which is not the most wate r e f ficient . Based upon data 

on pages 4-18  and 4-19 of the dra ft EIS , irrigated cropland 

near the Jemez Rive r in San Diego Canyon requires a water 

right of approximate ly 1 . 1 4 acre feet of wate r right for each 

ac re irrigated . Conservation of 7 5 0  acre feet of water per 

year would permi t the continued use of about 6 5 8  acre s 
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of i rri gated land along the Jeme z River . This is a s ign ifi

cant impact . 

Annual water right of 3 12 acre feet 

Based upon data inc luded on page 6 - 1  of the draft E I S , 

this value represents the mean annual rate of groundwater 

re charge to the ove rdrafted thermal aquifer . Th is recharge 

wou l d  cause divers ion of shal low groundwate rs and surface 

wate rs f rom the ir present flow patte rns into flow patterns 

whi ch would re charge the depleted thermal aqui fer . As a 

re sult , thi s re ch arge represents a diversion from pre sent 

s urface and shallow groundwater supplies of 3 1 2  acre feet 

of wate r pe r year for an anticipated period of 2 7 0  years . 

The proposed r ate of extract ion o f  geothermal waters 

( 9 , 6 6 5  acre feet per year) is far more rapid than the mean 

rate of groundwate r re charge to the thermal aqu i fer as anti

c ipated by the proponent (pages 6 - 1 ) . As a re sult of this , 

pre s s ure s on re charge waters would vary significantly wi �� 

time , and the annual quantity of groundwate r recharge woul d  

sometime s be larger than 3 12 acre feet . The largest quantities 

of natural re ch arge to the thermal aqui fe r would occur near 

the end of the 30 year life span of the pro j e ct .  

The proponent does no t inc lude in the dra ft E I S  an expla

nation of how this natural re charge rate was calcu l ated . Th is 
• 
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dat a should h ave been inc lude d . Tne na.tuh of the re charge 

areas is described on page 3-5 3 :  

· Ul timate recharge areas for the Va�les Calde ra geo
thermal sys tem are probably the s ame as tho se for the 
shal low groundwate r sy stem . Isotope data show a meteoric OL i. -.J '-r. of undertermined age (Union Oi l Co . , 19 7 8 ) . 
Groundwater ocntained w ithin the Valle s  Ca ldera aquife rs 
s lowly recharges the geothe rma l s y stem at depth by leak
age through confini.ng laY&rs such as the altered cap
rock and by pe rcol ation downwar� �rou9h j oints , frac
tures , and fault zones . The recharging wate rs move 

. 
downward and l ate rally through the geothermal re servoir . 
During thei r re s i dence , the meteor ic waters a re chem
ically altered by wall-rock and perhaps j uvenile water 
contribution and are heated by the underlying magma 
body . " 

Estimation of the annual rate of groundwater recharge 

to the thermal aqui fer a fter the s tart of pumping will require 

a substantial amount of geologi c and hydrologic work . This 

is di s cussed e ls ewhere . However , in view of the existing 

data inc luded with the draft ElS , we anti cipate that annual 

re charge rates resulting from the propos ed project frequent ly 

wi ll be larger than the 3 12 acre feet per year value included 

in the draft E lS . We emph as i ze that thi s recharge would be 

produced f rom wate rs in shal low groundwate r and surface water 

s uppl ies . 

Annual water right of 15 . 9 3  acre feet 

This is the proponents sugge st ion ( see pages 4 - 18 through 

4-20 of the draft ElS ) . This estimated volume is in con flict 

wi th s tatements and estimates made elsewhere in the draft E I S  

( in part icular , pages 3-5 3  and 6 - 1) • Furthe rmore , the estimate • 
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of 1 5 . 9 3  acre feet as the quantity needed to offset water 

quantity impacts i s  based upon faulty te chnical logic . 

On page 4-19 th e proponent state s : 

·The shallow g roundwater system should not be impacted , 
since ( 1 )  fluids will neither be withdrawn nor inj ected 
into shal low aqui fers and ( 2 )  sha llow aqui fers wi l l  be 
protected f rom surface infi ltration by the use of im
permeable pits ( sumps ) with high freeboard to contain 
vented and/or drill ing fluids . "  

The proponent neglects to cons i der the quantity of in-

duced re charge resulti ng from the extraction of water f rom 

the thermal aqui fer . The proponent recogni zes that induced 

recharge wil l occur (see p ages 3-5 3 and 6 - 1  of the draft EIS 

and the above dis cuss ions on an annua l water right of 3 12 

fee t ) . 

The proponent ' s  estimate of annual water con sumpt ion 

o f  15 . 9 3  acre feet i s  poorly documented on pages 4 - 1 8  through 

4-2 0 . It appe ars , however , that a "best fit" stre amf low 

depletion analysis was conducted , and provide d the basis for 

the derivation of this value . We fail to see the technical 

applicab i lity of this te chnique (parti cularly when used under 

non-pumping condition s ) to the quest ions at hand . 

The proponent ' s  suggest ion that their proposed actions 

would reduce sur face flow by 15 . 9 3  acre feet per year shows 

a total lack o f  understanding of the hydrologic d i f fi culties 

involved in dete rmining quantitative impacts o f  land use ac-

tions on surface streams . On page 7-2 of the draft EIS , the 
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statement is made that Union must demonst rate to the New 

Mexico State Engineer ' s  Offi ce that they control s ufficient 

irrigated land to retire water rights equal to the amount 

of impairment detected by mon itoring stre ams . Let us con

s ider the techn i cal feasib i l ity of this approach . 

Any method of flow dep let ion e stimation used must in

sure that existing water rights are not j eopardized by under

estimation of the quantity o f  wate r lost from the surface 

sys tem . The nearest long-term stream gaging station wh ich 

could be used to assess the quant itat ive hydrologic impacts 

of the proposed proj ect is on the Jemez River at Battleship 

Rock . Based upon data on pages 3 - 4 0  and 3 - 4 1  of the draft 

EIS , the mean annual flow for this station .veraged 30 cubic 

feet pe r second ( cfs ) for the period from 1 9 6 0  to 1 9 7 5 . 

Annually , thi s  value ranged from 16 to 6 5  cfs . 

In mountainous terrain ( such as the area in ques t ion ) , 

p r.ecipitat ion , evaporat ion , transpiration , sub limation , and 

water detainment as soil moisture s torage vary widely from 

point to point . In such an area , pree5 �tion o f  streamflow 

through hydrologic model s  is sub j ect to great errors (par

ticularly when one looks for short-te rm changes ) .  Calculated 

streamflow ( us ing hydro logic mode ls ) is commonly 10 or 20 % 

different from the actual quantity of s treamf low measured . 

Changes in the water f low of the Jeme z Rive r at the Battleship 
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in his planning . The proponents apparently own and would 

wi l lingly re t ire water rights for only 50 acres of irri gate d 

farmland . It i s  our conc lus ion that thi s represents only 

a tiny portion of the water right whi ch would need to be 

retired to offset the water quantity impacts of the proposed 

proj ect . 

SUMMARY OF COMMENT 1 

Pages in the draft EI S which relate to water rights and 

groundwater re charge of the thermal aqui fer are as fol lows : 

1-2 , 1- 3 , 2 -2 4 ,  2-2 7 ,  3- 3 3 , 3 - 3 4 , 3- 3 8 , 3-40 , 3- 4 1 ,  3 � 4 7  ti� 
3-5 4 , 4 - 1 2 , 4 - 1 8  through 4 -2 2 , 4-6 5 , 6 -1 , 7- 1 ,  7-2 , 9 - 1 3 , and 

9 -2 0 . 

Based upon hydrologic considerat ions a lone , requiring 

a wate r  right of 9 , 6 6 5  acre fe et per year for the ope ration 

of the proposed plant appears more res trictive than is neces

sary to prote ct o ther water users . We be lieve that requiring 

a wate r right of 2 , 80 9  acre feet per year would be a more 

reasonable approach if thi s volume o f  wate r were actual ly 

inj e cted into the thermal aqui fe r .  We re alize that the loca

tion of the site would create s i gnifi cant problems in the de

ve lopment of adequate water s upply s ources . Furthermore , 

such requirements would probably make it more diff icult to 

const ruct addi tional geothermal power plants in the area . 
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From a hydrologi c viewpoint , the minimum amount of 

water right which should be held by the proponents of the 

pro j ect should be equal to the maximum rate of groundwater 

recharge expected to be induced by the propos ed proj ect . 

The proponents have not determined this quantity , but based 

upon data presently available , we believe it represents 

substantially more than 3 12 acre feet per ye ar . Our proposed 

s tudies wi ll help determi ne this quantity . 

The final environmental statement prepared by the U . S .  

Fore s t  Service for geothe rmal le as ing on S anta Fe Nat ional 

Fore s t  lands inc ludes t h e " following statement ( page 3 0 ) : 

" In a statement made at a public meeting on a geotherma l 
leas ing , a spokesman (l-lr . Donald Eugene Gray ) for the 
State Engin e e r s  Office commenting on water rights s aid , 
' It it the State Engineer ' s  pos ition that in the Val le 

Grance area there is an inte rfingering of format ions 
and all are inte rconnected and hydraulically conne cte d ;  
th at a l l  formations are one hydrologic un i t ;  and that 
the appropriat ion of wate r ,  either in gaseous or liqui d  
state , wi l l  h ave s ome e f fe ct o n  th e  Rio Grande Stream 
system and that is wil l be necess ary for the appropriator 
to offset that effect so th at existing rights wi l l  not 
be impaired . 

I f  the appropriator takes exception to this posi tion , i t  
wi ll b e  his burden to show that the appropri at ion wi l l  
not have an e ffect o n  the stre am system ' . "  

On pages 7- 1 and 7-2 of the Department of Energy draft 

EIS , the statement is made that the commercial partners of 

the venture have re ached tentative agreement with the New 

Mexico State Enginee r ' s  Office regarding the potential for 
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s urface stre am  f low impairment caused by stre am  withdrawls 

f rDm the reservoir ( thermal aquifer) . This i s  apparently 

based upon the 15 . 9 3 acre foot per year volume whi ch we have 

already dis cussed . The draft E IS further states (page 7- 2 )  
, 

that Union must demonstrate to the New Mexico State Engineer ' s  

Office that they control sufficient irrigated land to retire 

water right s equal to the amount of impairment dete cted by 

monitoring of streams . Based upon our understanding of the 

s ituat ion , thi s should have presented a difficult hydrologic 

problem for the proponents of thi s  power p lant . 

COMMENT 2 

The proposed proj ect would induce groundwate r re charge 

of the the rmal aqu i fe r .  This induced recharge would affe ct 

wate r s upplie s in overlying groundwater sys tems by depleting 

these waters and by alte ring f low route s .  Recharge of the 

thermal aqui fer by more sha.llow acqui fe rs would result in 

more groundwater recharge occurring from the surface of the 

land . This would re sult in a decrea se in the quantity of 

surface runoff from the area . 

In addition to impacts o� other water users , less surface 

water f low would affect aquatic life and non-consumptive uses 

of the streams of the area . These impacts we re not assessed 

in the dra ft EIS . 
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The geologic and hydro logic work whi ch Geo log i cal 

Services of Tul sa has proposed wil l help as sess the impacts 

of the proposed pro j e ct on the surface wate r and shal low 

groundwate r supplies . Based upon our pre sent understanding 

of the situation , we be lieve that the proposed proj ect wi ll 

induce s ubstant ial groundwater recharge , and that thi s  wi ll 

have very s igni fic ant impacts on surface waters and shal low 

groundwate rs in the are a .  Th ese impacts wi l l  extend sub

stantially beyond the area to be occupied by the proposed 

deve lopment .  Our proposed work wi ll identify as accurate ly 

as pos s ible the area wh ich will be impacte d by the proposed 

proj ect . Such as as ses sment was not made by the proponent , 

although we be lieve it should have been and that it should have 

been inc luded with the draft E l S . 

COMMENT 3 
The proponent proposes to extract thermal wate r from 

1 4  to 1 7  we lls , and to inj ect cooled water through three 

non-producing wel ls ( see page 2- 8 ) . The ratio of e xtraction 

to inj ection we lls seems high ; we should cons ide r the re ason

ableness of this rel at ionship in our future work . Our con

cern is that an inadequate number of inj e ction we lls could 

lead to poss ib le catastroph ic fai l ures with re sult ing dis

charge to surface waters and/or shallow qroundwaters . Furthe r

more , we wonde r why tpe we lls to be used for i n j e ct ion were 

not suitab le f or extracting waters from the therma l aqui fer . 

OIOLOGICAL IIiVICU O F  TULSA 

- 2 1-



J-7 1 

COMMENT 4 

Some numerical values for the same fe ature vary from 

one part of the report to anothe r .  For e xample , on page 

1-2 , the volume of the reservoir fluid is shown as 4 x 10
12 

pounds of fluid . On page 3 - 3 3 , the value is shown as 4 . 7 X 

1 0
1 2  

pounds o f  fluid . For purposes of uniformity , we have 

used the l atte r value . The total wate r consumption of the 

pl ant also varies from one part of the report to anothe r ;  

for purposes o f  un i formity , we h ave used va lue s on page 2-2 4 . 
Although the di ffe rences are generally smal l ,  and are un

doubte dly less than the error the the estimates , it would 

he lp reviewers if values were uni form throughout the document . 

I t  would also h ave he lped reviewers i f  more conventional 

units were used to e xpre s s  water quantities ( for example , 

acre feet of water rather than pounds o f  water ) . Non- conven

tional units tend to obs cure the signi fi cance of the quanti

t ie s  involve d unle s s  the reviewer conve rts all the units . I n  

addition , the sporadic use of metric units ( some times with and 

sometimes without English equivalents ) was not of much help 

to reviewers , and tended in increase numerical e rrors in the 

report . As an e xample , it was intere sting to note (page 4- 1 )  

that diesel trucks and he avy cons truction machinery e n  route 

to the proj ect site would pas s le s s  than 3 0 0  km from some 

res i dences in the area . The typist and pro of reader probably 

did not real i z e  tha t thi s  equals 1 8 6  �i les . The write r prob

ably had 1 , 0 0 0  feet in mind for this value . 
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Rock gaging station would need to exceed 10 to 2 0 %  of total 

f low ( or 3 to 6 cfs ) before ch anges in the flow regime 

could ( in the short term) be attributed to the extraction of 

water from the thermal aqui fer . Three to s ix cfs represents 

2 1 7 1  to 4 3 4 4  acre feet pe r year . 

The proponents proj ect would res ult in a net extraction 

of 2 , 8 0 9  acre feet of wate r per year from the thermal aquifer . 

Even i f  a l l  o f  this water were repl aced by induced groundwate r  

recharge from s urface streams , this quantitative change would 

( in the short run ) either be undetect ab le or only margin ally 

de tectable at the Batt lesh ip Rock gaging station through the 

compari son o f  p redicted flow with actual gaged flow . Since 

the actual quanti tat ive impacts coul d we ll be le s s  than 

2 , 80 9  acre feet per year , changes in s tre am flow would be 

statistically undetectable for a number of years . I t  could 

wel l  require 20 or 30 years of detai led data to show that 

the power plant operation had caused a de crease in stream 

flow of about 1 , 0 0 0  acre feet per year . I f  water rights are 

fully appropri ate d ,  this is an unjus tifiab le .period of t ime 

to wait for a dete rmination o f  the quantity of wate r which 

was diverted by the proposed power p l ant . 

I t  is our conclus iol1 that the proposed proj ect wi ll have 

an impact on total water quantity many t imes greater than the 

15 . 9 3 acre feet per year which the proponent has acknowledged 
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The statement is made on page 2- 2 8  that wel ls dril led 

into the the rmal aqui fer will be abandoned us ing standard 

we ll abandonment practices . The "standard " practices which 

we have seen in the past are not always s ucce s s ful , and some 

of them. are not appropriate to chemi cal ly aggre ss ive the rmal 

wate rs . 

The abandonment practices should be de scribed . The 

1ikal.i � o od of leakage or fai lure of the sea1 ings should be 

dis cus sed , and the impacts of such fai lures should be assessed . 

COMMENT 6 

The proposed geothe rmal energy proj ect involves cost-

sharing between the Department of Energy and private firms ; 

the f i rms and s ite we re selected by DOE as a result of a 

Program Opportuni ty Notice ( PON) i s sued on September 30 , 1 9 7 7  • 
• 

One o f  the specific obj e ctives inc luded in the PON ( s ee page 

2-2 of draft E I S )  was to demonstrate the val idity of re ser-

voir engineering es timate s of re servoir productivity ( capa-

bi 1ity and longevity) .  Thi s  obj ective could not be met with-

out accurate calculations based upon adequate data . Based 

upon estimate s found in the draft EIS , we quest ion whether 

this proposal meets the obj ect ive . 

The thermal aquifer is de scribed ( page 3- 3 3 )  as be ing 

primarily in the pumi cey basal port ions of the Banda1ier Tuf f ;  
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these portions are de s cribed as being 1 , 0 0 0  feet th ick . On 

page 3 - 3 4 , the statement is made that the re servoir i s  not 

res tricted to the Bandalier Tuff , but extends to depth in 
• 

underlying vo lc anic and sedimentary rocks . On page 3- 3 3 , 

the are a  underlain by the thermal aqui fer i s  calculated to 

be 4 0  square mi les , and the estimated volume of water in the 

aqui fer i s  calculated to be 1 . 7 3 mil lion acre feet . On 

page 4-2 2 , the poros ity of the aquifer is presumed to be 

10 % • 

Some (or al l )  of the above values are incorre ct . An 

aqui fer with an areal extent of 4 0  square mi les and a 10 % 

poros ity would have 1 . 7 3 mi llion acre feet o f  wate r s torage 

i f  i t  were 6 75 feet thick . However ,  according to the draft 

EIS , the aqu i fer is substantially thi c�e r than thi s . S ince 

the derivation of values is not given in the report , all 

we can te l l  in our review i s  that at least some of the values 4 

are in e rror (or pos sib ly val ues wh ich were not explaine d 

were used in the calculat ions ) .  Perhaps the value re lates to 

the volume of wate r which could be yielded to we lls rather 

th an the actual volume o f  wate r in the aquife r .  

S�� of the uni ts and me asures found i n  the hydrologic 

port ions of the draft EIS are different from those commonly 

used in the practice of hydrology , this indicates that ex-

perienced hydrologists have not been adequately involve d in 

the assessment of impacts . For example , water extraction rates 
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are often given in pounds per hour rather than cubic feet 

per second . The volume of water in the thermal aqui fer is 

expres sed in pounds rather than acre fee t .  Good asse s sment 

work requires profe s s ional evaluation . 

I n  calculating the volume of water in the the rma l aqui fer 

and the potenti al l i fe of the aqui fer under f ully developed 

use ( see page 4-6 5 ) , calculations are based upon porosity . 

Porosity i s  a measure o f t he :pore space wi thin the aqui fer ,  

and i s  an important parameter . However , wate r  can be extracted 

from only a port ion of this pore space ; thi s value should 

h ave been determined in orde r to calcul ate the rate of 

reservoir dep let ion . According to the report , the primary 

aqui fer consi sts of the pumicey basal portions of the Bandalier 

Tuff . I� such a mate rial , we would anticipate that a sub

stantial amount of the porosity would not yield water to wells . 

COl-lMENT 7 

The proposed pro j e ct would result in the annual evapora

t ion of approximately 2 , 8 0 9  acre feet of water for 3 0  ye ars . 

Thi s  evaporation wou ld ult imately result in an equal decrease 

in the quantity of water in shallow groundwater and s urface 

wate r suppl i.e s . Data inc luded in the draft EIS is inadequate 

to determine the rate at which this decrease would be de

tectab le on the surface , yet it is obvious th at there would 

ultimate ly be an equal volume trade-of f .  
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The draft EIS should have compared the value o f  the 

e lectrical power re source wi th the value of the water re

s ource which would be consumed by the proj ect . Based upon 

data in the draft E I S , 2 , 8 0 9  acre feet o f  water is consumed 

to produce each 3 2 0  million killowatt hours o f  electric ity . 

At a value of 2 cents per kwhr . ,  an acre foot of water would 

produce a commodi ty with a wholesale value of $2 , 2 9 0 . When 

used for agricultrual purposes , the wholesale value o f  the 

commodity produced by an acre foot of water might equal or 

exceed this amount .  A detailed calculation and cons ideration 

of thes e  costs is beyond the scope of our work , yet we be

l ieve that suc h ca lculations should have been included in 

the draft ElS . 

The Department o f  Energy proposes to trade water and other 

natural resources for electrical energy . The Department o f  

Energy has failed t o  s how that such energy i s  needed , an d  has 

failed to show that the value of this energy j ustifies the 

consumption of water resources and the degradation of other 

natural resources . In reality , the purpos e o f  the proj ect 

i s  not to , qenerate electricity , but ins tead to demonstrate 

that it can be generated through the use of an incompletely 

proven techno logy . In view of the proven value of water re

sources in the State o f  New Mexico plus the values of other 

natural re sources ,in the area , it is our conc lus ion that the 
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proposed project is not a prudent use of natural resources .  

An adequate EIS would have made this apparent . 

COMMENT 8 

Very l ittle documentation is pre sented concerning seis

mic events in the area of interest . The statements made on 

page 3-27 are confusing and subj ect to diverse interpretations .  

I f  increased seismic activity is a pos s ible adverse impact o f  

geotherma l development , then rel iable baseline data on seis

mic activity is needed . 

COMMENT 9 
The surface water monitoring system to be instal led need� 

p-laboration . A system ( 1 1-6 ) which monitors water velocity , 

discharge , temperature at interval s  greater than once a month 

seems less than adequate to us . 

COMMENT 10 
The summary ( 1- 1 )  states that DOE has contacted tribal 

repres entative s and exchanged information on the proj ect and 

the religious significance o� and ?Otential impacts on , American 

Indian lands nearby . During our meeting on October 15th , 

Santa Clara representatives repeatedly empha sized the religious 

importance of certain hot springs and other geographic/geo

logic features to the ir culture . These areas are not identi

f ied in the draft statement and there is little indication 

that the DOE has given the subj ect any attention . 
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COMMENT 11 

I t  i s  s tated o n  page 2-1 that thi s  i s  to b e  a demonstra

tion p l ant to d emonstrate the rel iability , economic feasibil ity 

and environmental acceptabil ity of electrical generation from 

g eothermal resources . If this is a demonstration proj ect , 

then the assessment shou ld be e specially complete . I t  is 

a l so s tated ( 2-1 ) that the potential consequences o f  further 

commerc ial development of geotherma l energy , beyond 50 MWe 

( to 4 0 0  MWe is indicated el sewher e )  wil l  be discussed in the 

draft in a general way . It may reasonably be a s sumed that i f  

the demonstration proj ect i s  feasible then full commerc ial 

development o f  the Val les Caldera will become a fact . For 

thi s  reason , we believe that the DOE document should address 

in detai l  the impact of full-scale development . 

It wil l be erroneous to a s sume that the deleterious 

e f fects of a 4 0 0  MWe ?lant will s impl y be 8 times tho s e  o f  

a 5 0  MWe plant . A thorough analys i s  i s  needed to a s s e s s  the 

effects of losing 6 , 0 0 0 , 0 0 0  lbs/hr of geothermal fluid from 

the hydrologic regime and the release of 4 0 0  lb/hr of hydrogen 

sul fide to the atmosphere . 3 , 50 4 , 0 0 0  pounds o f  hydrogen sul

fide released to the atmosphere each year i s  a problem wort.hy 

of more than pass ing comment . Will th is cause acid rains 

which i:1 turn may leach nutri ents from the soils and have an 

adver se e f fect on farming in the r egion? I s  the DOE assuming 

OtOLOGICAL ... ..,,,::u 0' VUUA 
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that ful l-scale development from 50 MWe to 4 0 0  MWe will in

crease adverse effects by only a factor of 8 ?  Thi s  is an 

erroneous a ssumption . Many o f  the adverse effects can be 

expected to rise exponentially rather than �rithmetically . 

Not enough data i s  presented in the document to satis fy any 

impartial reviewer a s  to how much geothermal development 

your area , wi th exi sting cultural patterns , wi ll tolerate . 

OIOLOGICAL IIIVICIS O. TULSA 
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NATIONAl. PRESS BUIl.DING " WASHINGTON, D.C. 20045 (202) 638-42 
Thursday, August 16, 1979 Volume"7, Number 151 

New Mexico Geothermal Project Threatened By Hydrogen Sulfide Standard 

After seven months of haggling, " 
Public Service Company of New 
Mexico (PNM), Union Oil Co. and 
the federal Department of Energy 
fiDally signed wt week a formal con
tract to build a 5124.6 million SO
Inegn.watt demonstration geothermal 
power pln.bt In the scenic Jemez 
Mountn.ins 60 mites north of AI
b"uquerque. Jt Is belie\ocd that the 
site's geotbermn.l resources could 
jenerate 400 megawatts of power for 
30 JUts. and it is only one of an 
estimated six or eight potential ge0-
thermal sites in the state. 

" HoweYer, on Friday PNM told the 
st�tc's Endronmeotal Improvement 
Bo:ml that the demonstration plant 
.. ill not be built unless New Mexico's 
strict hydrogen sulfide emissions 
st:\nd:lrd is modified. According to a 
ft«nt fcdcrn.l en\ironmental impact 
statement, the ufility noted, the 
$late's current H2S standard of three 
psn..� per bUllon (ppb) would allow 
l':Ily a single SO MW c plant at the 
Jc�e7.. Mountllins site . 

• 'NM and Union Oil "are "llot 
,,"il1 i !lg t., build 50 mccawatts unless 
,, � can built) more," A utility sp()kcs
-om:tn e"rJ:\im:d. " NM's interest in 
.hl!" I'fl'icct " i� not ju .. t t(l give scknce 
:a h.:ll1inr. Ia:md" Wc·r.: in it to sell 
�1t:�tricitJ'" :md Unil)/1 is in it to �dl 

• 

steam" to the power plant that PNM 
will build and operate. 

Hydrogen sulfide "is not n. "health 
hazard, but a nuisn.nce odor," she 
said. ··How much is too much? It's a 

"question of aesthetics . • •  Unless the 
state of New Mexico is .. "ilIing to 
compromise, there won't be any geo
thermal development in the state, 
because if we can't build, no one else 
will be able to build," PNM hn.s 
., .. ithdrawn the construction applica
tion it had filed .. ith the state and 
does not intend to resubmit it until 
the hydrogen sulfide issue is re
solved. 

New Mexico environmental of
ficials, for their part, scheduled a 
September 13 hearing on the H2S 
sblndard and have indicated that 
a1terations may be forthcoming -
though not lIecessarily as great as the 
.tHit)' would like. "On the one hand, 
we would like to encourage geo
thermal development," Cubia Clay
ton, deputy director of the state's 
Environmental Improvement De
partment, sn.id on Wednesday. "On 
the other hn.nd, a lot of this would be 
occ:urring in areas of high recre:l· 
tional value to the state, We mllst try 
t6 find a level" that meets both 
Deeds, 

With tourism the third leadin� in
dustry in New Mexico, .. it gets to be 
a lIice littl.: rrohll:m, ,. Clayton s:\id . 
6'1'm not sure exactly how it works 
out, though ill the past wc'vc gen· 
erally been :able to strike a reason· 
ahle b:\I;llIcc:' In 1 973, he recnllc:d, 
stAtc offici:lls Alt�r"d the hydrog�n 
sutricle st:tnc!:\rd to 100 rpb in the 

oil- and gas-rich Pecos-Permian 
B:lsin in New Mexicc's southeastern 
comer, although the stn.ndard has. 
since been "tightened to 30 ppb in nnd 
around municipal areas. Clayton 
�lso noted that some geothermal " 
areas, including PNM's site, ha\'e 
sulfur springs which by themseh-es 
push the 6'natural ambient level 
probably abo\'e the " "state [H2S} standard." 
" One reason that Clayton terms tMs 
problem "a toughie" is that "odor is 
hard to quantify. You can't measure 
it with an instrument like other air 
pollutanb. It's so subjective." Ac
cording to Clayton, there is some 
(though 1I0t decish"e) e"idence thot 
an "2S le"\"el of 30 ppb is abo,"e the 
"odor threshol,d" for 10 percent of 
the popul:ltion - ."ho would be able 
to smell but Yo'ould Dot be o\ocr
.."helmed by tbe Aroma - though not 
lor the remaining 90 percent. In 
some IocAlI jurisdictions, Clayton 
added, hydrogen sulfide emissions 
are judged by "odor panels" or 
citizens who snin" and decide how bad 
it is. 

According to state orticials, PNM 
has suggested that the present st:tnd· 
ard of three parts per billion (on a 
one-bour a\-erage) be "  changed so 
that - within :l 10·mile rAdius of 
geothermn.1 sites - SO ppb couldn't 
be exccedcu more th:m three times a 
day and 140 ppb couldn't be ex
ceeded m()re th:tn twicc a year (hotll 
as one·haur o\"&:r:tges). The st:ttc·s 
F.miranmcnt:\l Improvcment De
partment st:lff pl:tn� to coun ter with 
its �wn pro"o�:'1 early next month. 

------ - . 
AttachJrent H - . 
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TESTIMONY OF C .  D .  BEDFORD 

Q .  PLEASE STATE YOUR NAl'IE AND PRESENT OCCUPATION . 

A .  My name is  C .  D .  Bedford and I am a Vice Pres i dent o f  Pub l ic S e rvice 

Company of New Mexi co (PNM) . 

Q .  HOh� LONG HAVE YOU BEEN E�1PLOYED BY PNll? 

A .  Since 1963 . 

Q .  "''HAT I S  YOUR EDUCATIONAL
·
AND PROFESSIONAL BACKGROUND? 

A .  
• 

I received a Bachelor of Science degree in Elect rica l  Engineering from 

Virginia Po lytechnic Ins titute in 1962 . · From 1962 to 1964, I attended 

gradua te s chool at the University of New Mexico . I am a Regis tered 

Profes s iona l Engineer in New Mexi co and a member of the Na tional Society 

o f  Pro fe s s i ona l Engineers (NSPE ) and the Institute of E lectrical and 

E l ect ronic Engineers (IEEE ) . 

,.. 

Q . WOULD YOU SUl1t-lARI ZE YOUR PROFESSIONAL EXPERIENCE? 

A .  My wo rk experience i s  shown on Appendix A ,  a tta ched . 

Q .  WHY HAS PNN REQUESTED THAT THE NEW MEXICO ENVIRO�ltENTAL niPROVEMENT BOARD 

AMEND REGULATION 2 0 1  CONCERNING THE HYDROGEN SULFIDE STANDARD? 

A .  pmI , along with Un ion Geotherma l Company o f  New �Iexi co , a whol ly-owned. 

subs i d i a ry of Union Oil  Company o f  Ca l i fornia (Union) , and the Uni ted 

.. .... ...'- - � .  , .  - --- . , ...... 

Atta,chment I 

- , 

- . 
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States Department o f  Energy (DOE) have entered into an agreement which 

will be dis cus sed later in more detail , so as to develop initia lly a 

45 MW geothermal power p l a n t .  From a planning standpoint , the option o f  

having geothermal resource generation available i s  subs tantial . For ,  in 

addition to this al ternative energy resource ,( the short lead times for 

cons truction o f  geothermal plants is invaluable due to the added flexi

b i lity it p rovides a utility such as PNM in meeting its demands . Addi

tionally , as you a re all awa re ,  the ab i lity of util i ties to generate 

electricity by use o f  gas a nd oil is becoming much mo re l imited , due not 

only to scarcity o f  thes e  fue l s  but to the substantial increase in their 

cost . Fortunately , use of geothermal resources will significantly 

displace the need fo r ga s and o i l . 

If the first unit proposed to be developed in the Ba ca , i s  successful , 

and due to the relatively small size o f  each generating unit (50 to 

100 HW per unit) the cons truction o f  furthe r units can be a c complished in 

a relatively s hort time when compa red to the long lead t imes necessary 

fo r cons truct ';  - - o f  e i ther coal-fired p lants or nuclear generation 

pl ants . Fo r example , thos e  la ter type units require 8 to 12 years to 

bui ld whi le a geothermal unit i s  a nticipa ted to take 3 to 4 years . This 

a l l ows us , a long with othe r resources , to meet our load requirements in a 

much sho rter time frame . 

Ana lys is to date also ind i cates tha t geothe rmal gene rating plants will 

require les s  initia l capital inves tment tha n othe r types o f  base load 

genera tio n .  For as in the case of the Baca deve l opment , the devel opment 

c o s t  of the wel l field , i s  not initially bo rne by pml , and a s  a result a 

-2 -



J-83 

cap i ta l  cost pe r kW i s  lower fo r geotherma �ompared to coa l . The cap i

ta l cos t of Baca Unit 1 i s  e s t ima ted a t  � ? 79 per kW while the capital 

cos t fo r San Juan Unit 4 is estima ted at $ 1 , 146 per kW . 

Fina lly , due to the loca tion o f  the Baca , PNM will be able to use the 

Baca Proj ect to a l levia te the need for powe r in no rthe rn New Mexi co which 

will add capa c i ty t� se rve load in that a rea and ' s:ave substantial trans 

mi ss ion l o s s e s . 

Anothe r benefit o f  development o f  this resource i s  that� tlie Baca Unit 1 

45 l1W wi ll add dive r s i ty to PNM ' s  generation res ources . A divers i fied 

generation mix has the advantage o f  making a utility less dependent upon 

any one s ingl e  fuel s ource . The effect of a d i s rup tion in a fuel supply , 

such a s  oil , during the 1 9 7 3  emba rgo , strikes in the coal industry and 

s imi l a r  events indicate tha t d ivers ity is a sub s tanti a l  benefit to a 

uti l i ty in ma inta ining continuity o f  s ervice a t  a reasonab le p rice . The 

cap a c i ty of the f i r s t  uni t at the Ba ca ( I n  1 9 8 2 )  wi ll give PNM the 

fol lo".-ing dive rs ity :  

A .  coa l : 

B .  gas-oi l :  

c .  geothe rma l : 

1 224 MW 

302 �lW 

45 MW 

7 7  . 9% 

1 9 . 2% 

2 . 9% 

By the yea r 2000 , geothermal could a c count for up to 10 percent o f  P�I ' s 

capa c i ty .  P1't1'I ' s  op ti ons fo r base load gene ra tion a re coal or nuclea r 

unl e s s  geo the rma l res ources become feas ibl e .  Bac3 Uni t  1 is the key to 

-3-
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having the geotherma l option avai lable to PNM in the nea r  future . The 

success of this unit will be a substantia l s tep in giving PNM the option 

o f  building mo re geotherma l  units . I f  the expected cos t  reductions in 

the a reas of s team p roduction and p lant cons t ruction and operation can be 

achieved by this demons tration p roj ect , subsequent uni ts are anticipated 

to be economically fea sible without DOE ' s  participatio n .  Therefore , the 

Ba ca geothermal field , which ha s a potential to supply at leas t  400 MW of 

generation capa ci ty , can be fully developed i f  thi s Boa rd a dopts a 

s tandard which , whi l e  pro tect ing the visibility and the hea l th and 

welfare of the citizens of the s ta te o� New Mexico , wil l  a l s o  a l low for 

the resource ' s  full development . This development wil l  p rovide an alter

na tive to sca rce fuel resources ,  an a lterna tive to the use of coal with 

its high environmental costs , and to use of nuclea r ,  which is uncertain 

a s  to bein� developed , based on present nationa l conferns . 

Q . � .  BEDFORD , ARE THERE ANY OTHER BENEFITS THAT ARE DERIVED FROl'j DEVELOP

MENT OF THI S  GEOTHER.'1Al RESOURCE? 

A. Ye� , the Baca Uni t  1 will not use fresh water for cooling . Instead , the 

design of the Ba ca Unit 1 �eothe rmal Plant incorpo ra tes the use o f  the 

condensed geothermal steam for cooling water . An annual cos t  savings o f  

$200 , 000 to $400 , 000 p e r  unit per yea r  could be anticipated . The exact 

savings in �ater consumpt ion , howeve r ,  will depend upon final detai led 

design and a quanti fiable ana lys is of make-up wa ter cos t .  

-4-
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ASS1P.IING TlL-\T THE BACA PROJECT IS NOT BUIL�NOw I'm . BEDFORD , WHAT EFFECT 

WOULD THI S  HAVE ON GEOTHERMAL DEVELOP?-IDrr IN NEW MEX I CO? 

PNM is unfortuna tely caught in a d ilemma . I f  we do not demons tra te the 

fea s ib i l i ty of this resource now , we mos t  likely will not be able to 

uti l ize geotherma l energy in the next decade .  DOE ' s  backing of thi s  

p roj ect (over $50 million) makes the proj ect p resently fea s ible , and 

wi thout i t ,  the p roj ect wil l  not go forwa rd . 
"

qnion would mos t  l i ke ly 

lose its inves tment of nea rly $ 1 0 million , and geothermal development , 

the re fore , in New I'Iexico wil l  be a dversely a ffected . In fact , the New 

" 
Mex i co Environmental Improvement Division in its initiaf review o f  our 

construction permit for the Ba ca Uni t  1 found that based on the unrea l -

i s t ic exis ting s tanda rd tha t even one un i t  developed at the Ba ca could 

result in emi s s i ons tha t  exceed tha t s tanda rd . Although our model ing 

res ults d i d  not concur with the s ta te ' s ,  we felt it imperative at thi s  

t ime t o  a t temp t t o  esta b l i sh a reas onab le s tanda rd i n  the State o f  New 

Mexico ra the r than a rguing mode l ing results with the Envi ronmenta l 

Imp rovement Divis ion when future un i ts are a ttempted t o  be s ited . 

The Baca loca tion 1 is the most extens ive ly s tudied geo therma l a rea in 

the State o f  New Mexi co and is , i n  fac t ,  bel ieved to be one o f  the best 

geothe rma l reservo i rs wi thin the United Sta tes capable for be ing de-

"eloped fo r geothe�a l  powe r  gene ra tion . I f  thi s  location cannot be 

deve loped into a viable p roj ect by cons truction of future uni t s , then 

even the near-term outlook for deve lopment of geothermal energy is doub t-

ful . A s tand a rd tha t permits cons truct ion potent i a l  of up to 400 �!W i s  

essenti a l , whi l e , once again , p r o te c t ing the visib i l i ty a nd hea l th and  
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we l fa re . The pub l i c  interest o f  New Nex i co , in c l ud ing the s o c i a l  and 

economi c va lue of development of this resource , should b e  obvio u s . 

Ad d i tiona l ly , the exa c t  emi s s ion l imitations on e a ch uni t  can be eva l u-

ated a s  the t echno logi cal pra c t i cab ility o f  control o f  H2S i s  imp roved , 

should the Boa rd choose to do so . Howeve r ,  the s tand a rd should be set 

now at a rea s onab l e  level s o  a s  to contro l air pol lution whi l e  not 

� i s coura g ing or l imit ing deve lopment o f  this resource . Inde e d , our Air 

Qua l i ty Control Act i n  the S ta t e  o f  New Nex i c o  only a l l ows this Boa rd to 

s e t  standards ne c e s s a ry to prevent o r  abate " a i r  pol lutionlt and no t to 

p a s s  a s tanda rd tha t is more s tr ingent than nec e s s a ry to mee t  that 

requ i rement . We b e l i eve tha t  our p rop o s a l  which w i l l  be d i s cussed in 

mo re deta i l  l a t e r  by Hr . Ri cha rd Jordan , not only i s  a r e a l i stic 

standard , but enab l e s  not only PNM , but a l s o  other utilities and 

develop e rs inte rested in geo the rma l  resources to p roceed w i th devel opment 

o f  th i s  resource . 

Q .  HR .  BEDFORD , JLo\S PNtl CONS IDERED THE EFFECTS ON HEALTH A!';1) ODOR EFFECTS OF 

H2S UNDER ITS PROPOSED STA.�ARD? 

A .  Ye� , PNN ha s i n  g re a t  d e ta il .  s tud ied the e f fects tha·t woul d  resul t on 

both h e a l th and o d o r  detection unde r  the s tanda rd as p ropo s e d .  

-:D:.:r�.-=T:.:h:.:o:.:.m::.:a;;..;s:.--...;M;;.;l.=.;· l=.;b:;..Y"-L' _.:;;.a_:::;m.:e.:d.:i..:c..:a.:;.l:-__ �s u_l_ta n t _f 0 r . PNt! , 
-

and P r e s ident o f  
-

�DYironmental Hea l th As s o c i a tes , Inc . , wi l l  p resent hi s f i ndings a s  to 

tho s e  imp a c t s  und e r  the s tanda rd as p ropo s ed . We are sati s f ied , based OD 

thi s  review.. that our s ta nd a rd w i l l  not res u l t  in e i the r i l l  hea l th 
C> 

e f fe c t s o r  bothe rsome o d o r s  for 

through the Ba ca area . 
-

-6 -
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HR. BEDFORD , WHAT OTHER WITIlESSES WILL TESTIFY ON BEHALF OF PNN? 

In addition to Dr . Milby , and Ri chard Jordan , PNM wil l present testimony 

by Mr. Arthur Wilbur . Mr . Wilbur wil l  present a des cription as to the 

Department of Energy ' s involvement in the development of the Baca Geother

mal Demons tration Powe r Plant Proj ect .  Addi tiona l ly , Hr . Ja ck Haddox of 

PNM , the Baca Geotherma l Demonstra tion Parti cip�nt Mana ger , will give an 

ove rview as to the a ctua l de"el opment of this Ii.roj ect as we ll as the 

respe ctive roles between OOE and the participants
'
. Mr . Lloyd Aker wil l  

discuss the control technol ogy tha t PNM intends to use �or . the firs t uni t  

t o  b e  bui l t  i n  the Ba ca l ocation . I might note that the proce s s  tha t PNM 

has selected can have remova l effi ci encies of H
2

S as
,
high as  99 percent . 

Mr . Russ Erbes of PNM wil l  present PNM ' s  modeling review showing the 

support and the ba s i s  for the development of the s tanda rd that we have 

p roposed . Fina l ly ,  Hr . Joe l  Robinson of Union O i l  Company wi l l  provide 

tes tim�DY concerning Union Oil Company ' s  parti cipa tion in this project a s  

well a s  :hei r  initial exp loration i n  �he aaca l o cation a s  we l l  as  the 

emis s ions tha t can be expe cted from �he wel l  field operati on . 

MR .  BF..DFORD , ARE YOU Al-iARE DlAT THE PRIVATELY Ow"NED BACA LOCATION IS n� 

AN ARL\ TIIAT I S  PRESENTLY .BEING CONSIDERED FOR PURCHASE BY THE UNITtD 

STATES :rOREST SERVI CE AND \"111 ,  THEREAr!ER , LIKELY BE OPEN TO THE PUBLIC? 

Yes . P�l! ha s fol lowe d ve ry cl o s e l y  the di scus s ions be tween 'the exi s ting 

owners o f  the Ba c;. loca t ion and interested federal agencies . HO�'ever " 

the lea s e  agreements a s  they pre s en t ly ex i s t  w i l l  enab l e  both Union and 

Ph'l'l to continue deve l opment of t h i s  l ocatioa of the geo t.he rma l resol.l rc�s 



even 'in the event that the United States Forest Service purchases this 

property . The impact ' that would result , however ,  is that the public 

would have access to much of the Baca , however ,  we have designed our 

standard as such that we do not believe even in the event this land 

becomes subject to public access , there will be any health or bothersome 

odor effects that wi ll occur under the standard as proposed . The stan� 

dard should more than adequately prevent. and abat.e air pollution as 

required under New Mexico ' s  Air Quality Control Act . 

By adoption of a realistic standard a t.  this point in time , we believe , 

that the New Mexico Environmment Improvement Board can determine how 

these resources are to be developed while still p rotecting the New Mexico 

environment . We believe this action should be taken now , so that the 

Federal agency will be fully aware of the state ' s  pos ition before they 

acquire the land for the public domain. 

Q .  HR .  BEDFORD , YOU EARLIER INDICATED THAT B Y  ADOPTION OF THIS .ST&�ARD AS 

PROPOSED , THE BOARD ""OULD STILL HAVE THE FLEXIBILITY TO REVIEW TECHNOLOGY 

IN THE FUTURE AS IT BECOMES MORE REFINED AND NECESSARY TO ADOPT EMISSION 

REGULATIONS FOR SPECIFIC UNITS , AS NECESSARY , THAT REFLECT THAT FUTURE 

TECHNOLOGY . I S  THAT CORRECT? 

A .  Yes , I believe that the Boa rd , by adopting th is s t.andard , will indicate 

that these types of resources can be reasonably developed and will ,ive 

tha t signal to persons who intend to attempt to develop these resources . 

Howeve r ,  the Board. wi ll  not be precluded a t  a b te r .  date , frol'!t pass ing 

.inion regulations for . U  o r  specific units based upon that future 
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- >  

techno logy . pm! intends to ins ta l l  on -"a ll future units control tech-

no logy at least equiva l ent with that which it now cons iders BACT fo r 

ins tal la tion on the fi rs t unit . 

Ins ta l lation of this BACT , in our op inion , goes beyond the exis ting 

requirements on PNM for construction o f  thi� unit ,  but is in a cco rd with 

• I 
our continuing obligatiop. to see that the envi�onment of New Mexico is 

protec ted , whi le enabl ing us to meet our obligation to provide service at 

just and rea s onable rates . 

MR .  BEDFORD , DOES THAT CONCLUDE YOUR TESTIMONY . 

Yes , howeve r ,  I would like to thank the Boa rd for holding this hearing in 

a timely manne r due to our requi rement to proceed with thi s proj e ct as 

I 
wel l  as the e fforts that have been required by the New Mexi co Environ-

menta l Improvement Divis ion in the i r  evalua tion of our p ropos a l . 
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APPENDIX A 

Pub l i c  S e rvi c e  Company o f  New �lexi co 

1 .  V i ce Pres ident , Admini s tration : November 1 9 73 to p re sent ( responsible 

currently fo r Info rma tion Sys tems /Da ta Proce s sing , System Planning , 

Genera t i on and Transmi s s ion , Engineering and Cons t ruction , RD&D , Envi ron

menta l Affa i rs , Procurement and Contra cting , I nte r-Ut i l i ty Sa les and 

Purcha s es , and unti l  May 1 9 7 7 , the Rate Depa rtment) . 

2 .  Vice Pres ident , Corporate Planning : April 1973 to November 1 9 7 3  (respon

s ible for .Sys tem Planning , Envi ronmen tal Affairs , Ra tes , and Contra cts 

departments ) . 

3 .  Manage r , Corporate Pl anning : Dec ember 1 9 7 1  to Apri l 1 9 7 3 . 

4 .  Manager , Enginee ring : Ap ril 1 9 7 0  to Decembe r  1971 . 

5 .  As s is tant Mana ge r , Engineering : De cemb e r  1 9 69 to Ap ril 1 9 7 0 . 

6 .  Secior Engineer l Sys tem Stud i e s : July 1 9 6 7  t o  Decembe r  1 9 69 . 

7 .  5ne c i a l  Proj ects Eng i nee r :  Decembe r  1 9 6 3  to July 1 9 6 7 . 
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Sandia Corporation 

1 .  Techni cal Staff Membe r :  July 1962 to December 1963 . 

I have also been a member o f  the following commi ttees or forums : 

1 .  Western Sys tems Corordinating Council . 

Techni ca l  Studies Subcommittee 

Planning Coordination Committee 

Envi ronmenta l  Commi ttee : 1973 to 1975 

2 .  New Mexico Power Poo l . 

Engineering Committee : 1969 to 1974  
(Cha irman : 19i1  t o  1974)  

3 .  EEl Ra te Resea rch Commi ttee and EEl Cons truction Committee . 

4 .  Wes tern Energy Supp ly and Transmiss ion Associates (WEST) . 

Enginee ring and Planning Commi ttee : 1973  to 1978  
(Cha i rman : Ap ril 1976 to Ap ril 1978)  
Managemen t  Commi ttee : 1978  



BEFORE THE NEW MEXICO ENVIRONl1ENTAL I MPROVEMENT BOARD 

IN THE MATTER OF THE APPL ICAT ION OF 
PUB LIC S ERVICE COMPANY OF NEW �mX I CO 
TO k�END NEW MEX ICO A I R  QUALITY CONTROL 
REGULAT I ON 2 0 1 -HYDROGEN SULF I DE .  

CLOS I NG
·
ARGUt-'.£NT OF PUBLIC SERVICE CONPANY OF NEW 

HEX I CO IN SUPPORT OF ADOPT ION OF I TS PROPOS ED 
AMENDMENT TO A I R  QUAL ITY CONTROL REGULAT ION 2 0 1  

On beha l f  of Publ ic Ser v i ce Compa ny of New Me x i co 

( PNM) , K e leher & McLeod , P . A .  hereby submi ts c los ing a r g umen t 

a s  reque s ted by the New Mex i co Env i ronmen t a l  Improvements Boare  

at  the close of the he a r ing held Septembe r 13th  and 14th , 1979 . 

INTRODUCT ION 

Adop t i on o f  PNM ' s  proposed s t andard w i l l  al low for the 

reasonable de ve lopment of geothe rmal resou r ce s  wi t h i n  the S tate 

o f  New Me x i co . Fa i l u re to adopt the proposed standard  w i l l  

preclude any development of geothe rmal re sou r ce s  as  the cost of 

&.'� development w i th add i t i onal con t rol equ i pmen t ,  such as �ny-

cool i ng tower s ,  w i l l  not be compe t i t i v e  wi th other forms of 

e ner gy . A u t i l i ty c annot develop a g e ne r a t i on un it  u n less the 

New Me x i co Publ i c  Ser v i ce Commi s s i on f i nds fhat such un i t  i s  

economica lly compet i t i ve w i th other forms o f  energy deve1op-

rnen t s . Deve lopment of these r esou r c e s  w i l l  pr ovide s ubs tan t i al 

- ----_ . .  _---- - ,  
Att:ac:bnent J - .  
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soc i al and econom ic bene f i t  to the c i t i zens of the State of New 

Mex i co . 

The proposed st andard w i l l  pr event w i th rea sonable 

proba b i l i ty any i n j u ry to human health , an imal or plant l i fe 

a nd w i l l  prevent any un r ea sonable i nter ference w i th the publ ic 

we lfa re ( i nclud i ng bot her some od ors)  v i s i b i l ity and w i l l  pro v i de 

for the rea sonabl e use of prope r ty wi th i n  the S t ate of New 

Me x i co . 

HEALTH AND ODOR EFFECTS 

Dr . Thoma s H .  M i l by �as the only wi tness at the hear i n g  
wi th a backg round s u f f i c i ent to enable h i m  to g i ve h i s  exper t 
opi n i on on bo th heal th and odor effects of H

2
S unde r the 

s tandard as propos ed by PNM. Dr . M ilby ' s  conclusion a f te r  
r e v i ew of the s tandard proposed by PNM i s  tha t the r e  i s  abso
l u tely " no va l i d  sci ent i f i c  evi dence to sugge st that e ven a t  
the h i ghe st  concen t r a t ion men t i oned , the r e  i s  any dange r  of 
i n j ury to anyone e xposed . At 0 . 0 1 ppm , an odor w i ll l i k ely be 
de tect able to mos t  people ,  bu t only a t  somewha t h i ghe r leve l s  
w i l l  t he cha racter i stic  rot ten egg- l i ke nature  of  the gas maybe 
i dent i f i able . • . . Thu s , i n  my opi n ion , othe r than occa sion-
a lly perce i vi ng the cha rac ter i s t i c  odor of hydrogen s u l f i de ,  
i nd i v i d  � l s  pa s s i ng through or r e s i d i ng i n  the area w i l l  suffer 
ne i ther i ll a f fects nor e spec i a l ly bother some n u i s ance . "  

2 



Dr . M il by te s t i f i ed that although certa i nly there i s  

uncla r i ty wi th i n  the l i terature concern i ng the e xac t odor 

thre shold of H2S ,  that gene r a l ly the odor threshold of detec

t i on is in the r ange of 0 . 0 1 to 0 . 0 3 ppm . Mr . Ru ssell Erbes o f  

PNM test i f i ed tha t h e  was able to mon i tor nat u r al H2S em is

s i ons in the Baca Location of 0 . 0 5 to 0 . 6 ppm , wh i ch levels are 

far above the leve l s  set for the annual concent rat ions that 

w i l l be ' a llowed unde r PNM ' s st anda rd . 

INSTALLAT ION OF BEST AVAILABLE CONTROL TECHNOLOGY 

New Me x i co A i r Qual i ty Control Act doe s not a llow the 

Board to i nstall str i ngent control technology j us t  for the sake 

of i t .  Only con trol eq u i pment nece ssary to prevent a i r  pol l u

t i on can be requ i red . Notw i thstand i ng that l im i t a t ion , however , 
I 

i n  t he de s i gn of the proposed standard ,  PNM has i ncor porated 

use of the S t r e t ford Cont r ol Proce ss wh ich is pr esently the 

be st ava i lable control technology for r emoval of H2 S gas from 

geothermal proj ec ts . Other technology tha t can potent i a l ly 

�ave appl i cation on commer c i al un i ts i s  being deve loped but has 

no comme r c i al appl i cat ion to date . Howeve r , to date and as 

i nd i ca ted by even the State ' s  wi tne ss , Dr . Con r ad , the S t r etfor d 

i s  the best pr oce ss eva i l able . The legal r equ i rement of the 

Ai r Qua l i ty Control Act a llows t he Boa rd to cons ider the t ech

n i cal prac t icabi l i ty of reduc ing a i r  con tam i nants from the 

3 
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sou rces i nvolved . Howeve r ,  the Boa r d  must con s i de r  add i t i on

a lly the econom ic r ea sona bleness of that technology . I t  i s  

PNM ' s  pos i t i on tha t no fur ther con trol i s  nece ssary t o  pr event 

a i r  poll u t i on and i f  t he Board requi res i nstalla t i on of add i 

t iona l techno logy , such as  dry cool i ng tower s ,  th i s  make s  the 

cost of development of geothermal ope r a t ion clea r ly non-col"pe

t i t i ve wi th e x i st i ng sou rce s .  Dr . Mike  Wi l l i ams of the New 

Me x i co C i t i zens fo r Clean A i r  and Wa ter , te st i f i ed that  PNM 

should be req u i red to i n s t a l l  e i ther dry cool ing towe r s  or 

d r y-wet coo l i ng towe r s . Mr . Lloyd Ake r ,  PNM ' s w i tness on tech

nology , i nd i cated tha t use of dry cool i ng towe r s  cou l d  i nc rease 

the cost of t he fuel annua lly ( i . e .  add i t i onal steam r eq u i re

men t s )  by approx imately thi r ty m i l l ion doll a r s  on a pr esent 

worth ba s i s . Add i t i onally , the cost to i nstall and ope r a te a 

d r y  coo l i ng towe r wou ld be approximately thir teen m i l l ion dol

lars  more than use of a wet cool i ng towe r . The cost of i nstal

l i ng and oper a t j ng thi s dry cool i ng tower would ther e fore  i n

c r ease the cos t  o f  H2 S r emova l from the S t r e t ford process by 

a pprox ima tely for ty t imes compa red to the S t r e t ford cost pe r 

pound o f  H2 S r emoved . The r equi rement o f  tha t add i t i ona l 

cost w i ll u ndoubtedly make g eothermal development i n feas i ble , 

as  test i f i ed to by Mr . Bed ford of PNM , mor e  l i ke ly than not for 

the ne xt  d0cadc . Even w i t h Depa r tment o f  Energy ' s  bac k i ng of 

ove r fi f ty m i l l ion dol la r s , th i s  proj ect mu st s t i l l  be compe t i -

4 
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t i ve econom i ca l ly w i th other sou rce s of energy deve lopment 50 

a s  to enablee Publ ic Ser v ice Comm i s s i on to determi ne i t  i s  i n  

the best i n ter e s t  of the r ate paye r s  o f  the State  of New Mex i co 

to enable th i s  deve lopment to proceed . 

Th e Boa r d  mus t  cons i der tha t the i rlten t of the A i r  

Qua l i ty Con trol  Ac t i s  to prov i de for d e ve lopment o f  r esou rces 

w i t h i n New Me x i co wi th s t andards  that are  nece ssary to avo i d  

t hose conce n t r a t i ons that w i ll w i th r ea sonable probab i l ity 

i nj ure  human health , an imal or  pl ant l i fe ,  or may unreasonably 

i n ter fere w i th the publ ic we lfar e , v i s i b i l i ty or the r easonable 

use of the prope r t y .  The evi dence i s  that w i th i nstallat i on of 

the S t r e t ford p roce ss the propos ed development at  the Baca 

Loca t i on No . 1 ,  w i l l  not i n j ure  he a l th or unrea sonably i nt e r f e r e  

w i th publ i c  we l f a r e , etc . 

As a i n ,  the New Mex i co A i r  Qua l i ty Con t rol Act doe s not 

a llow th i s  Board to adopt standards wh i ch e l imi nate any odor o f  

any k i nd bu t on ly to con s i de r  odo r s  that w i l l  i nter fere wi th 

the publ ic we l f are . C e r t a i nly an odor level s ubstant i al ly 

above that odo r  thr e shold o f  detec t i on i s  requi r ed pr i9r to a n  

odor becom i ng obnox i ous a n d  i n  fact i n ter fer ing w i th the publ i c  

wel fa r e . Dr . Mi l by a l so test i f ied  (and as sho\om on PNf.1 e xh i b i  t 

no . 6 ) , that for mos t of  the gene r a l  population , H2S odor 

does not become o f fens i ve (however not i n tolerable)  u n t i l  the 

r ange of three to f i ve ppm is reach ed . Aga i n ,  a level subs tan-

5 
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t i a l ly above tha t expec ted unde r PNM ' s proposed standa r d .  The 

compar i son of a standard i n i t i a l ly adopted by th i s  Boa rd in the 

Pe rmi an Ba s i n  of 0 . 1 0 clea r ly i nd i ca tes that th i s  Boa rd has 

previou s ly been of  the opi n i on that odor levels in that r ange 

are acceptabl e  and do not unrea sona bly i n ter fere w i th publ i c  

we l f a r e . 

AMB I ENT CONCENTRAT IONS 

Under PNM ' s  propos al , e xcept for the Pecos - Perm i an Ba s i n  

Reg i on ,  the one hour aver age of al lowed H2 S concen t r a t i on s ,  

not to be e x cee ded more than once per year , i s  0 . 0 1 0  ppm . Th i �  

i s  a l so i n  accord wi th the E I D ' s  propo sa l . 

The n e x t  major change i s  u nder Parag raph E prov i de s  

tha t w i th i n  known geothe rmal r e sou rce a r e a s  (KGRA ' s ) and a 

three m i le  per imeter , the annual a v e r age shall  be 0 . 0 10 ppm . 

Th i s  i s  substant i a l ly more str i ngent than the standard tha t 

presently e x i s ts i n  the Permi an Ba s i n  Reg i on .  Under Parag raph 
I 

F ,  on a one hou r ave r age w i th i n  KGRA ' s  and a th ree m i le pe r i me-

ter , conce n t r a t i ons shall  be 0 . 0 3 5  ppm not to be e xceeded mor e  

than once pe r twe lve hou rs  and 0 . 1 2 0  ppm not to be e xceeded 

more t h an tw i ce per year . F i nally in Pa rag raph G ,  a one hou r 

aver age w i th i n  corpor ate l im i ts of a mun i c i pal i ty tha t i s  wi th i n  

a KGRA o r  a t h r ee m i le pe r imete r , the ma x imum concen t r a t i ons 

6 



- --� �---------------------

J-98 

cannot e xceed 0 . 0 1 0 ppm . Th i s  also i s  i n  accord w i th the EI D ' s 

proposal . 

M r . Richard Jordan of PNM test i f ied tha t the e x i s t i ng 

st and ard was d r a f ted as never to be e xceeded and i s  i n  fact the 

mos t str i ngent 82 S s tanda r d  i h the Uni ted
· 

States . That stan

d a rd was pa ssed w i thou t any d i scussion on whether in fact a 

source cou ld met i t  bu t wa s only a goa l a s  tes t i f i ed to by Mr . 

K en Har g i s  of the EID . I n  fact the st andard was pa s s ed pr ior 

to the adopt i on of the perm i t  regulat ion 7 0 2  of the EID and 

wh i ch regul a t i on r equ i r es that a sou r ce c annot be con str ucted 

i f  i t  w i ll emi t  a i r  con tam i nan ts that vi olate Fede r a l  or State 

s t anda rd s .  I ndeed , based upon that regula t i on the E I D  r e j ec ted 

PNM ' s appl i cat i on for con s t r uc t i on of the f i r s t  un i t  in the 

Baca Loca t i on based on the i r  pre d i c ted em i s si ons that ind i ca ted 

that source migh t v i ol a t e  the State ' s  ext r emely s t r i ngent s tan

d a r d . 

All the Fede r al amb i ent a i r  standa r d s  and nume rous 

S t a t� standards pro v i de that t he st andard set cannot be e xceeded 

nore than a ce r ta i n  n umbe r of t imes w i th i n  a gi ven pe r iod . 

Th is  type of standard can prov i de , therefore , for un ique mete

orol og ical cond i t i ons for sho r t  du r a t i on in wh ich a l a rge r 

ambi ent concent r a t i on might occur and yet s t i l l protec t , due to 

the  sho r t  ave r ag i ng pe r i od for wh i ch a standa r d  cannot be e x

ce eded , both t he health and welfare as requ i r ed for t he adoption 

7 
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of a standard . The State must recogn i ze i n  t he adopt ion of 

standards that the r e  is no mag i c  numbe r wh i ch should never be 

e xceeded . A rea sonable regula t i on w i l l  allow for exceedances 

for shor t pe r iod s as long as the standard i ts e l f  is not 

e xceeded more t han a g i ven frequency . Mr . Russell Er bes of PNM 

addr essed conce n t r a t i ons tha t can be pred i c ted under PNM ' s  

propos al and under a one hour aver age felt that the h i ghe s t  

concentrat i on that would be al lowed and s t i l l  protect tha-t one 

hour standar d  was a 0 . 154 ppm pred i c t i on .  Th i s  number not 

s i g n i f i cantly above the one-ha l f  hour s tanda r d  tha t was al lowed 

i n  the Permi an Bas i n  f rom 197 2 t h roug h 1 9 7 6 . Even under the 

E ID ' s  proposal wh i ch allows for the s tandard to be exceeded 

once per year t he st andard would more t han s u f f i c i ently protec t 

health and we l fare notw i thstand i ng that once exceedance may 

occur . 

PROPOSED STANDARD OF PNM EXCLUD ING VENTING EMI S S IONS 

PNM proposed s tandard i ncl uded pred i c ted em i ss i ons 

• 
from well ven t i ng f r om Un i on O i l  Company ' s  ope r a t i on .  Howeve r ,  

a s  i nd i cated i n  the c r oss-exam i na t i on i f  l n  fact the EID i s  not 

go i ng to con s i de r  emi s s i ons from ven t i ng operat i on s  i n  permi t-

t i ng of g eothermal un i ts , wh ich appears to be a reasonable 

approach , the n PNM ' s  proposed s t anda r d  could be s i g n i f ican t ly 

changed , spec i f i cally Parag raph F .  Parag raph F cou ld be changed 

8 
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to pro v i de for 0 . 0 3 0  ppm one hour ave r age not to be exceeded 

more than once pe r twe lve hou r s  and a 0 . 0 7 5  ppm one hou r ave rage 

not to be e x ceeded more than tw i ce per year . 

CONCLUS ION 

Geothermal gene rated elec t r i c i ty can prov i de up to 

f i fty pe rcent of New Me x i co ' s  ene r gy r eq u i rements . The subs t an

t i a l  bene f i ts to the c i t i zens of the S tate of New Me x i co both 

soc i a l ly and econom ically are  obv i ous and th i s  Board should be 

encou r ag ing the development of t h i s  alternate energy sou rce . 

The sho r t  lead t i mes for con s t r uc t i on and the r educ t i on of 

r eq u i r i ng u t i l i t ies to pr imar i ly r e ly on coal f i red gene r a t i on 

o r  nuc lear  gener at i on are bene f i ts that should also be encour-

aged by t h i s  Board . The e x i s t i ng standard was set as a goal 

w i tho u t  any reference to whe the r i n  fac t i t  can be obt a i ned . 

I t  was adopted pr i or to the Perm i t  Reg u l a t ion 7 0 �  wh i ch r eq u i r e s  

that new sources mus t  show tha t they w i l l  not v i olate S tate o r  
• 

Fede r al standards . Th i s  Board , i n  adopting the proposed stand-

ard  of PNM , w i ll  set the standard at a leve l at wh i ch the emis-

G i on s  of H2 S in the amb i ent atmosphere  w i l l  prevent w i th 

r ea sonable probabi l i ty any i n j u ry to human heal th , an imal o r  

plant l i f e ,  and w i l l  not unrea sonably i nte r fere  w i th the publ ic 

we l f a r e  v i s i b i l i ty or t he reasonable use of property . The 
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development of g eot hermal resources requ i r e that they be econo

m ica l ly compet it i ve wj � h  othe r e x i s t i ng forms of ene r gy .  The 

proposed standard , wh i le assuming i nstall a t i on of  presently 

acknowledged best ava i l able con trol technology on all  proposed 

un i ts at the Baca , w i l l  allow for the deve lopment of  t h i s  r e

source on a cos t compe t i t i ve ba s i s .  Howeve r ,  a standard , wh i ch 

is  unj u s t i fi ed from a health and we lfare vi ewpo i n t , but requi r e s  

i ns t a l l a t ion of d r y  cool i ng towe r s  will  make geoth.rmal devel

opment tota lly uneconomic compa red with other sou r ces of energy 

and no Cer t i f ica te of Publ ic Conven ience and Neces s i ty could be 

ob tai ned thereunder f rom the New Me x i co Publ i c  Service Comm i s

s i on .  

The Board  mu s t  balance the techn i cal  pr act icabi l i ty of 

remov i ng H2S w i th the econom i c  reasonabl ene s s  of r emovi ng 

H2 S from the sou r ce i nvolved . Th e proposed standa rd mak e s  

s uch a balance . The New Me x i co A i r  Qua l i ty Con t ro l  Ac t does 

not prov ide for stand a r d s  to be adopted so on the bas i s  of 

f orc i ng technology . S tandards only can be adopted s u ff i c i e n t  

so a s  t o  prevent a i r  pollut ion . Any standa rd tha t r equ i res 

c on tr ol beyond t nat l e ve l  nece ssary to protect we l fare and 

pr ope r ty ,  etc . is unlawful . 

The s tandard  that was adopted i n  the Pecos - Pe rmi an 

B a s i n  by t h i s  Board i n  1 9 7 2 , alt hough provi d i ng that i t  ca nnot 

be e xceeded , set a leve l at 0 . 1 0 0  ppm and wh ich wa s obv i ously 
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determ i ned to be a t  a leve l  tha t would not unreasonably inter

fere w i th pub l ic we lfare ( i . e .  odor ) . To now set a s tandard 

more str i ngent than tha t unduly d i scr iminates aga i ns t  geothermal 

development wh i le g i v i ng substant i a l  pr efer ence to the o i l  and 

gas industry of the State of New Mex i co .  Th i s  d i scr iminat ion 

c annot be j ust i f i ed or perm i t ted under the laws of the State of  

New Mex ico . 

PNM ' s prjPosed s tanda rd w i l l  protec t  aga i nst nui sance 

odors or offen s i ve odors for most of the popu la t i on and in fact 

i s  set at mer e ly the threshold of odor detect ion , wh ich is far 

below levels norma l ly r equi red by t he popul a t i on before they 

f i nd i t  offens i ve .  No te st imony d i s t i ngu i shed the d i f ference 

between t he s tandard i n  t he Pecos - Permi an Ba s i n  from that 

pr oposed by PNM e xcept on the ba s i s  tha t  it was econom i ca l ly 

1 
i nfea s i ble to clean up em i ss i ons i n  the Pecos area . The need 

to make geothe rmal deve lopments economical ly compet i t ive w i th 

other forms of ener gy development probably r equ i r e  t he economi c s  

o f  H2S control t o  be more t horoughly con s i dered i n  th i s  hear

ing than was done in the Pecos - Permian Bas i n  hea r i ng . 

Adopt i on of the E ID ' s  proposal only delays and merely 

avoids ma k i ng a dec i s i on as to t he level at wh ich the standard 

must  be set to protec t wel fare , e tc .  As i nd i cated by Mr . 

Harg is , even under the EID ' s  propos a l , one or two g eothe rmal 

plants could be developed pr ior to once aga i n  the amb ient con-
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... 

centra t i on s  be i ng a t  a level at wh i ch no fur ther plants could 

be bu i l t  under the Permi t Regula t i on 7 0 2 .  The evi dence presen

ted i n  th i s  hea r i ng i nd i cated that the standar d of PNM ' s  w i l l  

allow f o r  rea sona ble development and st i l l  protec t aga i n s t  

unr easonabl e amp i ent concentrat i on s .  Geothermal development 

w i ll not proceed on a un i t  by un i t  ba s i s  due to t he econom i c  

un knowns of a t t empt i ng to change a standard each t ime a new 

un i t  i s  a t tempted to be bu i l t .  Th i s  Board must dec i de now wha t  

i s  requ i r ed for the standard so , wh i le pr otect i ng h uman heal th 

etc . , provi d i ng t ha t  t h i s r esou r ce c an be developed and wh ich 

w i l l  prov i de subs t an t i al soc i al and economi c  bene f i t  to the 

c i t i z ens o f  the S ta t e . 

Re spect fully subm i t ted , 

KELEHER , McLEOD , P. A .  

BY)' -:;:::> 1- <.3 C.JD 
Richard B .  Cole � 
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