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b )  Proposed Act ion : Amendment of Pres ident ial Perm it PP-76 issued to Vermont 
Electric Power Company 

c )  For add it ional cop ies or further informat ion on this statement ,  please 
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1 000 I ndependence Ave . , SW 
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d )  Des ignat ion : Draft EIS  ( DE I S )  

e )  Abstract : Th is d raft Env ironmental Impact Statement ( E I S )  was prepared by 
the Economic Regulatory Adminis trat ion . The proposed act ion is the 
issuance of an amendment to Pres idential Perm i t  PP-76 to the Vermon t  
Electr ic Transmiss ion Company t o  operate the internat ional interconnect ion 
there in author ized at power levels above those stipulated in PP-76 , and to 
construct new transmiss ion fac i l i t ies to d istr ibute this power . The 
proposed new fac i l i t ies , referred to as Phase I I ,  cons ist  of the extens ion 
of the Phase I ±450-kV DC transmiss ion l ine ( predominantly along existing 
transmiss ion r ights-of-way ) between the town of Monroe , New Hampsh ire ( the 
terminus of Phase I )  and the town of Groton , Massachusetts ; the 
construct ion of an 1 800-MW DC/AC converter terminal at the term inus of the 
proposed DC l ine ; and the construct ion of two new 345-kV AC transmiss ion 
l ines along exist ing transmiss ion r ights-of-way and terminating at an 
exist ing substation at West Medway , Massachusetts . These new transmiss ion 
l ines are needed to re inforce the exist ing New England 345-kV AC 
transmiss ion system and thereby allow the NEPOOL system to operate 
rel iably at the higher levels of import . The principal environmental 
impacts of the construct ion and operat ion of the transmiss ion fac i l i t ies 
will be the convers ion of a small amount of primarily fores ted land to 
right-of-way ( shrubland/grassland vegetat ion ) or to other project-related 
uses , and minor ( incremental ) visual impacts . 
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FOREWORD 

This  Draft Environmental Impact Statement ( DE I S )  is issued by the 
U . S .  Department of Energy ( DOE ) . I t  assesses the environmental impac ts of 
issu ing an amendment to Pres ident ial Permit  PP-76 wh i ch would �esult in the 
construct ion of certain new electric  transmiss ion fac i l i t ies in New Hampsh ire 
and Massachusetts . 

The DOE determined that the issuance of the proposed amendment would be a 
major federal act ion s ign i ficantly affect ing the qua l i ty of the human 
environmen t . Therefore , in accordance w i th the Nat ional Environmental Pol icy 
Act of 1 969 ( NEPA ) , as implemented by the regulat ions promulgated by the 
Council  on Environmental Qual i ty ( CEQ ) ( 40 CFR 1 500- 1 508 , November 1 978 ) and 
DOE ' s  implement ing gu idel ines ( 45 CFR 20694 , March 28 , 1 980 ) , DOE has prepared 
th is  DE I S  to prov ide envi ronmental input to the dec is ion to grant ( w i th 
cond i t ions and l imitations ) or deny the amendment .  A No t i ce of I n tent to 
prepare this DE I S  was issued May 8 ,  1 985 , and a publ ic scop ing process was 
conducted . The publ ic will  have an oppor tun i ty to comment on th is  DE I S . 
After cons ider ing all comments , DOE will  issue a F inal E I S  ( FE I S ) . DOE will  
then issue a Record of Dec is ion not less than 60  days fo llowing publ icat ion of  
the notice of ava ilab il i ty of the FE I S .  

The format o f  this DEIS follows the suggested format i n  the CEQ 
regulat ions . Sect ion 1 documents the purpose and need for a dec is ion . 
Sect ion 2 summarizes and compares alternatives and pred icted envi ronmental 
impacts . Sect ion 3 summar izes the affected envi ronments along the proposed 
transmiss ion l ine route and at other fac i l i t ies . Sect ion 4 prov ides deta iled 
informat ion on analyses of the environmental consequen ces of the var ious 
al ternat ives . Sect ion 5 presents a glossary , and Sect ion 6 presents the names 
and profess ional qua l i ficat ions of the persons respons ible for preparing the 
statement . More deta iled informat ion and analyses are provided in several 
append ices . 
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SUMMARY 

The proposed act ion is the issuance of an amendment to Pres ident ial 
Permi t  PP-76 to the Vermont Electric Transmiss ion Company ( VETCO ) to operate 
the internat ional interconnect ion therein author ized at power levels above 
those stipulated in PP-76 , and to construct new transmiss ion fac i l i t ies to 
d istr ibute this power . This internat ional d i rect current ( DC )  interconnec­
tion , referred to as Phase I ,  is currently under cons truct ion and was 
author ized to permit  the New England Power Pool ( NEPOOL ) to transm it surplus 
hydroelectr ic energy purchased from Hydro-Quebec , the prov inc ial ut i l i ty of 
Canada , to load centers in central New England . 

The proposed new fac i l i t ies , referred to as Phase I I , cons ist  of three 
pr incipal elements . The first is the extens ion of the Phase I ±450-kV DC 
transmiss ion l ine ( predominantly along ex ist ing transm iss ion r i ghts-of -way ) 
between the town of Monroe , New Hampshire ( the term inus of Phase I )  and the 
town of Groton , Massachuse tts . The second element is the construct ion of an 
1 800-MW DC/AC converter terminal at the terminus of the proposed DC l ine , on a 
s ite adjacent to an exist ing 345-kV AC substat ion . The th ird element is  the 
construction of two new 345-kV AC transmiss ion l ines along existing 
transmiss ion r ights-of-way and terminat ing at an exist ing substat ion at Wes t  
Medway , Massachusetts . These new transmiss ion l ines are needed t o  re inforce 
the exist ing New England 345 -kV AC transmiss ion system and thereby al low the 
NEPOOL sys tem to operate rel iably at the higher levels of import . 

To min imize impacts to the extent prac t i cable , DOE has iden t i fied in this 
Draft Env ironmental Impact Statement numerous mitigating measures . Should 
PP-76 be amended , that amendment will  inc lude terms and cond i t ions which 
requ ire the Applicant to implement these m i t i gat ing measures . The Appl icant 
has committed to these measures , and they are cons idered part of the proposed 
act ion . 

Because of these mit igat ing measures , and the fact that almost all  of the 
proposed transmiss ion l ine w i l l  be constructed w i thin established transmiss ion 
l ine corr idors , most of the env ironmental impacts associated w i th the proposed 
action would result from construct ion act i v i t ies and would be trans i tory in 
nature . These impacts include : clearing and control of vegetat ion ; loss or 
alterat ion of w i ldl ife habi tat ; d isplacement and/or d isturbance of w i ld l i fe ;  
d isturbance of aquatic resources ; release of gaseous po llutants and dust ; and 
d isrupt ion of agr icultural ac t i v i t ies . Impacts from operat ion and ma in tenance 
of the transmiss ion fac ilities include : col l is ion of b irds w i th structures 
and electrocut ion of b irds ; visual intrus ion of an add i t ional l ine w i thin the 
transmiss ion corr idor ; and poss ible health and safety effects of the 
electromagnet ic environment in close proximity to the proposed l ine . 

A total of about 1 47 ha ( 364 acres ) w i l l  be converted from present uses 
( mostly forested land ) to proj ect-related uses , such as w iden ing of the r ight­
of-way , construction of the converter terminal , and expans ion of the ground 
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electrode s i te . Of th is to tal , less than 20 ha ( 50 acres ) would be 
permanen tly converted to project-related uses that would preclude other uses 
such as farming or wildl i fe cover . 

V isual impacts of the proposed proj ect would be minor and incremental in 
nature , i . e . , add ing to the visual intrus i veness of the e x i s t ing l ines or 
structures in the transmiss ion corr idor . 

The operat ion of the proposed l ine and as soc ia ted fac i l i t ies would not 
pose any s ign i fi can t hazards associated with electr ic fields or related 
effects , or ser iously affect other components of human health and welfare in 
the project reg ion . 

Operat ion of the interconnection would result pr imar ily in supply ing 
imported electr ical energy that will  be used to reduce oil consumpt ion in the 
region . The avai lab il i ty of the add i t ional electr i c i ty would a benefic ial 
effect on the economy and should enhance con tinued growth and improvement in 
the service area . 

Three pr inc ipal al ternat i ve DC corr idor routes and s i x  al terna t i ve 
converter terminal s i tes were cons idered . The al ternative routes and s ites 
were ident i fied on the bas is of e x i s t ing r ights -of-way or fac i l i t ies and 
provided an adequa te bas is for comparative evaluat ion . Th is evaluation found 
none of the corr idors or terminal s ites environmentally preferable to the 
proposed route or s i te .  

I f  DOE were to deny an amendment to PP-76 , the App l i can t could implement 
an al ternative act ion to obtain the necessary capac i ty or ma inta in the status 
quo ( no-act ion ) .  Al ternat ives to the proposed act ion that were evaluated by 
DOE include no act ion , cons truct ion and operation of new conventional or 
unconvent ional generating fac i l i ties , conservation and load management ,  
decentral ized energy sources , fuel convers ion , and purchase of power from 
other uti l i ties . All of these al ternat ives were deemed less des i rable than 
the proposed act ion e i ther because they were not deemed to be v iable 
alternatives or they would resul t in greater adverse environmental impacts 
than would the proposed action . 
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1 .  PURPOSE AND NEED 

1 . 1  I NTRODUCTION 

In  March 1 983 , the member ut i l i t ies of the New England Power Pool 
( NEPOOL ) *  en tered into a formal agreement with Hydro-Quebec to purchase 
33 b i l l ion ki lowatt hours ( kWh ) of surplus hydroelectric energy over an 1 1 -
year period beginn ing in 1 986 . To prov ide a means of del ivering th i s  energy , 
the construct ion of certa in transmission faci l i t ies was proposed . These 
facil ities , referred to as Phase I ,  included : ( 1 )  a ±450-ki lovolt  ( kV )  d irect 
current ( DC )  transmiss ion l ine extending from the U . S . -Canad ian border near 
the town of Norton , Vermont ,  to a site  adjacent to the exist ing Comerford 
generating station in the town of Monroe , New Hampshire , and ( 2 )  a converter 
terminal at the terminus of the DC transmiss ion l ine . On April  5 ,  1 984 , the 
Economic Regulatory Administrat ion ( ERA ) issued a Pres ident ial permit  in 
Docket PP-76 to the Vermont Electric Transmission Company ( VETCO ) authori z ing 
the construct ion , connection , operation , and ma intenance of these 
faci l ities . The Secretary of Energy , with concurrence by the Secretary of 
Defense and the Secretary of State , has the authority to grant or deny such a 
Pres idential permit for the construct ion of transmiss ion fac i l i t ies wh ich 
cross an in ternat ional border of the Un ited States . 

The environmental consequences of the construct ion and operat ion of the 
Phase I fac i l i t ies have been evaluated in an Environmen tal Impact Statemen t 
( E I S )  ( U . S .  Department of Energy 1 984 ) . The Phase I in terconnect ion is  
curren tly under construc t ion . The Phase I converter terminal was des igned 
with a capacity of 690 megawatts ( MW ;  1 megawatt = 1 000 k ilowatts ) to match 
the capab i l ity of the New England al ternat ing current ( AC )  transmiss ion sys tem 
to absorb the add i tional power del ivered to Monroe , New Hampsh ire . The ±450-
kV DC l ine was designed w i th the capab i l i ty to transmit  add i t ional levels of 
power should further contracts with Hydro-Quebec be deemed desirable . 

Subsequent to the issuance of Pres idential Permit  PP-76 , the members of 
NEPOOL concluded that add it ional purchases of hydroelectric energy would be 
beneficial to the New England reg ion . Accord ingly , NEPOOL , on behalf of its 
member u t i l i t ies , has s igned a firm energy contract w i th Hydro-Quebec for the 
purchase of an add it ional 70 b i l l ion kWh of energy over a 1 0-year period 
currently scheduled to begin in 1 990 . For NEPOOL to accept del ivery of this 
add i t ional hydroelectric energy , it  w i l l  be necessary for the Phase I 
facil i ties to operate at power levels above the 690-MW level prev iously 
authorized by Pres ident ial Permit  PP-76 . In  add i t ion , it  w i l l  be neces sary to 
construct certa in new facil i ties to transmit  th i s  add it ional hydroelectric 

*NEPOOL is  an operating en t ity within the Northeas t Power Coord inating 
Council , which is  one of n ine reg ional rel iabi l i ty councils  in North America . 
Al l plann ing , construct ion , and operation of generat ing and transmiss ion 
faci l i t ies are h ighly coordinated among NEPOOL members . Generat ing un its are 
cen trally controlled and NEPOOL members share in the economies achieved 
through all  pool ventures . A total of 92 ind ividual pub l ic and investor­
owned ut i l i t ies const i tute the NEPOOL organ i zation . Included among the 
92 ut i l i ties are 5 smal l investor-owned ut i l ities , 40 public or mun icipal 
ut i l i t ies , and 9 large investor-owned ut i l i t ies , which in turn represent 38 
subsid iaries or affil iated util ity compan ies . 
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energy to load centers in central New England . Consequently , on March 4 ,  
1 985 , VETCO appl ied to E RA to amend the President ial permit in Docket PP-76 to 
authorize an increase in the nominal operating level of the prev iously 
permitted fac i l i ties and the construct ion of certain new fac i l i ties requi red 
to impl ement the new energy purchase agreement w i th Hydro-Quebec . 

The purpose of th is E I S  is  to prov ide a sound envi ronmental evaluation as 
input to DOE ' s  future decision to grant or deny an amendment to PP-76 for the 
proposed addit ions to the New England Interconnection . To ensure public input 
to the planning and preparat ion of this E I S , publ ic scoping meetings were held 
in June 1 985 in Concord , New Hampshire , and Boston , Massachusetts . Dur ing 
those meet ings , DOE rece ived comments from agencies , groups , and 
ind ividuals . Special attent ion has been g iven in this document to the 
concerns ( e . g . , elect r ical effects on cattle and pipel ines in close proximity 
to the r ight-of-way ) and suggestions resul ting from the scop ing process . 

1 . 2 PROJECT SUMMARY AND PURPOSE 

1 . 2 . 1 Phase I I  Fac il it ies 

The proposed new fac i l i t ies , referred to as Phase I I ,  cons ist  of  three 
principal elements ( see Figure 1 . 1 ) .  The first is  the extens ion of the ±450-
kV DC transmiss ion l ine ( predominantly along exist ing transmiss ion r i ghts-of­
way ) between the town of Monroe , New Hampsh i re , and the town of Groton , 
Massachusetts , a distance of 2 1 4 . 4  ki lometers ( km )  ( 1 33 . 2  miles [ mi ] ) .  The 
second element is the construction of an 1 800-MW DC/AC converter terminal at 
the terminus of the proposed DC l ine , on a s ite straddl ing the town l ine 
between Groton and Ayer , Massachusetts , ad jacent to an existing 345-kV AC 
substat ion . The third element i s  the construct ion of two new 345-kV AC 
transmiss ion l ines w i th a comb ined length of 83 . 4  km ( 5 1 . 8  mi ) along exist ing 
transmi ss ion r ights-of-way . These new transmiss ion l ines are needed to 
reinforce the ex ist ing New England 345-kV AC transmission system and thereby 
allow the NEPOOL system to operate rel iably at the higher levels of import . 
The Phase I I  faci l i t ies are described in greater detail  in Section 2. 

The proposed project fac i l i ties are necessary to implement the new firm 
energy con tract between NEPOOL and Hydro-Quebec . The benefits that would 
accrue to the New Eng land reg ion as a resul t of the Phase I I  energy contract 
include ( 1 )  the d i splacement of  1 2  mill ion barrels of oil per year that would 
otherwise be used to generate electricity ; ( 2 )  a reduct ion in the cost of 
electr i c  generat ion w i th a concomitant reduct ion in the fuel componen t of 
customers ' electr i c i ty bills ; and ( 3 ) a reduction of 900 MW in the amoun t of 
new , as yet unplanned , generating capacity required to maintain adequate 
levels of electr ic  reliab i l ity in the New England reg ion . 

1 . 2 . 2  Phase I I  Energy Con tract 

The Phase I I  agreement that has been negot iated between NEPOOL and Hydro­
Quebec provides for the guaranteed del ivery by Hydro-Quebec of 7 bil lion kWh 
of energy per year for the 1 0-year term of  the agreement beginn ing in 1 990 . 
For the years 1 990 through 1 996 , th is 7 b i l l ion kWh per year wil l be in 
add i t ion to the 4 b i l l ion kWh per year expected to be del ivered under the 
terms of the Phase I energy contract ( see Volume 1 ,  p .  29 , of the Appl icant ' s  
Env i ronmental Report [ here inafter referred to as the "ER" ] ) .  
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The pr1c1ng prov1s1ons of the Phase I I  agreement prov ide that for each of 
the first 5 years of the contract , the pr ice of the imported energy w i l l  be 
80% of NEPOOL ' s average fos s i l  fuel costs ( in ¢/kWh ) in curred dur ing the 
prev ious year . Dur ing the second 5 years , the 80% figure would increase to 
95% . The average fossil  fuel cost reflects the we ighted average cost of 
energy generated from the use of coal , o i l , and natural gas . 

1 . 3 COST/BENEFIT OF PROPOSED ACT ION 

The proposed action should provide economic benefits to the New England 
reg ion in three ways : ( 1 )  reduced fuel costs through a reduction in the 
amount of oil  used to generate electr ic energy ; ( 2 )  a reduc t ion of 900 MW in 
the amount of new generating capacity requi red to maintain the des ired level 
of reliab i l i ty on the NEPOOL sys tem dur ing the mid- 1 990s ; and ( 3 )  a reduction 
in the electr ical losses incurred when transmitting el ectr ic  energy to the 
load centers in southern New England . 

1 . 3 . 1 Fuel Cos t  Savings 

The Applicant est imates that the cumulative present worth ( in 1 990 
dollars ) of the sav ings in foss il  fuel costs over the 1 0-year period of the 
Phase I I  agreement will be $ 1 . 37 billion . *  In current dollars , savings would 
range from about $ 1 50 mill ion in 1 99 1  to about $500 mill ion in the year 2000 . 

DOE Staff has reviewed the assumpt ions and methodology used in this 
analys is and has determined tha t both appear to be reasonable .  However , 
because the impor ted energy will  be pr iced relative to fos s i l  fuel costs and 
displace oil-fi red generat ion almost exclus ively , fuel cost savings will  vary 
d irectly with fuel prices in general and par t icularly with the future pr ice of 
oil . Al though some sav ings in fuel costs will  resul t from any and all fuel 
price levels ( because the imported energy is priced at less than 1 00% of 
actual costs ) ,  a drastic reduct ion in the price of fuel could reduce savings 
to the po int that the entire Phase I I  project was no longer economically 
v iable . In  order to evaluate this poss i b i l ity ,  DOE Staff performed a 
sens itivity analys is in which the projected price of fos s i l  fuels was var ied 
±25% from the base values used in the Appl icant ' s  analys is . ** 

The Applicant has est imated that the cumulative presen t worth of fuel 
cost savings ( in 1 990 dollars ) would be $ 1 . 3  b i l l ion over the 1 0-year l i fe of 
the Phase I I  firm energy contract . By increasing the projected price of 
foss i l  fuels 25% , these savings increased to about $ 1 . 7 b i l l ion .  A 25% 
reduction in the est imated price of foss i l  fuels reduced est imated g ross 
savings in fuel costs to $ 1 . 0 b i l l ion . 

*The methodology and the assumpt ions used in this analysis  are descr i bed on 
pages 23 through 54 of Volume 1 of the ER . 

**Base fuel pr ices used in the Appl icant ' s  analys is appear on pages 3 1  and 32 
of Vol . 1 of the ER . These proj ected prices were developed by Data 
Resources , I nc . in January 1 985 . Mid-sul fur fuel prices ranged from 
$29/barrel and $83/ ton in 1 990 to $ 78/barrel and $ 1 75/ton in the year 2000 . 
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DOE Staff analys is further indicated that the projected price of fos s i l  
fuels  must drop 60% from the base values before the Phase I I  pro j ect becomes a 
questionable economic choice . This 60% reduction in proj ected fuel pr ices 
woul d  equate to $ 1 1 /barrel oil and $33/ton coal pr ices in 1 990 and $28/barrel 
oil and $65/ton coal pr ices by the year 2000 . 

1 . 3 . 2  Capac ity Benefi ts 

The terms of the Phase I I  firm energy contract prov ide for a high degree 
of control by the Appl icant in schedul ing or "call ing for"  the del ivery of 
energy from Hydro-Quebec . The Appl icant is  not purchas ing capa c i ty . However , 
by performing rel iab i l i ty analyses , the Appl ican t has determined that the 
Phase I I  contract w i l l  reduce by 900 MW the amount of new generating capac i ty 
requ i red to maintain the des i red level of rel iab i l i ty on the NEPOOL sys tem 
dur ing the mid- 1 990s . 

I n  determin ing the economic benefits of this 900-MW reduction in new 
capacity requi rements , the Appl icant assumed that the capacity would have come 
from the installation of gas turbines . The DOE Staff feel s  that th is i s  a 
reasonable assumpt ion s ince gas turb ines have a relat ively low cap i tal cos t ; 
are quickly instal led ; and are instal led , generally , for rel iab i l i ty reasons 
only . 

The economic  analys is performed by the Appl icant shows that the " capacity 
benefit"  of the proposed act ion ( when coupled w i th the Phase I I  firm energy 
contrac t )  reduces the revenue requirements assoc iated w i th new capacity 
add i t ions by $320 mill ion on a cumulative present worth bas i s  ( in 1 990 
dollars ) .  

1 . 3 . 3  Reduct ion in I ncremental Energy Losses 

The net change in energy losses assoc iated w i th the proposed action has 
three components : ( 1 )  an increase in losses assoc iated with installation of 
the Phase II  DC fac il it ies , ( 2 )  an increase in losses assoc iated w i th the 
increased energy flow through the Phase I DC fac i l it ies , and ( 3 )  a reduct ion 
in losses on NEPOOL ' s  exist ing AC transmiss ion sys tem . 

The increased losses assoc iated with the DC system produce a cos t  
increase of approx imately $63  mill ion ( cumulative present wo rth ) in 1 990 
dollars . Reduced losses on the._ ex isting AC system produce savings of 
approx imately $ 1 02 mill ion . The result is  a net sav ings of  approx imately 
$39 mill ion ( E R ,  Vol . 1 --p . 45-50 ) .  Vary ing the proj ec ted pr ice of o i l  ( as 
d iscussed in Section 1 .  3 .  1 )  w i l l  produce d ifferences in incremental energy 
loss savings . These d i fferences are noted in Table 1 .  1 .  

1 . 3 . 4  Gross Savings 

Table 1 .  1 shows the est imated gross savings for the Phase I I  project 
under each of the oil pr ice scenarios considered . 
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Table 1 . 1  Gross Sav ings 
(mill ions of 1 990 dollars ) 

Fossi l  Fuel Capac ity I ncremental Gross 
Fuel Pr ices Cost Sav ings Cred it  Loss Savings Sav ings 

-60% 550 320 1 6  886 

-25% 1 , 020 320 29 1 ' 369 

Base 1 ' 370 320 39 1 ' 729 

+25% 1 ' 700 320 49 2 , 06 9  

1 . 3.5 Costs 

The total cap i tal cos ts assoc iated with the Phase I I  fac i l i t ies are 
est imated to be $585 mill ion in  current dollars. Table 1 .  2 con ta ins a 
breakdown of these costs for each component of the project. 

The Appl icant conducted a revenue requ irements analys is over the l i fe of 
the Phase I I  firm power agreement. Table 1 .  3 con ta ins the economic assump­
tions used in that analys is. The resul ts of the analys i s  show that a 
$585 m i l l ion project cost would produce $897 mill ion of revenue requi rements 
on a cumulative present worth bas i s  ( 1 990 dollars ) .  

The capital costs of the project were determined on the bas i s  of "study 
grade" est imates that the Appl ican t feels  are accurate to only ±25%. I n  
recogni t ion o f  this fact , the Appl ican t performed add i t ional revenue 
requi rement analyses for projected capi tal costs of $440 m i l l ion ( 25% lower 
than the base est imate ) and $730 mi ll ion ( 25% higher than the base 
est imate ) .  

Us ing the assumpt ions in  Table 1 . 3 ,  the $440 mill ion cap i tal cost 
est imate produced revenue requi rements of $675 m i l l ion ( cumulat ive present 
worth , 1 990 dollars ) .  With cap i tal costs of $ 730 mill ion , revenue 
requ irements would increase to $ 1 , 1 1 9 mill ion. 

1 . 3.6 Net Benefits 

Table 1 . 4 compares est imated project costs with projec ted benefits. 
Costs are represented by the cumulati ve present worth of revenue requ irements 
generated by the capital costs of the project . Project benefits include the 
est ima ted gross savings from fuel costs , capac ity credits , and reduc tions in 
incremental energy losses. 

Table  1 . 4 shows that the economic effects to the New England reg ion could 
range from a net cost of $233 mill ion to a net sav ings of $ 1 .4 b i l l ion over 
the 1 0-year l i fe of the Phase I I  firm energy contract. It is  s ignificant to 
note , however , that a net cos t  of $233 mill ion would resul t only for the most 
pessimistic scenar io of h ighest cap i tal cost and lowest cost of foss i l  fuel . 
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Table  1 . 2 .  Cap ital Construct ion Cost Est imate 
for Proposed Fac i l i t ies 

Cap ital Cons truct ion 
Cost Estimatea 

I tem ( m i l l ions of dol lars ) 

1 33 . 2  miles of ±450-kV DC 
transmiss ion l ine 

One 1 800-MW conver ter terminal 
connected to Sandy Pond substation 

36.0 miles of 345-kV AC transmiss ion 
l ine connecting Sandy Pond and Millbury 
No . 3 substations 

1 6 . 1 miles of 345-kV AC transmiss ion 
l ine connecting Mil lbury No . 3 and 
West Medway substat ions 

345-kV AC circu i t  breakers and 
miscel laneous equipment at Sandy Pond , 
Millbury No . 3 ,  and Wes t  Medway subs tations 

Remove and rebuild two sections of two 
1 1 5-kV AC transmiss ion l ines and remove 
and rebu ild  por t ions of two 69-kV AC 
transmiss ion l ines and support structures 
on the Sandy Pond to Millbury r igh t-of-way ; 
ins tal l 1 1 5-kV AC c ircu it  breakers and 
miscellaneous substat ion equ ipment 

Other miscellaneous fac il it ies 

TOTAL 

1 82 . 0  

252 . 0  

40 . 5  

1 7 . 7  

1 8 . 3  

4 6.5 

28 . 0  

$585 . 0  

a Cap i tal construction cost est imate represen ts the sum of curren t-year 
construction , escalat ion , and al lowance for funds used dur ing construc­
tion ( AFUDC ) cost est imates . 
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Table 1 . 3 .  Assumpt ions Used in Revenue 
Requirements Analysis  

Cost of Money : DC fac i l i t ies : 

AC l ines : 

60% Debt @ 
40% Equity @ 
We ighted Total 

45% Debt @ 
1 0% Preferred 

Stock @ 
45% Equity @ 
We ighted Total 

1 1 .  O% 
1 4 . 0% 
1 2 . 2% 

1 1 .  O% 

1 0 . 0% 
1 4 . 0% 
1 2 . 25% 

Present Worth Rate : 1 0 . 4% 

Property Taxes : Converter : 
AC and DC l ines : 
Escalat ion Rate : 

O&M Costs : Conver ter : 
DC l ine : 
AC l ines : 
Escalation Rate : 
Land / Right-of-way 

lease charges : 

Life of Fac il ities : Tax :  

Book : 

Normal ized : 

Tax Rates : Federal I ncome : 
Massachusetts Income : 
New Hampshire Income : 
I nvestment Tax Cred i t : 

Depreciat ion : Book : 
Tax : 

In-Serv ice Date : 

Source : E R ,  Vol . 1 --pp . 40-4 1 . 

1 . 0% of project capital cost 
2 . 5% of project cap ital cost 
2 . 5% per year 

1 . 9% of project cap ital cost 
0 . 6% of project cap i tal cos t 
0 . 7% of pro j ect  cap ital cost 
5 . 0% per year 

2 . 3% of pro j ect  cap ital cos t 

1 5  years for personal property 
1 8  years for real property 

1 0  years for DC l ine and converter 
30 years for AC l ines 

1 0  years for DC l ine and converter 
30 years for AC l ines 

4 6 . 0% 
6 . 5% ( 70% subj ect to income tax ) 
9 . 03% ( 30% subject to income tax ) 

1 0 . 0% deferred and amorti zed over 
book l i fe 

Straight l ine  
Rate set  by  Accelerated Cos t 

Recovery System tax laws 

December 1 990 



Foss i l  
Fuel Prices 

-60% 

-25% 

Base 

+25% 
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Table 1 . 4 .  Net Benefits of the Proposed Project 
( mi l l ions of 1 990 dollars ) 

Gross ProJect Costs 

Sav ings Cap i tal Costs C . P  . W .  Rev .  Req . a 

886 +25% 1 ' 1 1 9 
Base 897 
-25% 6 75 

1 ' 369 +25% 1 ' 1 1 9 
Base 897 
-25% 675 

1 ' 729 +25% 1 ' 1 1 9 
Base 897 
-25% 6 75 

2 , 069 +25% 1 ' 1 1 9 
Base 897 
-25% 6 75 

a C . P . W .  Rev .  Req . = Cumulative presen t worth revenue requi remen ts . 

Net 
Benefits 

-233 
- 1 1 
2 1 1 

250 
4 72 
694 

6 1 0  
832 

1 , 054 

950 
1 , 1 72 
1 , 394 

In add it ion to the economic benefits identified above , the cons truct ion 
of the Phase I I  fac i l i t ies could provide other benefits not yet quan t ified . 
These poten t ial benefits include : 

• The opportun i ty for increased energy banking whereby NEPOOL members 
could transmit relat i vely inexpens ive energy north to Quebec dur ing 
off-peak per iods and rece ive equal amounts of energy dur ing on -peak 
periods when generat ion costs in New England are much higher . The 
bas i c  Energy Banking Agreement was estab l i shed under Phase I but the 
amount of energy bank ing was l imi ted to power l evels of 690 MW by the 
capacity of the Phase I fac i l i t ies . Construct ion of the Phase I I  
fac i l i t ies would raise the potential level of energy bank ing to almost 
2000 MW. 

• Addi tional opportuni t ies for energy interchange , whereby i f  Hydro­
Quebec has add i t ional surpluses of energy , it could sell the surpluses 
to New England at a fract ion of New England ' s  avo ided fuel cos t . 

• I ncreased ab i l i ty to make emergency transfers of power to e i ther side 
of the border for mutual rel iab i l i ty purposes . 

1 . 4 RESOURCE PLAN AND SUPPLY REQUI REMENTS 

The Appl ican t is a member of NEPOOL and as such it is relevan t to 
consider the supply and demand s i tuation on a NEPOOL bas is . 

As shown in Table 1 .  5 ,  the NEPOOL region is  heav ily  dependent upon o i l  
( mostly foreign ) for the production o f  electr ic  energy . I n  1 984 , 37% of all 
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Table 1 . 5 .  NEPOOL Generat ing M i x  

Installed Generating Capac i ty ( w inter ) 

1 985 Actuala 1 994 Projecteda 

Source of Energy 

O i l  
Natural 
Coal 
Nuclear 
Hydro 
Otherb 

TOTAL 
- - - -

Gas 

- - - - - - - - -

MW 

1 1  '03 1 
2 1  

2 , 627  
4 , 322 
2,970 

92 1 
2 1  ' 892 

- - - -

% 

5 1  

1 1  
2 1  
1 3  
4 

1 00 
- - - - -

Electrical Energy 

MW 

9 ' 7 1 1 
22 

3 , 4 1 2  
6,622 
2,988 
2,963 

25 , 7 1 8  
- - - -

Generated 

- - - -

% 

38 

1 3  
26 
1 1  
1 2  

1 00 

1 984 Actualc 1 994 Projectedc , d  

Source of Energy Mill ion MWh % M i l l ion MWh % 

Oi l  34 . 1 37 1 7 . 7  1 5  
( 24 . 7 )  ( 2 1 ) 

Natural Gas 3 . 4  3 0 0 
Coal 1 4 . 7  1 6  22 . 2  1 9  
Nuclear 23 . 8  26  40 . 7  36 
Hydroe 4 . 5 5 4 . 2 4 
Otherf 1 . 1  1 1 0 . 2 9 
Net Purchases 1 1 . 5 1 2  1 9 . 6  1 7  

( 1 2 . 6 )  .u_u 
TOTAL 93 . 1 1 00 1 1 4 . 6 1 00 

a Source : New England Power Pool ( 1 985 ) . 
b Values for 1 985 include 53 MW of wood-burn ing capac ity , 1 8 1  MW of cogenera­

tion , and 687 MW of net purchases and sales . Values for 1 994 include 53  MW 
of wood-burn ing capac ity , 1 1 58 MW of cogenerat ion , 1 745 MW of  net purchases 
and sales , and 7 MW miscellaneous . 

c Source : Nor th Amer ican Electric  Rel iab i l i ty Council  ( 1 985 ) . 
d These values represent projected generat ion for each fuel type if the 

proposed pro j ect is installed . The values in parentheses represent pro­
jected generat ion if the proposed project is  not installed . 

e Values shown are net of pumped hydro pump ing losses . 
f I ncludes cogenerat ion of 0 . 9  mill ion MWh in 1 984 and 9 . 7  m i l l ion MWh in 

1 994 . The rema in ing energy is  made up of  generat ion from wood and refuse . 
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electr i c i ty generated in the New England area was produced by burning o i l . 
However ,  future supply plans developed by NEPOOL ( New England Power Pool 
1 985 ) *  could reduce the region ' s  dependence on imported oil  for the product ion 
of electric energy to about 1 5% of total electric generation by 1 994 . These 
plans call for the installat ion of 2300 MW of nuclear capac ity, the convers ion 
of approx imately 1 1 00 MW of o i l -fired capac ity to coal-fi red operation, the 
development of approx imately 1 000 MW of cogenerat ion in the reg ion, and the 
importation of hyd roelectric  energy through the terms of the 
New England/Hydro-Quebec Phase I and Phase I I  agreemen ts . 

Tabl e  1 . 5 also shows that w i th the construction of the Phase I I  
faci l i ties and the implementat ion of the Phase I I  firm energy contract, oil­
fi red generation in New England in 1 994 is  projected to  reach 1 7 . 7  mill ion MWh 
( 1 5% of total generat ion ) .  This w i l l  require the burn ing of approximately 
29 mill ion barrels of o i l . 

I f  the energy from the Phase I I  agreement were not avai lable, o i l -fi red 
generation in 1 994 would r ise to 24 . 7  mill ion MWh ( 2 1 %  of total generation ) .  
Th is would require the burn ing of approximately 4 1  mill ion barrels of oil--
1 2  mill ion barrels more than with the energy from the Phase I I  firm energy 
contract .  Oil-fired generation is  operated in New England for almost all 
hours of the day . Any imported energy would d i splace almost 1 00% o i l  no 
matter what time of the day it was rece ived . A heat rate of 1 0,000 Btu/kWh 
and a heat ing value of o i l  of 6 mill ion Btu/barre l were used in converting 
oil-fi red energy to barrels of o i l  d i splaced . 

An add it ional impact of the Phase I I  interconnect ion and the Phase I I  
fi rm energy contract i s  to reduce the amoun t of generat ing capac i ty required 
to maintain adequate levels of reliab i l i ty . In  order to determine the 
"capac i ty benefit "  of the interconnect ion , the Appl icant performed a loss-of­
load analys is . This analys is  considers the var iab il ity of system load and the 
random outages of generat ing un its in determin ing the probab i l i ty that the 
amount of generat ing capacity ava i lable at any time would not be suffic ient to 
supply all  of the customer demand for electr icity . Based on this analys is, 
the Appl i cant has determined that the " capacity benefi t" of Phase I I  i s  
equ ivalent t o  900 MW .  

Another measure of  system reliabi l i ty is  the capaci ty reserve marg in . 
Reserve margins are defined as the difference between planned resources and 
peak demand, expressed as a percentage of peak demand . The resource plan 
submitted by the Applicant shows that NEPOOL will  have reserve margins rang ing 
from a low of 1 7 . 5% to a h igh of 4 3 . 2% during the 1 0-year per iod of the 
Phase I I  agreemen t .  Wi thout the 900 MW " capac i ty benefit" associated with 
Phase I I ,  the range of NEPOOL reserve margins would drop to between 1 3 . 4% and 
38 . 3% .  Deta ils  of the NEPOOL reserve marg ins for the 1 0-year per iod of the 
Phase I I  agreement appear in Table 1 . 6 .  

I t  i s  typical for ut i l ities to plan for reserve margins between 1 5% and 
25% . However, var ious ut i l i ty system character ist ics, such as average 

*Throughout this document ,  complete c i tations for references c i ted in a 
chapter are l isted at the end of that chapter .  
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Table 1 . 6 .  NEPOOL Load and Generat ing Capac i ty Project ions 

Total Total 
NEPOOL NEPOOL NE POOL Reserve Marginsa 

Load Capac itya 

Year ( MW )  ( MW )  ( MW )  % 

1 99 1  1 8 , 4 00 26 , 356 7 , 956 43 . 2  
( 25 , 456 ) ( 7 , 05 6 ) ( 38 . 3 )  

1 992 1 8 , 873 25 , 904 7 , 03 1  37 . 3  
( 25 , 004 ) ( 6 , 1 3 1 ) ( 32 . 5 )  

1 993 1 9 , 303 25 , 820 6 , 5 1 7  33 . 8  
( 24 , 920 ) ( 5 , 6 1 7 )  ( 29 . 1 )  

1 994  1 9 , 586 25 , 7 1 9  6 '  1 33 3 1 . 3  
( 24 , 8 1 9 )  ( 5 , 233 ) ( 26 . 7 )  

1 995 20 , 040 25 , 468  5 , 428 27 . 1 
( 24 , 568 ) ( 4 , 528 ) ( 22 . 6 )  

1 996 20 , 44 1  25 , 098 4 , 657 22 . 8  
( 2 4 , 1 98 )  ( 3 , 757 ) ( 1 8 . 4 )  

1 997 20 , 79 1  25 , 075 4 , 284 20 . 6  
( 24 ' 1 75 )  ( 3 , 384 ) ( 1 6 . 3 )  

1 998 2 1 ' 1 06 25 , 077  3 , 9 7 1  1 8 . 8  
( 24 ,  1 77 )  ( 3 , 07 1 ) ( 1 4 . 6 )  

1 999 2 1  ' 388 25 , 4 1 6  4 , 028 1 8 . 8  
( 24 , 5 1 6 )  ( 3 '  1 28 )  ( 1 4 . 6 ) 

2000 2 1 , 809 25 , 634 3 , 825 1 7 . 5  
( 24 , 734 ) ( 2 , 925 ) ( 1 3 . 4 )  

a These values represent NEPOOL ' s  total generating resources and capac i ty 
reserve margins assuming a 900-MW capacity benefit of the Phase I I  fac il i-
t ies and firm energy con tract . The values in parentheses represent the 
NEPOOL resources and reserve marg ins that would resul t if the Phase I I  
fac i l i t ies were not ins tall ed and the Phase I I  firm energy con tract were 
not in place . 
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generating un i t  s ize , number and type of un i ts , un i t  ava ilab i l i t ies , and other 
factors can cause the level of reserves required for adequate reliab i l i ty to 
vary considerably from system to system. Consequen tly , the projected range of 
capac ity reserve margins ( w i th and without Phase I I )  for the NEPOOL system 
cannot be construed as e i ther inadequate or excess ive w i thout further detai led 
studies. 
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2 .  PROPOSED ACT ION AND ITS ALTERNATI VES 

2 . 1 PROPOSED ACTION 

The proposed action is  to amend Pres ident ial Permit  PP-76 , gran ted to the 
Vermont Electric Transmiss ion Company ( the Appl icant ) ,  to allow member 
uti l i ties of the New England Power Pool ( NEPOOL ) to purchase add it ional 
quan t i t ies of energy from Hydro-Quebec , the provincial ut i l i ty of Quebec , 
Canada , and to cons truct several new fac i l i t ies in order to util ize the 
add it ional power purchased under the proposed amendment. The new fac i l it ies 
( see F igure 1 . 1  in Chapter 1 )  include ( 1 )  an extens ion of the ±450-k i lovolt 
( kV )  d irect curren t ( DC )  l ine author ized in the o r ig inal Pres ident ial permit  
by about 2 1 4  km ( 1 33 mi ) southward from the Comerford converter terminal in 
Monroe , New Hampshire , to a locat ion between Groton and Ayer , Massachusetts ; 
( 2 ) a new 1 800-megawatt ( MW )  converter terminal ( referred to as Sandy Pond ) at 
the terminus of the new DC transmiss ion l ine ; ( 3 )  two new 345-kV al ternat ing 
current ( AC )  transmiss ion l ines ex tending a total of 84 km ( 52 mi ) from an 
exist ing substat ion adj acent to the proposed converter terminal to an ex isting 
substation in Millbury and thence to an exist ing substation in Medway , 
Massachusetts ; and ( 4 )  an expans ion of the Phase I ground electrode system in 
L isbon , New Hampshire . The construct ion of these fac i l i t ies is  herein 
refer red to as Phase I I  of the New England/Hydro-Quebec I n terconnect ion . 

One of the data sources used for the descr iption of the proposed Phase I I  
proj ect i s  the Appl icant ' s  Envi ronmental Report , submitted to the U . S .  Depart­
ment of Energy ( DOE ) as par t  of Docket PP-76A from May to September 1 985 ; 
here inafter th is report is  referred to as the "ER" . Along the proposed route , 
data are comp i led pr imar ily by town , which is  a geograph ical and govern ing 
un i t  somewhat analogous to townships in other regions . Several towns make up 
a county , and a town may include several v i l lages or populat ion 
concentrat ions . For the purposes of this report , the term " town" has been 
used to ind icate the larger geographical and govern ing un it . 

2 . 1 . 1  Study Area Select ion and Descr iption 

The term " study area" as used in th is document refers to those areas 
invest igated in order to characterize the env i rons and evaluate the potent ial 
impacts of the proposed project . For a g iven resource , the s tudy area was 
chosen so as to ( 1 )  prov ide sufficien t  data in  a context broad enough to al low 
descript ion of the exist ing cond i t ion of that resource , and ( 2 )  encompass the 
area within wh ich impacts could be reasonably expected to occur . Thus , the 
extent of a spec ific s tudy area depended on the environmental resource be ing 
cons idered . For instance , the socioeconomic study areas were based pr imarily 
on town , or in some cases county , boundaries along the proposed route ; wh ile  
climatic considerations were based on a broader area ( central Massachusetts 
and interior New Hampsh i re ) . I n  a s imilar manner , cons ideration of expected 
level of impact to so ils  and vegetat ion was confined ma inly to the actual work 
areas ; while evaluat ion of v isual impacts involved cons idering an extended 
area away from the immed iate pro j ect s i te . Descr ipt ions for the study area 
cons idered for each resource ( o r  affected envi ronmental parameter ) are 
prov ided in Sect ion 3 .  

2- 1 
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2 . 1 . 2 Corr idor and Route Selection 

Based on its rev iew of the general purposes of the proposed act ion , route 
select ion and fac il i ty s iting procedures , and other issues involved ( ER ,  
Vol . 4 ) , the DOE Staff concurs with the Appl icant that because o f  economic , 
env ironmental , and service rel iab i l i ty cons iderat ions the proposed route ( and 
al ternat ives ) should meet the fol low ing criteria : 

( 1 )  The northe rn terminus should be located at the Comer ford converter 
terminal s i te ( built  dur ing Phase I )  in order to avo id the 
requ i rements of bu ilding a new DC l ine from the Canad ian border ; 

( 2 )  The southern terminus should be located based on sys tem rel iab i l i ty 
and economic cons iderations of AC transmiss ion system re inforcements 
that would be requ ired in assoc iat ion w i th the new converter 
terminal ; and 

( 3 )  Both the DC and AC transmiss ion l ines should be located , whe re 
pract ical , w ithin ex isting util ity corridors . 

Use of ex isting corr idors is  cons istent w i th federal rout ing guide­
l ines . Add i t ionally , any rout ing outs ide of exist ing , ded icated , and al ready 
util ized corr idors would lead to far greater economic and adverse 
envi ronmental impacts . Locat ions where new transmiss ion l ines could be s i ted 
on or adj acen t to ex isting transmiss ion l ine r ights-of-way were i n i tially 
iden t i fied by the Appl ican t . In  total , n ine transmiss ion-l ine plans were 
evaluated based on s i x  potential locations for the Phase I I  converter 
terminal . These al ternatives allowed compar isons of AC vs . DC l ines 
( converter located at Comerford , New Hampshire ) , a compromise between AC and 
the planned DC extens ion ( converter located at London berry , New Hampsh ire ) , 
and al ternat ive locations for the converter terminal w i th the proposed DC 
extens ion ( converter terminal located at Ludlow , M i l l bury , Tewksbury , or Sandy 
Pond , Massachusetts ) . The proposed route was then determined based on 
add i t ional factors suggested by local autho r i t ies , local plann ing and zoning 
regulations , cost and engineer ing cr i teria , and environmental and land-use 
factors . ( A  map show ing the proposed route and the three alterna t i ve routes 
is provided in Figure 2 .  1 . )  Pub l i c  opin ion on the proposed route was next 
sol ici ted and cons idered through procedures requi red by the states of 
New Hampshire and Massachusetts and through a pub l i c  scoping meet ing conducted 
on June 4 and 5 ,  1 985 , by the U . S .  Departmen t of Energy . Tha t meet ing was 
designed to sol icit  concerns and suggestions from property owners , local 
residents , government agenc ies , and pub l i c  interest groups . The Staff concurs 
with this approach . 

2 . 1 . 3 Descr ipt ion of the Proposed Route 

The proposed route ( Figures 2 . 2  through 2 . 4 )  would beg in at the Phase I 
converter terminal s i te in the town of Monroe , New Hampshire . The first 
port ion of the route would be for the new ±450-kV DC transmiss ion l ine that 
would extend 2 1 4  lan ( 1 33 mi ) to the Gro ton/ Ayer town l ine in Massachusetts . 
Except for the first 1 . 3 lan ( 0 . 8  mi ) ,  which would be on ex isting util ity 
property , the DC l ine would be located entirely w i thin occup ied transmiss ion 
l ine r ights-of-way . For the first 1 8 1  lan ( 1 1 2 . 5  mi ) from Monroe to Sandy Pond 
Junction ( in Hudson , New Hampshire ) the DC l ine would be located be tween two 
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s ingle-circui t ,  230-kV AC transmiss ion l ines , extending in a south­
southeasterly d i rection . The proposed DC l ine would then depart from the 
230-kV AC transmiss ion l ine r ight-of-way in a south-southwesterly d i rect ion 
and would be in an existing 345-kV AC transmiss ion l ine r ight -of-way between 
Sandy Pond Junct ion and Groton/ Ayer Massachusetts , a d is tan ce of 33 km 
( 20 . 5  mi ) . The terminus of the proposed DC 1 ine would be at the proposed 
1 800-MW converter terminal at a site  straddl ing the town l ine between Groton 
and Ayer , Massachusetts . The converter terminal would be constructed ad jacent 
to an existing 345-kV AC substation known as Sandy Pond substat ion . 

A new 345-kV AC transmiss ion l ine is proposed to be bu i l t  on an ex isting 
r ight-of-way between the Sandy Pond substation in Ayer , Massachusetts , and the 
existing Millbury No . 3 345-kV AC substation in M i l l bury , Massachusetts . From 
the Sandy Point substat ion , th is l ine would ex tend in a south-southwesterly 
d irect ion to the town of West Boylston , from where i t  would turn south to the 
Millbury No . 3 substa t ion . The l ine would traverse a distance of about 58 km 
( 36 mi ) and would  be located on an existing r ight-of-way between an e x i s t ing 
345-kV AC transmiss ion l ine and two ex ist ing 1 1 5-kV AC transmiss ion l ines . 
For the major ity of th is r ight-of-way , the ex i s t ing s ingle-circu i t , 1 1 5-kV AC 
steel -lattice structures would be removed and replaced w i th double-c ircu i t , 
s ingle-shaft , steel -pole s tructures ( ER ,  Vol . 2--F igs . I I -7 , I I - 1 0 ,  I I - 1 1 ,  and 
I I - 1 2 ) . Where the proposed 345-kV AC l ine would cross the Wachusett 
Reservoir , the ex i s t ing 69-kV AC structures would be removed and replaced by 
steel -pole H-frame cross ing structures ( ER ,  Vol . 2--Fig . I I -9 ) . 

A second new 345-kV AC transmiss ion l ine  would extend from the Millbury 
No . 3 substat ion to the West Medway substation in Medway , Massachusetts . This 
l ine would run in an east-southeasterly d i rect ion for approx imately 26  km 
( 1 6 mi ) .  The transmiss ion l ine would  be located on an ex i s t ing  r ight-of-way 
and would parallel an existing 345 -kV AC l ine and two ex i s t ing 1 1 5-kV AC 
l ines . 

2 . 1 . 4 Proposed Des ign and Cons truct ion Act i v i t ies 

2 . 1 . 4 . 1 Des ign Descript ion 

Line Specificat ions 

Bas ic des ign parameters for the proposed DC transmiss ion l ine are l isted 
in Table 2 . 1 .  Each of the two current-carry ing pole  conductors would cons ist 
of three-bundle alum inum and steel ( ACSR ) subconductors .  The subconductors 
would be install ed in an inverted tr iangular format ion ( i . e . , apex down ) . 
There would also be a s ingle , dedicated metall ic return conductor extending 
the length of the DC l ine . It would connect the new converter terminal to the 
ground electrode via the Phase I converter terminal -ground electrode 
connection . 

The conductors would be protected from l ightn ing str i kes by installat ion 
of a buried counterpo ise wire and two aer ial g roundw ires ( shield wires ) , one 
above each conductor bundle . 

Basic des ign parameters for the two proposed AC transmiss ion 1 ines are 
l isted in Table  2 .  2 .  The three current-carry ing pole  conductors would each 
consist of two-bundle ACSR subconductors . The subconductors would be spaced 
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Table 2 . 1 .  Des ign Parameters for Proposed DC Transmiss ion L ine for 
Phase I I  of the New England/ Hydro-Quebec I n terconnect ion 

Length of l ine 

Voltage 

Configuration 

Capacity 

Conductor type 

Conductor size  

Minimum clearance : conductor 
to ground at mid-span 

L ightn ing protection 

Tangent structures 

Height of tangent structures 

Average span leng th 

Right-of-way width 

a ROW = R ight-of-way . 

Source : ER , Vols . 1 -3 .  

2 1 4 . 4  km ( 1 33 . 2  mi ) 

±450 kV DC 

Bipolar , hor izontal pole spac ing 

1 800 MW 

Alum inum/steel 

50 mm ( 2  in ) nominal d i ameter 

1 2 . 2  m ( 40 ft ) 

Two aer ial shield wires and a bur i ed 
long itud inal counterpoise w i re attached 
to each s tructure .  

Lattice steel H-frame ( first 1 8 1  km 
[ 1 1 2 . 5  mi ] ) ,  s ingle-shaft s teel-pole 
( last 33 . 3  km [ 20 . 7  mi ] )  

22 . 9-35 . 1 m ' ( 75- 1 1 5 ft ) ;  27 . 4  m ( 90 ft ) 

1 83 m ( 600 ft ) 

6 1  m ( 200 ft ) for first 1 . 3 km ( 0 . 8  mi ) ;  
w i thin 1 07 -m ( 350-ft ) ROWa for next 
1 73 . 5  km ( 1 07 . 8  mi ) ; w i thin 1 72 . 7-m 
( 566 . 5-ft ) ROW for next 6 . 3  km ( 3 . 9  mi ) ;  
within 82-m ( 270-ft ) ROW for next 
1 3 . 7  km ( 8 . 5  mi ) ;  wi thin 76-m ( 250-ft ) 
ROW for next 1 0 . 3  km ( 6 . 4  mi ) ;  w i thin 
1 02-m ( 335 -ft ) ROW for next 6 . 6  km 
( 4 .  1 mi ) ;  and w i thin 7 6 -m ( 250-ft ) ROW 
for last 2 . 7  km ( 1 . 7 mi ) 
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Table 2 . 2 .  Des ign Parameters for Proposed AC Transmiss ion L i nes for 
Phase I I  of the New England/Hydro-Quebec I nterconnect ion 

Length of l ines 

Vol tage 

Conductor type 

Min imum clearance : conductor 
to ground at mid-span 

L ightn ing protec t ion 

Tangent structures 

He ight of tangent 
structures 

Average span length 

Right-of-way width 

Source : E R ,  Vol . 2 .  

58 krn ( 36 mi ) and 26 krn ( 1 6 . 1  mi ) 

345 kV AC 

Alum inum /steel 

7 . 6  m ( 25 ft ) 

Two aer ial sh ield w i res and a bur ied 
longitud inal coun terpo ise w i re attached 
to each structure 

Wood- or steel -pole H-frame and s ingle­
shaft steel -pole 

Generally 1 9-30 m ( 6 1 -97 ft ) w i th 
average of 23 m ( 75 ft ) for H-frames and 
26-37 m ( 85- 1 20 ft ) w i th an average of 
29 m ( 95 ft ) for s ingle-shafts 

1 83 m ( 600 ft ) from Sandy Pond to 
M i ll bury and 1 52 m ( 500 ft ) from 
Millbury to West Medway 

Var ious w idths rang ing from a min imum of 
58 . 8  m ( 1 93 ft ) to a max imum of 1 23 m 
( 405 ft ) 

in a hor izontal plane . Spac ing of electric conductors would vary w i th type of 
support structure . Where standard 345-kV H-frame structures were used there 
would be 7 .  9-m ( 26-ft ) phase spac ing , and whe re narrower 345-kV H-frame 
structures were used there would be 6 . 1 -m ( 20-ft ) phase spac ing . The 
conductors would be protec ted from l ightn ing str i kes by installation of a 
bur ied counterpo ise wire and two aer ial groundw ires ( shield wires ) . 

Both AC and DC transmiss ion l ines would be des igned to meet the Nat ional 
Electr ic  Safety Code speci ficat ions for heavy ice load�ng cond i t ions ( ice 
bu ildup of 1 2 . 7  rnrn [ 0 . 5  in ] thickness and 0 . 2  kPa [ 4  lb/ft ] of w ind fressure ) 
and extreme wind cond i t ions ( w ind pressure of 0 . 2  kPa [ 4  lb/ft ] ) .  I n  
add ition , the transmiss ion structures would be des igned t o  w i thstand heavy 
icing ( determined from a rev iew of meteorolog ical data ) and imbalanc ing due to 
ice bui ldup . 

Support Structures 

Lattice-steel , H-frame support structures are proposed for use on the DC 
l ine from the Comerford conver ter terminal to Sandy Pond Junc t ion in  the town 
of Hudson , New Hampsh i re . S ingle-shaft steel poles would then be used for the 
remainder of the DC l ine ( ER ,  Vol . 4 ) . The AC l ine would generally use wood­
or steel -pole , H-frame support structures , except for a few locat ions along 
the Sandy Pond to M i l l bury r ight-of-way , where s ingle-shaft , s teel-pole 
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structures would be used ( ER ,  Vol . 2 ) . Coloration for the steel poles would 
be provided by use of natural -weather ing steel ( CORTEN or s imilar ) .  

Converter Terminal 

At the town l ine between Groton and Ayer , Massachusetts , a bu i ld ing would 
be erected on a cleared , 1 2-ha ( 30-acre ) site to house high-vol tage , d i rect 
current ( HVDC ) converter equ ipment for the proposed converter terminal ( ER , 
Vol . 1 ) .  The converter terminal yard would occupy 300 m ( 1 000 ft ) on a side 
and would cover an area of 9 . 3 ha ( 23 acres ) .  The build ing would be 76 m 
( 250 ft ) long , 30 m ( 1 00 ft ) wide , and 1 8 m ( 60 ft ) hi gh . I t  would be a metal 
build ing constructed on a concrete foundat ion . The color would be selected to 
be visually inconspicuous . Normally the bu ild ing would be unattended . An 
aux il iary build ing measur ing 1 8  m ( 60 ft ) by 1 2  m ( 40 ft ) by 7 . 5  m ( 25 ft ) 
high would be located near the converter terminal bu ilding to house spare 
parts for the electron ic  convers ion equ ipment ( ER ,  Vol . 1 ) .  

The terminal bu ild ing would be surrounded by a swi tchyard conta in ing 
electr ic power equipment and assoc iated structures . The highest structures 
would be for the transmiss ion l ine terminat ions . They would be about 24 m 
( 80 ft ) tal l  for the DC l ine and 23 m ( 75 ft ) tall  for the AC l ines . Electric 
conductor and bus work in the swi tchyard would be of the modern , open­
construction type . All  power equipment would be pain ted a vi sually 
inconspi cuous color . 

Commun icat ion to and from the converter terminal would be via a microwave 
system connected to the existing New England system at an exist ing stat ion on 
the Shared Microwave Sys tem at the Sandy Pond substat ion ( ER ,  Vol . 1 ) .  

The converter terminal would be connected to NEPOOL ' s  e x i s t ing AC power 
system at the Sandy Pond 345-kV AC substat ion sou thwest of the terminal 
s i te . Two 345-kV AC connector l ines , each about 0 . 5  km ( 0 . 3  mi ) long , would 
extend from the converter terminal to the Sandy Pond substat ion . The 
connector l ines would be supported by s ingle-circu i t  wood or steel H-frame 
structures vary ing from 1 8  m ( 60 ft ) to 32 m ( 1 05 ft ) high . Each structure 
would carry two bundled ACSR conductors per phase ( s ix  conductors ) and two 
1 . 0-cm ( 3/8- in ) d iameter , seven-strand , uti l i ty-grade galvan ized steel aer ial 
groundwires . Also , one 1 . 0-cm ( 3/8- i n )  d iameter , common-grade gal vani zed 
steel or #4 Copperweld counterpo ise w i re would be bur ied for each connector 
l ine . 

Ground Electrode 

The Phase I ground electrode system would be expanded as part of the 
proposed Phase I I  project . The ground electrode would correct for cur rent 
imbalance between the pos i t ive and negat ive halves of the HVDC interconnection 
and accommodate abnormal operating cond i t ions . The expans ion would entail  
construction of a second series of metal l i c  rods connected by cable and bur ied 
in e ight vertical holes 0 .  3 m ( 1 ft ) in diameter and 40 to 70 m ( 1 30 to 
230 ft ) deep . Th is second array of holes and rods would be phy s i cally 
separated from the Phase I array but would be electr ically connected so that 
they would function as a s ingle ground el ectrode . 
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Dur ing normal operat ion of the proposed DC l ine , approx imately 20 amperes 
of electr icity at less than 500 volts would flow over the electrode feeder and 
through the ground electrode . In cases of abnormal operat ing cond i t ions , the 
max imum voltage to ground would not exceed 1 5  kV at a current of 2450 amperes . 
The ground electrode is  des igned to operate at this level for 1 5  minutes ( ER ,  
Vol . 8 ) . I t  i s  also des igned such that when operat ing a t  ful l  capac i ty ,  the 
ground current would not be percept ible to humans or an imal s . The ground 
electrode is expected to be used for abnormal operat ing cond it ions 20 to 
30 times per year . 

The ground electrode expans ion would be located on a 1 20-ha ( 300-acre ) 
parcel of land off Oregon Road in L isbon , New Hampshire , about 1 8  km ( 1 1  mi ) 
southeas t of the Phase I converter terminal . The s i te i s  heav ily wooded . 
About 1 . 2 to 1 . 6 ha ( 3  to 4 acres ) would have to be cleared for the el ectrode 
array , and a short , 1 5-m ( 50-ft ) wide corr idor would have to be cleared for 
the feeder l ine . The proposed converter terminal would be electr ically 
connected to the expanded ground electrode by a ded i ca ted metal l ic return 
conductor installed on the proposed DC transmiss ion s tructures from the 
proposed converter terminal to the Phase I conver ter terminal . At the 
Comerford terminal , the conductor would be connected to the Phase I ground 
electrode feeder l ine . 

2 . 1 . 4 . 2  Cons truct ion Act i v i ties 

Schedule 

Des ign and construction of the proposed Phase I I  transmiss ion l ines , 
coupled with required relocat ions of the 1 1 5- and 69-kV AC transmiss ion l ines , 
would take place over a 5 -year per iod . The proposed conver ter term inal would 
be constructed over a 3-year per iod . 

Des ign of the proposed DC l ine began in March 1 985 and will  cont inue 
through 1 986 ; des ign of the proposed AC l ines will  cont inue through the first 
quarter of 1 989 ( ER ,  Vol . 2 ) . Mater ial would be ordered for the transmiss ion 
l ines from August 1 986 through Augus t 1 989 . Construction of the proposed DC 
l ine would s tart in September 1 987 and be comple ted in January 1 990 . 
Relocat ions of the 1 1 5 - and 6 9-kV l ines would occur be tween Augus t 1 987 and 
July 1 989 . The proposed 345 -kV AC l ines would be cons tructed between 
September 1 988 and Apr il  1 990 . 

Site preparat ion for the proposed converter terminal would begin in July 
1 987 and be completed by January 1 988 . S i te foundat ion work  would be 
completed by October 1 988. The bu ild ing and swi tchyard s tructures are 
expected to be comple ted by July 1 989 , w i th the electr ical power equ ipment to 
be installed by March 1 990 . Final fac i l ity tes t ing would be comple ted by July 
1 990 . 

Right-of-Way Clear ing Practi ces 

As necessary , transmiss ion l ine r ights-of-way would be cleared of  trees 
( with shrubs reta ined where poss ible ) to fac i l i tate ( 1 )  s tak ing , access , 
assembly , and erect ion of s tructures ; ( 2 )  installat ion of conductors ; and 
( 3 )  maintenance . Th is would also prov ide adequate clearance for energized 
l ines . The clear ing program would be planned and implemen ted to encourage 
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growth o f  des irable , low-growing plants . Thi s  wou ld help stab i l ize the 
r ights-of-way against eros ion and provide for natural vegetat ion control . 
Areas requi r ing clear ing are discussed in Sect ion 4 . 1 . 4 . 1 .  

Generally , tall-growing trees would be cut near ground leve l , leav ing the 
stumps and roots in place . Stumps would be removed in areas where access 
roads and structures are to be located . Sawlogs , pul pwood , and cordwood 
result ing from clearing would be sold or stacked and left at the edge of the 
r ight-of-way . Slash would be ch ipped and removed or spread over des ignated 
areas of the r ight-of-way . I n  areas inaccess i ble to logg ing mach inery , felled 
t imber would be left . These practices comply with appl icable state 
regulations ( ER ,  Vols . 2 and 3 ) . 

Access and Ma in tenance Roads 

To the extent poss ible , ex isting roads would be used to gain access to 
project s i tes , al though it is ant ici pated that some of the roads would need 
upgrading , such as alignment improvement ,  grad ing , and widen ing . Some new 
access roads would be required both w i thin the r ights-of-way and from existing 
roads to the r ights-of-way . Off-road access may be pursued in spec ial cases , 
e . g . , steep slopes , wetlands , and agr i cultural areas ( ER ,  Vols . 2 and 3 ) . The 
number and location of the new access roads have not been determined , but the 
need for new roads would be l imi ted because most of the proposed transmiss ion 
l ines would be constructed within exist ing r ights -of-way . To the extent 
poss ible , cons truction stag ing areas woul d  be located at existing cleared 
areas along the proposed route . 

Methods to mit igate eros ion related to construct ion of  access roads and 
stag ing areas are l isted in Sect ions 2 . 1 . 5 . 2  and 2 . 1 . 5 . 3 .  

Support Structure I nstallat ion , Framing , and Stringing 

In upland areas , cons truc tion of support structures would include 
excavat ion , sett ing the structure , and backfill ing the excavat ion . The 
345-kV AC H-frame structures would be d i rec tly embedded w i th e i ther locally 
excavated material or selected clean backfi l l . The H-frame structures for the 
±450-kV DC l ine would employ concrete cyl i ndr ical cai s son , spread-foot ing , or 
steel grillage foundations . The single-shaft DC structures ; s ingle-steel­
pole , 345- kV AC structures ; and double-c i rcu i t ,  1 1 5 -kV AC , s ingle-steel-pole 
structures would be d i rectly embedded or set in concrete cyl indr i cal caisson 
foundations . Most steel pole angle s t ructures would requ i re concrete 
cyl indrical caisson foundat ions . 

Directly embedded structures would requ i re e xcavat ions rang ing from 3 to 
7 . 5  m ( 1 0 to 25 ft ) deep and 1 to 3 . 7  m ( 3  to 1 2 ft ) in d iamete r . The 
concrete cyl indr ical ca isson foundat ions woul d  requi re excavations 4 . 6  to 1 1  m 
( 1 5 to 35 ft ) deep with a 1 . 8- to 3 . 7-m ( 6- to 1 2-ft ) d iameter open ing . A 
spread-foot ing foundation would requ i re an excavation of  4 . 6  to 9 . 1  m ( 1 5 to 
30 ft ) in width and length and about 3 to 4 . 6  m ( 1 0 to 1 5 ft ) in depth . The 
steel grillage foundation would requ i re an excavat ion 3 to 6 m ( 1 0 to 20 ft ) 
by 6 to 9 m ( 20 to 30 ft ) and a depth of 3 to 4 . 6  m ( 1 0 to 1 5 ft ) . Gr i llage 
of heavy steel members would then be bu i l t  up from the bottom of the 
excavation to the orig inal grade . The excavat ion would be backfi l led and legs 
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of the H-frame structu re bolted to the exposed members of the gril lage ( ER ,  
Vols . 2 and 3 ) . 

Three methods of s tructure placement would be used in wetlands . The 
first is d irect embedment w ith in an excavat ion 1 to 2 m ( 3  to 7 ft ) in 
d iameter and 3 to 9 m ( 1 0 to 30 ft ) deep . The second method is to dr ive p iles 
into underly ing firm ground and attach the s tructures to the p i les . The th ird 
method i s  to install a concrete foundat ion and set the structure on the 
foundation . S i te-specific  evaluat ions based on structure types , soil 
strength , s tructural loads , env ironmental impact ,  and economics would need to 
be made by the App l i cant in determin ing which s tructure placement method to 
use ( ER ,  Vols .  2 and 3 ) . 

After support s tructures were in place , insulators would be instal led and 
aer ial groundwi res and conductors would be s trung . Conductors would be pulled 
through the s tr ing ing blocks by tens ion ing equ ipment . 

Converter Terminal 

Construction of the proposed conver ter terminal would include ( 1 )  s i te 
preparation , ( 2 )  foundation work , ( 3 }  erection of build ings and s tructures , 
( 4 )  installation of power equ ipment ,  and ( 5 }  testing and commiss ion ing . Site 
preparat ion would include survey ing , clear ing , and grad ing of  the terminal 
s ite . Where feas ible , a buffer zone of uncut vegetation would be left around 
the s i te to act as a screen . The cleared s ite would be covered w i th a layer 
of c rushed rock to prevent regrowth of vegetation and then would be fenced . 
Foundation work would include forming and pour ing foundations for the 
build ings and swi tchyard s tructures . Concrete and other bu ilding mater ials 
would be trucked in from offs i te . Erect ion of  the bu ild ings and sw i tchyard 
structures and installat ion of the electr ical power equipment would requ ire 
cranes , util i ty trucks , and other construction equ ipment .  

Expans ion of the Ground Elec trode 

Expans ion of the Phase I ground electrode sys tem would neces s i tate 
improvements to an e x i s t ing logg ing road to al low access for construction 
equ ipment to the s i te for the Phase I I  array . Add i t ionally , a short ,  1 5-m 
( 50-ft ) w ide cor r idor would be cleared for the proposed ground e lec trode 
feeder connector . The ground electrode array would requ ire e ight electrode 
holes , each 0 .  3 m ( 1 ft ) in d iameter and 40 to 70 m ( 1 30 to 230 ft ) deep . 
Coke breeze , a graphi t ic mater ial that is  a good conductor of  electri c i ty , 
would be shipped to the s i te for use as borehole backfill ( ER ,  Vol . 8 ) . 

2 . 1 . 5 M i t igat ive Measures Commi tted to by the Appl icant 

The following subsections summarize the measures committed to by the 
Appl ican t to mitigate impacts from construct ion , operation , and ma in tenance of 
proposed project fac i l i t ies . The environmental consequences of  the project , 
evaluated in Section 4 ,  are based on the assumption that these mit igat ive 
measures w ill  be carr ied out .  I f  DOE determines that an amendment to the 
Phase I permit is in the public  in terest , a cond i t ion will  be placed in that 
amendment requ ir ing the Appl icant to implemen t the mit igat ive measures 
ident ified in this section . 
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2 . 1 . 5 . 1 Air  Qual i ty 

Pract ices that the Appl icant would implement to mit igate impacts to land 
and water resources ( see below ) generally also would help m i t igate impacts on 
air  qual ity . These include the follow ing : 

• Except where transmi ssion l ines and an access road enter and leave the 

proposed con verter terminal s i te,  natural vegetation wo uld be l eft intact 

between the proposed con verter terminal and areas where the publ i c  has 

access . [ Wh i l e  th is mit igative measure would primar i ly m1n1m1ze 
ecological and visual impacts , it also would mit igate noise impacts to 
nearby res idents . ]  

• The transmi ssion l ine sys tems have been desi gned so tha t  air-qual i ty 

changes res ulting from their opera tion would be minimal and general l y  

confined to the r i ght-of-wa y . 

• Construction work would occur primari l y  during da yl i gh t ,  wh i ch would 

minimi ze off-hour noise impacts to nearby res i den ts . Power equipment at 

the converter terminal s i te wo uld be des i gned and loca ted so tha t the 

noise at the nearest res i dence would not be objectionable rel a t i ve to 

existing ambient no ise l e vel s .  

2 . 1 . 5 . 2  Land Features and Use 

Land Features 

Impacts related to unstable slopes would be m i t igated through the use of 
careful s i t ing of s tructures and use of thoroughly supervised cons truct ion 
practices . Jud ic ious s i ting of project faci l i t ies would be employed to 
min imize the impacts assoc iated with geolog i cal instab i l i ty ,  such as 
landsl ides , slump ing , mass was t ing , and ear thquakes . The fol lowing criter ia 
represent spec ific mitigative measures commi tted to by the App l i cant : 

• To reduce the potential for erosion and mass soi l movement ,  areas tha t 

are known to be s usceptible to erosi on or slope instab i l i t y  would be 

eval uated during final des i gn . Transmi ssion s tructures wo uld be located 

to avo i d  l arge areas of s teep or unstable s l opes wherever pract i cal , and 

other construction work wou l d ,  when poss ible,  be conducted in a manner 

that minimi zes changes in na t ural topography and di s t urbances of unstabl e 

areas . In areas where thi s  i s  not possibl e ,  excess excava ted ma terials 

not used as backfi l l  would be removed to a s u i table disposal s i te .  

• Landscape al tera tions for transmission s truct ure foundat i ons and access 

roads would be minimi zed to reduce erosi on losses . The converter 

terminal swi tchyard would be surfaced wi th crushed rock . In general ,  

grading and l e vel ing would be a voided a t  poten t i al l y  unstable areas . 

• Typ i cal l y ,  exca vat i on for structures would be l imi ted to transmi ss ion 

s tructure founda tion holes and the converter terminal s i t e . [ This  is  not 
expected to create other than minor problems of instab i l i ty . ]  

• Existing a ccess roads ,  bri dges ,  and cleared areas would be used to the 

extent possible during construct ion . Cons truction of new roads would be 
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held to a minimum to ens ure the l east dist urbance to soi l ,  vegetation ,  

and water . 

• New a ccess roads would fol low, wherever pract i cal , the nat ural contour of 

l and so that excess i ve cutting and fil l ing would be a vo i ded . 

• Access roads would be maintained to minimi ze erosion due to cons tructi on 

traffic, and traffi c would be confined to the r i ght -of-wa y and designated 

roads . 

• Overl and travel would 

ri verbanks or passes 

waterbodies to minimize 

be minimi zed where the right-of-wa y  crosses 

close to l akes , wetlands , or other surface 

potential soil erosion and sediment transport . 

• In areas subject to eros i on ,  roads used for cons tructi on whi ch wi l l  not 

be used for mai ntenance access wou l d  be res tored to the ori ginal natural 

con tour of the land and revegetated, after construct i on . Where 

construction roads wi ll be used for maintenance access , dra inage an d 

erosion control devi ces would be l eft in place and s i de s l opes would be 

graded and stab i l i zed to blend wi th the terra in . 

Land Use 

C r i teria adopted for rout ing the proposed transmiss ion l ines would tend 
to l im it  land-use impacts . For example ,  the proposed route is d i rect , thus 
minimiz ing the overal l  length of the l i nes . Fur thermore , the proposed l ines 
would be constructed almost entirely w i thin establ ished r i ghts-of-way , thus 
essent ially mainta i n i ng compat i b i l i ty w i th e x i s t ing land -use patterns and 
minimiz ing addi t ional impacts to adj acen t land uses . Fur thermore ,  the 
following mit igat ive measures would be inst i tuted : 

• Wherever possible,  placement of transmi ssion structures in agri cul tural 

areas would be a voi ded . Where feasibl e ,  the heights of s tructures would 

be increased in order to span cropl ands . 

• Reasonable attempts would be made to pl ace proposed transmi ssion 

structures direct l y  opposite to,  or in l ine wi th , exi sting s tructure s ,  

thus concentra ting struct ures in one porti on o f  the agr i cul tural area and 

minimizing incon venience to operators of farm machinery . 

• Typ i call y ,  structures would be self-suppor ting and no guy wires would be 

used , thus minimi zing the amount of cropland una va i l able for 

production . 

• After construct i on, access roads in cropland areas where the soil has 

been compacted would be loosened through t i l l age and seeded or left 

fallow, depending on the land owner ' s  wi shes . 

• Fences and 

cons truction . 

stone wal l s  would b e  repaired upon completion of 

• Cl earing opera t i ons would be supervi sed b y  experienced foresters and 

construction s upervi sors . 
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• Slash and small trees would be chipped and the ma terial would be ei ther 

spread over des i gnated areas on the ri ght-of-wa y or haul ed offsi te for 

disposal . At the converter terminal s i te ,  grubbed s tumps would be hauled 

offsi te and buri ed . Where practi cabl e,  merchantabl e t imber would be cut 

to l ength, skidded offsi te,  and sol d .  

• Wherever possible,  

located so as to 

areas . 

construction and ma intenance a ccess roads would be 

minimi ze d i s t urbance of resi dential and commercial 

• Construct i on acti vi t i es would be intermi t tent and wo uld be spread along 

the entire l ength of the proposed l ines, thereb y  reducing the poten t i al 

for l ocal traffi c congestion due to the proposed project . 

• During l ine-stringing opera t ions ,  guard s tructures would be placed a t  all 

highwa y, rai l road, and exi sting u t i l i t y  l ine crossings to ensure publ i c  

safet y and minimi ze di sruption o f  traffi c flow patterns . 

• Construction of the proposed l ines woul d be cl osel y coordinated wi th 

affected rai lroads in order to minimi ze interference wi th s chedul ed ra i l  

traffi c .  

• The Federal Avi a t i on Admini s tra t i on would b e  notified rel a t i ve t o  the 

proximi ty of proposed l ines to a i rports , and measures required by the FAA 

wou l d  be implemented.  

• Crossings of the proposed l ines o ver exi s ting transmi ssion l ines would be 

coordinated wi th owner util i ti e s . 

• All conductor clearances of the proposed l ines over h i ghwa ys ,  ra i l roads , 

and existing transmi ssion l ines would be in accord wi th the Na t i onal 

Electr i c  Safe t y  Code and appropri a te state codes . 

• Fol l owing project construct i on ,  the cons truction l a ydown and staging 

areas tha t had been establi shed at various loca t i ons along the proposed 

transmi ssion l ine routes would be restored to condi t i ons simi l ar to wha t  

exi s ted prior t o  project construction . 

2 . 1 . 5 . 3  Hydrology , Water Qual i ty ,  and Water Use 

Construction of the transmiss ion l ine system and use of related access 
roads could increase soil  erosion and stream channel s i l tat ion due to 
al teration of near-surface mater ials .  However , careful location , 
construction , and maintenance of the transmiss ion fac i l i t ies and access roads 
could min imize these adverse impacts . Spec i fic mit igative measures would 
include the following : 

• Proposed faci l i ties woul d be des i gned and cons tructed so as not to 

interfere wi th l ocal drainage p a t terns . 

• In general ,  s treambank grading for cons tructi on s i tes and access routes 

would be a vo i ded; machine clearing woul d be prohibi ted wi thin s teep-slope 

areas adjacent to s treams ; and ri ver fording would be held to a 

minimum . Streams would be forded onl y where s treambanks and bot tom 
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materials were s uffi cientl y stabl e .  Fording b y  heavy equipment and 

veh icles would be minimi zed or a voided where pract i cabl e .  

• Gravel would not be removed from stream bottoms , although i t  mi ght be 

moved to enabl e culvert placement . 

• As a general pract i ce ,  transmiss ion l ine structures and foundations would 

not be pl aced in ri vers or l akes ; structures would be set back as far as 

practi cal from ri verbanks and streambanks to reduce the poten t i al for 

erosion and sedimentation; and transmission l ine faci l i ties wo uld span 

exi sting water supp l y  reservo irs . 

• Where feasi bl e ,  stream and r i ver cross ings woul d be at or near right 

angl es to the water course . Access roads would be located to a void 

streams and wetl ands to the extent feasibl e .  

• Where pract i cable ,  vegetation buffers (na t i ve ground cover, 

low-growing trees ) would be left along streams to stabil i ze 

trap sediments , and thus minimize s urface runoff eros ion 

adverse impacts to water qual i ty . 

brush, and 

the soi l ,  

and other 

• Construct ion si tes and access ro utes would be l ocated to avoid areas of 

unstable soi l s ,  steepl y sloped ri verbanks, streams , and wetl ands wherever 

feasible . 

• Excavated soi l s  from s tructure foundat ions would not be di sposed of in 

waterbodies . 

• Construct ion si tes would be prepared in a manner that min imi zes erosion 

and probab i l i t y  of stream or wetland sedimentation . 

• In the vi cin i t y  of streams , exis ting roads and bri dges would be used as 

much as practical for transporting materials and equipment during 

cons truction . An y damage to permanent access roads , bri dges , ditches, 

and cul verts caused by transportation of cons truct ion equ ipment or 

s uppl i es would be repaired . 

• Cul verts , di tches ,  and waterbars would be ins tal led,  as needed, at s tream 

crossings to control s urface runoff, maintain exi s ting drainage patterns, 

and minimi ze eros ion . 

• Unless the y are to be used for transmi ssion-l ine or ri ght -of-way 

maintenance , temporary bri dges,  cul vert s ,  and other such faci l i ties would 

be carefu l l y  removed, and the di s t urbed area res tored after project 

completion . 

2 . 1 . 5 . 4  Ecology 

Since herb icide use has the potential to affec t both aquatic  and 
terrestrial resources , the Appl icant has comm itted to the following m i t igat ive 
measures that relate to herb ic ide use in general and to use near waterbod ies : 
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• The Appl i cant wou l d  onl y use herb i c i des that are regis tered wi th the 

U. S .  Environmental Protect ion Agency and approved for use in r i ght -of-way 

managemen t by the s tates in wh i ch they are to be appl i ed .  

• Herbi ci des woul d onl y be app l i ed b y  means of select i ve spra y  app l i ca t i on 

by workers using hand-held appl i ca t i on tool s ,  and there wou l d  be no 

broadcast appl i ca t i on . Onl y sta te-l i censed or certified opera tors would 

supervise herbi cide app l i cations . 

• No herbicides wou l d  be app l i ed to surface waters, and state and compan y 

gui del ines wou l d  be followed wh i ch es tabl i sh buffer zones around 

sens i t i ve areas ( su ch as publ i c  wa ter s upp l i es ,  wel l s ,  and resi dences ) . 

These gui del ines specify for each t ype of sensi t i ve area whether no 

herbi ci des would be used, onl y certain herb i ci des wou l d  be used, or onl y 

certain herbici de app l i cation me thods wou l d  be used ( see Table B . 1  in 

Appendix B for the curren t gui del ines ) . 

Terrestr ial Vegetat ion 

• All constr .Iction and veh i cular a ct i vi t i es not invol ved in right -of-way 

cl earing, transmi s s i on l ine structure construction, or wire stringing 

would be restri cted to des i gnated work areas or access roads . 

• The growth of herbaceous speci es, most shrubs , and some low-growing trees 

that are cons idered desirable ground cover for the r i ght -of-wa y wou l d  be 

encoura ged . 

• No equipmen t containing pol ychlorinated biphenyls ( PCBs )  woul d be l oca ted 

at the converter terminal . 

• Power transformer equ ipment containing ins ulating o i l  wou l d  be placed 

o ver p i t s  capabl e of con taining the en tire volume of o i l . 

Terrestr ial Wildl ife 

The pr imary means by wh ich impacts to w i ldl ife would be mit igated are by 
careful rout ing and des ign of the transmiss ion l ines , includ ing the following 
cons iderations : 

• The transmi ssion l i nes have been des i gned to m�n�m� ze corona effects ( and 

hence , minimize air i on production, audible noise, radio and T . V.  

interference , and ozone production ) , and the large dis tances between the 

conductors and grounded struct ure parts minimi ze the l i kel ihood of bird 

el ectrocu tion . 

Aquatic ( I nclud ing Wetlands )  

The mitigative measures d iscussed in Sect ion 2 . 1 . 5 . 3  to m1n1m1ze impacts 
on water qual i ty also would minimize impacts on aquatic  ecosys tems , includ ing 
wetlands . Add i t ional deta i l s  on mitigat ion of impacts to floodplains and 
wetlands are provided in Append i x  B .  
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Threatened and Endangered Species  

• Final s truct ure l oca tions and cons truct i on schedules wo uld b e  des i gned to 

avo i d  jeopardi z ing the con tinued existence of any endangered or 

threatened speci es found a l ong the corridor . 

2 . 1 . 5 . 5  Soc ioeconomics 

In  general , socioeconomic  impacts are projected to be minor and short 
term , and no s ign i f icant mit igative measures have been developed , w i th the 
fol lowing except ion : 

• The App l i can t would reduce potential adverse effects to l ocal traffi c 

flows during constructi on through judicious choi ce of access roads and 

prior notifi ca t i on to communi ties . 

2 . 1 . 5 . 6  V isual Resources 

The Applicant has conducted a v i sual resource character izat ion study of 
the natural and man-made features along the r ights-of-way involved in this 
phase of the proj ect ( ER ,  Vol s . 7 and 8 ) . These mit igative measures are 
based , in part , on the resul ts of that study . Mit igat ion proposed by the 
Appl ican t for v i sual resource impacts con s i sts of measures in four general 
categor ies : design and location of structures , r ight-of-way treatments , 
measures involving the converter terminal s i te ,  and construc t ion laydown and 
s taging areas . Measures related to the des ign aspects of l ine s tructures 
include the following : 

• Tangent s tructures would be s imi lar to adjacen t exi s ting structures in 

form and color; l ine angle s teel pole structures wou l d  be self-supporting 

structures to a vo i d  the visual impact of guy wi res ( l a t t i ce steel H-frame 

structures ma y require guy wi res at l ine angles and dead ends ) . 

• Structure heights would be minimi zed at points where s i gnifi cant 

reductions in l i ne vis i bi l i t y  could be achieved, cons i stent wi th other 

environmen tal objecti ves, such as spann ing wet l ands, croplands, or 

cul tural resource areas . 

• Two exi sting 1 1 5 -kV l ines would be rebu i l t  as a double-circu i t  l ine to 

minimi ze the number of structures wi thin the Sandy Pond-Mi llbury 

right -of-wa y and eliminate the need for right-of-wa y expansion . 

Mitigat ive measures involving locat ions of l ine structures include the 
following : 

• Where feasi bl e ,  placemen t of s tructures in visual l y  sens i t i ve areas wo uld 

be avoi ded . In addi tion ,  when feasible,  struct ures would be set back at 

least 1 5  m ( 50 ft ) from publ i c  roadwa ys . 

• Where feasible,  new struct ures wo uld general l y  be loca ted opposi te or in 

l ine wi th exi s ting s tructures to a vo i d  a s taggered appearance of 

structures and promo te s ymmetry wi thin the right-of-wa y .  
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Cons iderat ions of r ight-of-way treatments would include the following : 

• Clearing would be minimi zed to permi t preservation of a tree buffer a l ong 

the edges of rights-of-wa y  where practi cabl e .  

• w.hen feasibl e ,  indi genous low-growing speci es would be preserved a cross 

rights-of-wa y at road crossings to provi de vi sual s cre·ening.  Where 

feasible, new pl antings would be establ i shed in selected areas along or 

across righ t s-of-wa y and at the converter terminal at l ocat i ons where 

s creening wo uld appreci abl y reduce vi s ual i mpacts . 

• Those converter terminal faci l i t i es wi th s ui table fini sh would be painted 

colors compa tible wi th the surrounding envi ronment .  

• Fol lowing use during constructi on ,  the small construct ion and staging 

areas l oca ted a l ong the proposed routes would be reclaimed . Di s t urbed 

s urfaces wo uld be covered wi th s tockpi l ed topsoi l ,  if needed, and the 

o verall appearances of the areas would be res tored to condi tions simi l ar 

to those exi s ting prior to project constructi on . 

2 . 1 . 5 . 7  Cultural Resources 

The Appl i cant has conducted a l i terature/file search for prev iously 
recorded cultural resource s i tes along the proposed route and has conducted 
f ield surveys for archeolog ical s i tes and h i s toric structures ( New England 
Power 1 986 ) . ( The methodology and results of the surveys are descr ibed in 
Sec t ion 3 . 7  and Append ix C . ) Proposed structure locat ions have been moved in 
those c�ses where archeological s i tes would l ie within the est imated 9 . 3-m2 

( 1 00-ft ) construction- impact area . All federal and state regulat ions 
perta ining to cul tural resources will  be adhered to dur ing cons truction . 
Add i tional mi t igat ive measures include the following : 

• T.he Appl i cant would conduct further archeologi cal testing, pri or to 

construct i on ,  as appropriate sho uld any proposed s tructure locations be 

moved to an archeologi cal l y  sensi t i ve area that has not previ ousl y been 

tested . 

• Identifi ed s urfi cial cul t ural fea tures on the r i gh t-of-way woul d be 

flagged to faci l i tate a voi dance during the constructi on phase . 

• The Appl i cant would assess potential i mpacts and the need for mi tigation 

measures for adversel y  affected h i s tori c s tructures i n  proximi t y  to the 

proposed ri ghts-of-wa y in consultation wi th the New Hampshire and 

Massachuset ts Hi s tori c Preservation Offi cers and, if necessary, the 

Advisory Counci l on Hi s toric Preserva t i on ( New Engl and Power 1 986-­

p.  1 1 ) . 

2 . 1 . 5 . 8  Health and Safety 

• Standard work practi ces and regulations would be followed to ensure the 

health and safe t y  of workers to the ful l est extent possibl e .  

• All vegeta t i on clearing, construction ,  and maintenance a ct i vi t i es near 

publ i c  drinking water s upp l i es would be done so as to a vo i d  or minimi ze 

changes to wa ter qual i ty or quant i t y . 
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• Standard u t i l i t y  compan y pract i ces would be followed where i t  i s  

necessary t o  ground stationary objects such as fences , l arge metal roofs , 

fuel containers , and antennas that are l oca ted under the transmission 

l i nes . 

• The ground electrode would be des i gned so that the ground current would 

not be percep t i b l e  to humans and anima l s  wi th the s ystem opera ting a t  

f u l l  capaci t y .  

• Special ma in tenance practi ces would be used near publ i c  and pri vate wel l s  

and near publ i c  water suppl y reservoirs (hand-cutting of vegetation ,  use 

of specifi c herbi ci des, or specifi c herbicide app l i ca t i on methods) . 

• Limi tations on herbicide use establ i shed b y  the states of New Hampshire 

and Massach usetts would be fol lowed ( see Table B . l  in Appendix B for the 

current l imi t a t i ons ) . 

2 . 1 . 5 . 9  Rad io and Tel evis ion I n terference 

Radio and telev is ion interference from operat ion of the proposed AC and 
DC transmission l ines could be mit igated by one or more measures . Mit igat ion 
typi cally involves reorientat ion , relocat ion , and/or replacemen t  of rece iver 
antennas . Televis ion in terference resul t ing from the phys ical presence of 
transmiss ion fac i l i t ies is  usually also remed ied by changes of an tenna 
systems . Interference due to gap sparking is  mi tigated by rout ine main tenance 
of the transmiss ion l ine fac i l i t ies . 

• As a ma tter of pol i cy, an y tel evi sion interference probl ems that can be 

attributed to the opera tion of the project faci l i t ies woul d  be corrected 

by the App l i cant . 

2 . 1 . 6  Related Consulta t ion and Permitt ing Requirements 

Consultat ion w ith certain federal and state agenci es is requ ired by 
statute . In add it ion , many federal and s tate agencies have some degree of 
respons ib i l i ty for certain geograph ical or topical areas addressed in the 
env i ronmental impact s tatement ( E I S )  ( U . S .  Depar tment of Energy 1 984 ) . DOE 
requested consul ta t ion w ith each of the agenc ies identified in Table 2 . 3 ,  and 
each was invited to contr ibute informat ion and views to be cons idered by DOE 
staff wh i le preparing the E I S .  The U . S .  Army Corps o f  Eng ineers was g ranted 
the role of cooperat ing agency in these proceed ings . Table 2 .  4 presents a 
l is t  of the federal l icenses and/or approvals expected to be sought in 
connection with the Phase I I  fac i l i t ies . 

2 . 2  DESCRI PTION OF ALTERNATI VES TO THE INTERCONNECTION 

The dec is ion under cons iderat ion by DOE is to gran t or deny an amendment 
to Presidential Perm i t  PP-76 wh ich would authorize an extension of a 
previously authorized in ternational interconnect ion to be used for electr ic 
power exchanges between NEPOOL and Hydro-Quebec . Therefore , a no-action 
dec is ion on the par t  of DOE is equivalent to den ial of the permit  amendment .  
Upon den ial of the permit  amendment , the Appl icant could choose one of two 
bas ic courses of act ion : ( 1 )  ma intain ing the s tatus quo by also tak ing no 



Subj ect Area 

Endangered Spec ies 

Histor i c  
Preservat ion 

Work in Nav igable 
Water 

Pr ime and Un ique 
Farmlands 

Floodplains 

Wetlands 

Water Pollut ion , 
Air  Pollution 

Land Use 

Water Use and 
Availab i l i ty 

So ils  

No ise 

Sit ing , Plann ing 

Sol id Wastes 

Herbicide Use 
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Table 2 . 3 .  Consul tations 

Leg is lat ion 

Endangered Species Act of 
1 973 , as amended ; state laws 

Archeolog ical and Histor ic  
Preservation Act  of 1 974 ; 
Ar cheolog ical Resources 
Protect ion Act of 1 979 

Section 404 of Federal Water 
Pollut ion Control Act 

CEQ Memo of August 30 , 1 976  

Executive Order 1 1 988 

Executive Order 1 1 990 

Var ious water pollution and 
a ir  emiss ions acts ( Federal 
Water Pollut ion Con trol 
Act , Clean Air , Clean Wa ter 
Emiss ions Standards ) 

Federal Land Pol icy and 
Management Act of 1 976  

Wa ter Resources Plann ing 
Act of 1 965 ; Safe Drink ing 
Wa ter Act ; others 

So il  and Water Resources 
Conservation Act of 1 977 

No ise Pol lut ion and Abate­
ment Act of 1 970 ; No ise 
Con trol Act of 1 972 

State s i t ing acts ; coun ty 
zon ing commiss ion 
regulat ions 

State laws 

State laws 

Agency 

U . S .  F ish and Wildl ife 
Service ; state agencies 

State Histor ic  
Preservat ion Offices ; 
Advisory Council  on 
Histor ic Preservat ion 

Corps of Eng ineers 

So il Conservat ion 
Serv ice 

Co rps of Eng ineers ; 
state agenc ies 

Corps of Eng ineers ; 
state agencies 

U . S .  Environmental Pro­
tect ion Agency ; state 
agencies 

Soil  Conservation 
Service ; s tate agencies 

Office of Water Pol icy ; 
s tate agenc ies 

So il Conservation 
Service 

U . S .  Environmental Pro­
tect ion Agency ; s tate 
agenc ies 

State and county 
agencies 

State agencies 

State agenc ies 
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Table 2 . 4 .  Federal L icenses and Approvals 

L icense/Approval Agency 

Amendment of Presiden t ial Permit 
for Transmiss ion of Energy at 
I n ternational Boundaries 

Amendment of Energy Export L i cense 

Poss ible Amendment of Wa ter Power 
Project L i cense 

Rate Schedules and F inanc inga 

Dredge or F i ll 

Cross Nav igable Waters 

Poss ible National Pollutan t 
Discharge El imination Sy stem 
Permit 

Notice of Construction Affecting 
Navigable Airspace 

Microwave Fac i l i t ies 

Financ ing and Transactions 
Between Affil iatesa 

Departmen t of Energy , Economic 
Regulatory Administrat ion 

Department of Energy , Economic 
Regulatory Admin istrat ion 

Federal Energy Regulatory Commiss ion 

Federal Energy Regula tory Commi3s ion 

Army Corps of Eng ineers 

Army Corps of Eng ineers 

Environmen tal Protect ion Agency 
and Massachusetts Depar tment of 
Env i ronmental Qual i ty Eng ineer ing , 
D i v i s ion of Water Po llution Con trol 

Federal Aviation Admin istrat ion 

Federal Commun icat ions Commiss ion 

Secur i t ies and Exchange Commiss ion 

a These l i censes/approvals are related to financ ing and corporate matters 
as dist inguished from construc tion-type l i censes or approvals . 
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action and ( 2 )  pursu ing al ternatives wh i ch could provide benefi ts s imilar to 
those of the proposed transmiss ion proj ect . 

2 . 2 . 1  No-Action Alterna t i ve -- Maintain Status Quo 

As d iscussed in Sect ion 1 ,  the benefits assoc iated w i th the proposed 
act ion include a reduct ion in oil  used to generate elect r i c i ty , a reduct ion in 
the cost of electr i c i ty in New England , and a reduction in the requ irements 
for future generat ing capac i ty add it ions . I f  a "no-ac t ion" alternative were 
chosen by DOE and the Appl ican t chose to ma inta in the status quo by not 
pursuing an a lterna t ive act ion , the o i l  consumpt ion , electr i c i ty cos t ,  and 
capac i ty requi rement sav ings associated w i th the proposed act ion would not 
occur . Th is  would mean the New England reg ion would con t inue to rely on the 
use of o i l  for the production of approx imately 2 1 %  of its elect r i c  energy 
requirements . This  would in crease oil  consumpt ion by approximately 1 2  mill ion 
barrels per year over that which would be requ ired if the Phase I I  
interconnection were i n  service . Wi thout the Phase I I  interconnect ion , 
New England oil  consumpt ion for electr i c  generation is projec ted to be 
approx imately 42 mill ion barrels in 1 994 ( North Amer i can Re l iab i l i ty Council 
1 985 ) . 

I n  addi t ion , the unreal i zed savings in fuel costs and incremental energy 
losses , and the loss of 900 MW of capac i ty benefits would combine to increase 
the cos t  of produc ing electr i c i ty in New England by approx imately $832 mill ion 
( cumulat i ve present worth ; 1 990 do llars ) over the 1 0-year per iod of the 
Phase I I  contract . 

2 . 2 . 2  Construct ion and Operat ion of a New , Convent ional Central Stat ion 
Generating Fac i l i ty 

I nstead of ma inta ining the status quo by taking no act ion , the Appl icant 
could pur sue other means of ach ieving the benefits associated w i th the 
proposed action . One of these al terna t i  ves is the construct ion of a new 
central -station , non-o i l - fired generat ing plant . Cand idate plan t  types would 
be l im ited to nuclear and coal s ince there are no remain ing s i tes in 
New England that would support a large hydroelectr ic installat ion . 
Nonconvent ional energy sources -- such as b iomass , solar , w ind , etc . -- are 
discussed in Sect ion 2 . 2 . 3 .  

Whi l e  construction of  a non-oil -fi red generating plant could achieve the 
same level of reduct ion in o i l  consumpt ion as the proposed act ion , the t ime 
required to l icense and construct such a plant ( ei ther nuclear or coal -fired ) 
would not permit  plac ing these al ternat i ves in service before the mid to late-
1 990s . However , s ince the proposed action is not be ing cons idered p r imar ily 
for rel iab i l i ty reasons ( see Section 1 ) ,  the timel iness of the non-o i l - fired 
generating plant opt ion , in i tsel f ,  should not preclude cons iderat ion of this 
alternat i ve . 

A compar ison of the l i fe-cycle cos ts of energy from new non-o i l -fi red 
generating plan ts and the proposed transmiss ion proj ect favor the proposed 
action . An analys is  conducted by DOE Staff concluded that the leve l ized cost 
( includ ing cap i tal cos ts , O&M , and fuel cos ts ) of the energy to be imported 
over the proposed interconnection is est imated to be 9 . 06 ¢ /kWh in 1 990 
dol lars . Further analys is  by DOE Staff suggests that the projected cos t of 
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energy from nuclear and coal-fired plan ts in 1 990 could be 1 4 . 6  ¢ / kWh and 
1 2 . 4  ¢ / kWh , respectively . 

Construct ion and operat ion of a new , cen tra l ized generating fac il ity 
( coal or nuclear ) would result in generally d i fferent environmental impacts 
from those associated w i th the proposed interconnect ion extens ion . Because 
these impacts would be highly s i te- and des ign-spec ific , they cannot be 
quan t i fied for deta iled d i scuss ion here . Fur thermore ,  i t  should be noted that 
during the cons truct ion of nuclear or coal -fi red generat ing plan t , certa in 
mit igat ive measures would be employed in order to br ing any potent ial impacts 
to w i thin the l imits establ ished by the Env i ronmental Protect ion Agency . 

Features of a coal -fired powe rplant that have the greatest potent ial for 
adverse env i ronmen tal impacts include min ing , clean ing , and storage of coal , 
emiss ion of part i culate and gaseous combust ion products , d isposal of fly ash 
and flue-gas desul fur i zation sludge , and release of therma l effluents to 
aquat i c  systems ( Dvorak et al . 1 978 ) . Mining , clean ing , and s torage of coal 
result  in land d i sturbance , no ise , and releases of tox i c  1 iquid effluents 
( often termed acid drainage ) into surface waters . D isposal of combust ion 
produc ts ( ash and desulfur izat ion sludge ) requ ires s i zable land areas and has 
the po tential to adversely affect groundwater , so ils , and aquat ic sys tems . 
The tox ic effects of a i r  pollutan ts from combust ion emiss ions ( sulfur d iox ide , 
n itrogen ox ides , and particulates ) on plants and an imals can be s ignificant . 
Acid prec ipitat ion , a secondary effect of combustion emiss ions , is  suspected 
to cause d i rect and ind i rect impacts on terrestr ial and aqua t i c  ecosystems . 
Release of heated condenser cool ing water to aquatic  systems has the potent ial 
to be detr imen tal to fish , shellfish , and other aquatic organ i sms . V i sual 
impacts would also result from the powerplant and its assoc iated structures , 
as well as v i s ible em iss ions from smokestacks and cool ing towers ( if any ) . 
The effects of construct ion of new transmiss ion l ines assoc iated w i th the new 
powerplant would be qual i tat ively s imilar to those d iscussed for the proposed 
interconnect ion extens ion . 

The most s ign ifican t env i ronmental concern assoc iated w i th a coal-fired 
generat ing fac i l i ty of a s ize that would produce powe r equal to that suppl ied 
by the proposed extens ion would probably be combust ion emiss ions . Loca l i zed 
deter ioration of a i r  qua l i ty in terms of sulfur d iox ide and par t i culates would 
l ikely result from operation of a plant of that capac i ty ( Dvorak et al . 
1 978 ) . Al though the level of combust ion emi ss ions would be brought to w i thin 
prescr ibed l imits by the use of appropriate em iss ion con trol strateg ies , the 
net emi ss ions would be greater than fo r the proposed act ion , which does not 
require the combus t ion of foss i l  fuel . 

A ir-qual i ty impacts from an operat ing nuclear plant are negl ig ible , but 
land d i s turbance for plant and transmiss ion fac i l i t ies would be s imilar to 
that for a coal -fired plant , as would the potent ial thermal effects to aquatic  
systems . Currently , no  new nuclear plants are  under construc t ion - l icense 
cons ideration by the U . S .  Nuclear Regulatory Commiss ion . 

2 . 2 . 3  Construct ion and Operat ion of Nonconvent ional Generat ing Fac i l i t ies 

Solar- , wind- , and b iomass-powered fac i l i t ies of a size  requi red to meet 
the energy supply level of the proposed interconnection cannot be cons idered 
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as al ternat ives to the proposed act ion . The opt imum technolog ies for the 
explo i tat ion of these fuels w i l l  not be available in t ime to al low o i l  backout 
in the same quan t i ty or t ime frame as the proposed projec t .  Furthermore , 
because New England w i l l  cont inue to rely on oil  for at least 1 5% of its 
electr ic energy needs even w i th the proposed project in service , these 
technolog ies can be cons idered as add i t ional oil -saving measures rather than 
alternatives to the proposed act ion . Notwi thstand ing , these fuels are now 
available and w i l l  be used inc reas ingly at small , d i spersed s i tes throughout 
New England ( U . S .  Depar tment of Energy 1 98 1 ) .  D i spersed use of these 
technologies is d iscussed in Sect ion 2 . 2 . 5 .  

2 . 2 . 4  Conservat ion and Load Management 

Implementat ion of conservat ion measures ( e . g . , insulat ion , 
weather ization , energy-effic ient appl iances or mach inery , and more efficient 
l ight ing and heat ing ) in any of the customer classes ( res ident ial , industr ial , 
or commerc ial ) results in less energy use , which may be translated into less 
demand for energy produced by o i l -fired generating capac i ty . 

Load management is  a method to increase the base load by reduc ing peak 
power demands wh ile fill ing in low demand per iods of the load cycle . This 
mo re effect i ve use of ut i l i ty generat ing capac i ty is accompl ished by 
attempting to alter customer use patterns ( E R ,  Vol . 6 ) . Wh i le load management 
in i t iat ives have reduced , and will  cont inue to reduce , energy demands , 
expected growth rates for elec t r i c i ty consumpt ion are s t i l l  projected to be 
high enough to require s ign if icant new sources of non-o i l - fi red generat ion . 

Electric  energy demand pro j ect ions for the NEPOOL service area ( see Sec­
t ion 1 )  include the assumpt ion that by the year 2000 the effects of 
conservat ion by NEPOOL cus tomers and u t i l i ty load management and conservat ion 
programs will  reduce the demand for electr i c i ty by 1 000 MW from what customer 
demand otherw ise would be w i thout these prog rams in place . Therefore , the 
benefits of the proposed in terconnection are in add i t ion to any benefits 
derived from conservat ion and load management ,  and the proposed project does 
not preclude fur ther pursuance of these programs . 

2 . 2 . 5  Decentral ized Energy Sources 

Dispersed appl ications of var ious small scale energy technolog ies -­
e . g . , ( 1 )  solar , p r imar ily for s ingle-res idence or bus iness appl icat ions of 
solar water or space heating , and photovolta i c  power generation ; ( 2 )  wind­
electric generation ; ( 3 )  low-head hydroelec t r i c  instal lations ; ( 4 )  coal-fired 
industrial cogeneration ; and ( 5 )  wood s toves for home and bus iness space 
heating -- also could decrease electric  energy demand and reduce the need for 
oil-based electric energy . 

The member companies of NE POOL are act i vely pursuing the development of 
alternat i ve generat ion sour ces , and projected contributions from these sources 
have been included in the plann ing studies . For example , New England Electric  
began purchas ing power ( about 15  MW)  from the Lawrence hydroelectric  project 
in September 1 98 1 . Several other small hydroelectric proj ects are also in the 
development/construction s tages , but these w i l l  produce less than 50 MW of 
capaci ty ( ER ,  Vol . 6 ) . 
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A study by the New England R iver Bas ins Commiss ion ( 1 98 1 )  concluded that 
the entire New England reg ion had the potential for develop ing only 1 44 MW of 
new hydroelectr i c  fac i l i t ies at 1 30 s ites throughout the region . ( See 
Sect ion 2 . 2 . 5  for d iscuss ion of smal l ,  decentral ized energy sources ) .  
Therefore , DOE does not bel ieve that a hydroelectr ic fac i l ity is a viable 
cand idate plant type for cons iderat ion as an al ternat ive . 

New England Electric also was involved in  the construct ion of the U . S .  
W indpower Windfarm at Crotched Mountain , New Hampshi re ,  where 20 w ind mach ines 
had a total instal led capac i ty of 1 MW. Wh ile  this development did not meet 
expectat ions , new windfarms near Canaan , New Hampsh ire , and Flor ida , 
Massachusetts , are in  developmental stages ( ER ,  Vol . 6 ) . New England Electr ic 
also has a power swap/cogenerat ion arrangement w i th Un i ted Shoe Machinery , is 
cooperating in a photovoltaics proj ect at the Beverly High School , is  plann ing 
a woodburn ing fac i l ity ,  and recen tly s igned a spec ial cogenerat ion agreement 
w i th Brown Un ivers i ty in Rhode I s land . New England Electr i c  has s igned 
contracts to purchase power from a number of planned al ternative energy 
projeGts , includ ing three resource-recovery fac i l i ties . Other NEPOOL 
companies have s imi lar programs . Data Resources , I nc . ( 1 985--Table A-62 ) 
est imates that solar energy and other decentral ized sources w i l l  contribute 
less than 300 MW to New England sources of elec t r i c i ty supply through the year 
2 000 . Therefore , the al te rnati ves d iscussed above cannot be considered 
al ternatives to the proposed project , but s imply add itional ways to meet the 
overall obj ect ive of reduct ion in oil-fired generation . 

2 . 2 . 6  Fuel Convers ion 

Pursuant to implementat ion of the Powerplan t and Industr ial Fuel Use Act 
of 1 978 ( FUA--Publ i c  Law 95-620 ) , DOE evaluated the benefits and environmental 
effec ts of conver t ing up to 42 powerplants in the northeastern Uni ted States 
from the use of o i l  and natural gas to the use of coal ( U . S .  Department of 
Energy 1 98 1 , 1 982 ) . I t  was concluded that as many as 27 powerplants could 
qual i fy for the voluntary convers ion prov 1 s 1ons of the Omn ibus Budget 
Reconc i l iat ion Act of 1 98 1  ( U . S .  Department of Energy 1 982 ) . A number of the 
plants iden t i fied were in the NEPOOL region . However ,  to date only 1 2  of 
these 27 powerplants have been converted . The util i t ies in New England are 
not actively pursu ing convers ion of the rema ining plants because of scheduled 
retirements , s i te l imitations , or economi c  cons iderat ions . Therefore , the 
approval or den ial of a Pres ident ial Permit  amendment for the proposed 
transmiss ion pro j ect would ne i ther preclude nor promote add itional coal 
convers ion act i v i t ies . Furthermore , future convers ions could be cons idered 
complementary rather than al ternatives to the proposed act ion s ince coal 
convers ions would reduce the average cos t of fossil-fi red elect r i c  generation 
in  New England and thereby reduce the cost of energy purchased under the terms 
of the Phase I I  agreement .  

2 . 2 . 7  Purchase of Power From Other Utili ties 

Presently , several NEPOOL members purchase power from the New York Power 
Autho rity ( NYPA ) , Hydro-Quebec , the New Brunswick Electr ic Power Commission 
( NBEPC ) , and , to a l imi ted extent , Ontar io Hydro . The search for alternative 
sources of purchased power can be broken down into two areas : con t iguous 
u t i l i ty systems and systems wh ich are far removed from NEPOOL . However , in 
order to be cons idered a v iable al ternative , a potent ial source must be able 
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to prov ide NEPOOL w i th a comparable quantity of firm ( guaranteed ) energy at 
prices whi ch are compe t i t ive w ith those of the Phase I I  agreement .  

One of the con t iguous ut i l i ty systems wh ich is  a poten tial source of 
purchased power is the New York Power Pool ( NYPP ) . NYPP is comprised of the 
major electric ut i l i t ies in New York State . NYPP is heav ily dependent upon 
oil  for the produc t ion of electric  energy and is presently a competitor of 
NEPOOL for the surplus hydroelec tric  energy available in Canada and the coal­
fired surpluses in the midwestern Un i ted States . 

Several NEPOOL members currently purchase power from the Po int Lepreau 
Un i t  # 1  nuclear generat ing un i t  which is owned and operated by the NBEPC .  
Provinc ial offic ials i n  New Brunswick have ind icated an in teres t in 
constructing a second un it at Po int Lepreau if  U . S .  u t i l it ies would be w i l l ing 
to purchase a sufficiently large port ion of the output of the uni t .  NEPOOL 
has determined that the total cost of energy from th is second un it  would be 
about 80% more expensive than the energy from the Phase I I agreement .  I n  
add i tion ,  the del ivery o f  energy from this un i t  t o  the load center in 
Massachusetts l i kely would require the construction of a 345-kV AC 
transmiss ion l ine through the state of Maine . The DOE Staff has reviewed th is 
assessment and has determined that , while the magnitude of the cost 
di fferen t ial between Phase I I  energy and Point Lepreau #2 energy appears to be 
somewhat overstated ( when one cons iders the projected cost of energy from U . S .  
nuclear plan ts ) ,  the relative economics do appear to favor the Phase I I  
energy . Furthermore , the 345-kV transmiss ion l ine required to implement this 
alternat ive would be approximately 290 km ( 1 80 mi ) long , poss ibly not along 
exist ing r ights-of-way , and would l i kely result in greater environmen tal 
impact . 

The Midwest i s  cons idered another potent ial source of purchased power 
because of its present surplus of non-oil-fired capaci ty .  The Midwest 
generally is  cons idered to include the util i t ies within the East Central Area 
Rel iab i l ity Counc i l  ( ECAR ) . ECAR is another of the n ine reg ional rel iab i l i ty 
counci l s  of the Nor th American Electric Rel iab i l i ty Counci l . This council  
includes electric  u t i l i ties in  Michigan , Ind iana , Oh io , Kentucky , 
West V i rginia , and par ts of V i rginia and Pennsy lvan ia . There are several 
factors wh ich preclude consideration of Midwes t energy as a v iable al ternative 
to the proposed ac t ion : 

( 1 )  Load and capac ity project ions ind icate that the present capacity 
surpluses en j oyed by the ECAR ut i l i t ies would not last long enough 
to susta in a firm energy sale to NE POOL through the 1 990s . 

( 2 )  Any ava ilable surpluses are l i kely to be purchased by util i t ies in 
the Pennsylvan ia-New Jersey-Maryland reg ion ( PJM ) which have 
exist ing d i rect transmiss ion connect ions to ECAR util i t ies . 

( 3 ) Any power purchased from ECAR mus t fol low through the central 
New Yor k  State and PJM systems . The transmiss ion sys tems in these 
areas are already heavily ut i l i zed and could not wi thstand the 
add i t ional load imposed by wheel ing Midwest energy to New England . 

( 4 )  The cons truct ion of add i t ional transmiss ion through New York  and/or 
the states of the PJM systems could meet with var ious regulatory , 
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legal , and envi ronmental obstacles wh ich could prevent or delay 
implementation and raise the final cost of the energy . 

However , an analys is performed by the appl icant ind icates that , 
notwithstanding the above logist ical imped iments to the purchase of Midwest 
power , the total cost of energy del ivered to New England would be almost 
double that of the Phase I I  agreement .  The DOE Staff has reviewed this 
analy si s  and is  in agreement w ith this conclus ion . 

2 . 2 . 8  Descr ipt ion of Al ternative Converter Terminal S i tes , Routes ,  and 
Des igns 

Potential al ternative routes were identi fied by the Appl icant on the 
bas is of existing r ights-of-way , as d iscussed in Sect ion 2 . 1 . 2 .  Based on 
these considera t ions , the Appl ican t ' s  analyses i n i t ially ident ified s i x  
potent ial converter terminal s i tes and three potential DC corr idor routes ( ER ,  
Vol . 4 ) . These alternatives were then evaluated based on a number of 
environmental and economic cons iderations . The DOE Staff has reviewed the 
methodology and rat ionale employed by the Applicant in evaluating 
alternat ives , and based on that review concludes that the al ternat ives 
iden t i f ied by the App l i cant are v iable and prov ide an adequate bas is for 
compara t i ve evaluat ion w ith the proposed route and proposed conver ter terminal 
site . 

2 . 2 . 8 . 1 Converter Terminal Options 

Op tions for converter terminal locations were in i tially determined on the 
bas i s  of system reliab i l i ty ( ER ,  Vol . 4 ) . This c r i ter ion was then used in 
conjunc tion w i th economic cons iderat ions and the occurrence of exist ing 
transmiss ion corr idors to rank terminal locations . No feas ible al ternative to 
the northern terminus for the proposed Phase I I  project exists . S i t ing of the 
northern terminus at any locat ion other than at the proposed Comerford 
terminal s ite at Monroe , New Hampsh ire , would necess i tate cons truction of a 
new DC l ine from the Canad ian border . Also , full  capac ity util ization of the 
Phase I DC transmiss ion l ine could be ach ieved only w i th the nor thern terminus 
for the Phase I I  project located at the Comerford terminal s i te ( ER ,  
Vol . 4 ) . 

S i x  potent ial s i tes were identified for the Phase I I  converter 
terminal : Monroe and Londonberry , New Hampsh ire ; Ludlow , Millbury , Tewksbury , 
and Groton/Ayer , Massachusetts . These s i tes were chosen because they provided 
a wide geographic range in iden ti fy ing an economically optimal network or 
because they were located near the s ite of an AC substation . Based on these 
cons iderat ions , only the proposed Sandy Pond site  at Groton/ Ayer and the 
alternat i ve at Tewksbury were deemed feas ible . This dec i s ion was based 
primar i ly on economic cons iderations ( ER ,  Vol . 4 ) . The economic 
considerations also translate into environmental , social , land use , and other 
considerations , because the extra costs are pr imar i ly associated w i th forest 
clear ing ,  wetland mod ificat ion , land condemnation , and s imi lar activi ties . 

The alterna t i ve Tewksbury converter terminal s i te would be located near 
the exist ing Tewksbury 345-kV AC substat ion . This s i te is  about 32 km ( 20 mi ) 
eas t of the proposed converter terminal s i te . Land area , equ ipment ,  ground ing 
system , communicat ion sys tem , and other fac i l i t i es that would be required for 
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the Tewksbury converter terminal are the same as , or s imilar to , those needed 
for the proposed Sandy Pond converter terminal ( see Sect ion 2 . 1 ) .  The major 
d ifferences be tween the two terminals relates to development of the 
facil i t ies . The Tewksbury terminal would requ ire construct ion in a wet land 
and floodplain . Also , because the Tewksbury s i te is located in an area of 
numerous ex isting overhead transmiss ion l ines , ground-surface- instal led sulfur 
hexafluor ide bus ducts would have to be used for the two 345 -kV AC c i rcu i t  
connect ions with the Tewksbury 345-kV A C  substat ion ( ER ,  Vol . 1 ) .  The 
connector c i rcuits would each be about 0 . 6  km ( 0 . 4  mi ) long . 

2 . 2 . 8 . 2  AC Reinforcemen ts 

Essent ially the same two AC transmiss ion sys tem re inforcements as 
proposed would be requ i red whether the converter terminal were located at 
Sandy Pond or at Tewksbury . The proposed AC system is  descr ibed in 
Sec t ion 2 .  1 . 4 . 1 .  

2 . 2 . 8 . 3  DC Route Alterna t i ves 

On the bas is  of the criteria d iscussed in Sect ion 2 . 1 . 2 ,  three 
alternative routes for the DC l ine have been iden t if ied : ( 1 )  the Tewksbury 
al ternat i ve ( Figures 2 . 5  and 2 . 6 ) , ( 2 )  the eastern al ternat ive ( F igures 2 . 7  
and 2 . 8 ) , and ( 3 )  the wes tern al ternative ( Figures 2 . 9  and 2 . 1 0 ) . The 
Tewksbury al ternat i ve would involve use of the al ternat ive Tewksbury converter 
s i te and provide as d irect as poss ible rout ing of the DC l ine from Comerford 
to Tewksbury . The eastern alterna t i ve would util ize the nearest north-south 
right-of-way east of the proposed DC route , and would terminate at the 
proposed Sandy Pond terminal . S imilarly , the western al terna t i ve would 
util ize the nearest e x i s t ing north-south r ight-of-way west of the proposed DC 
l ine . 

The first  1 8 1  km ( 1 1 2 . 5  mi ) of the Tewksbury l ine ( to the town of Hudson , 
New Hampsh ire ) would be the same as the proposed DC route ( see 
Sec tion 2 . 1 . 3 ) . The rema i n ing 23 . 5  km ( 1 4 . 6  mi ) would follow an e x i s t ing 
r ight-of-way southeast to the al ternat ive Tewksbury terminal s i te .  This 
stretch would run between two 230-kV AC transmiss ion l ines . A 1 1 5 -kV AC l ine 
presently located be tween the 230-kV l ines would have to be relocated for a 
1 5 .  1 -km ( 9 . 4-mi ) stre tch between Hudson , New Hampsh ire , and Dracut , 
Massachusetts . Add i t ionally , a 7 . 2 -km ( 4 . 5 -mi ) stretch from Dracut to 
Tewksbury would require relocation of the 1 1 5-kV l ine and relocation of an 
existing 230-kV AC l ine and a planned 345-kV AC l ine onto double-c ircu i t , 
s ingle-pole structures . 

The eastern al terna t i ve would extend for 248 km ( 1 54 mi ) from the 
Comerford terminal to the proposed Sandy Pond terminal s i te . Mos t  of the 
route would be along e x i s t ing r ights-of-way . However , in many cases these 
r ights-of-way are too narrow to accommodate the new DC l ine , and thus 
s ign ificant r ight-of-way acqu isit ion and clear ing would be requ i red ( E R ,  
Vol . 4--p . 55 ) . From the Comerford terminal , the eastern alternative would 
follow exist ing r ights -of-way east and south for about 1 63 km ( 1 0 1  m i )  to the 
vicinity of the Merr imack station in Bow , New Hampshire . These r ights-of-way 
are occup ied pr imar ily by 1 1 5-kV AC l ines and intermittently by a 60-kV AC 
l ine . The eastern al ternat ive would then follow existing right-of-way 
southwest for about 53 km ( 3 3 m i ) , cross ing the proposed route near the Greggs 
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substat ion in Goffstown , New Hampsh ire , and then would proceed southeast unt i l  
i t  joined the r ight-of-way of the proposed DC l ine i n  Hudson , New Hampshire . 
This stretch is  occup ied pr imar ily by 1 1 5-kV AC l ines and intermittently by 
low-voltage l ines . The rema in ing 32 km ( 20 mi ) of the eastern al ternat ive 
would be identical to the proposed route ( see Sect ion 2 . 1 . 3 ) . 

The western alternat ive would extend for 246 km ( 1 53  mi ) from the 
Comerford terminal to the Phase I I  converter terminal s ite . S imilar to the 
case for the eastern alternative , the need to widen the existing r ights-of-way 
to accommodate the new DC l ine would necess i tate s ign ifican t r ight-of-way 
acquis i t ion and clear ing along the western alternative route . From Comerford , 
the route would extend about 87 km ( 54 mi ) southwest along exist ing r i ght-of­
way to the Wi lder hydroelectric generating stat ion in Hartford , Vermont . The 
exist ing r ight-of-way is occupied pr imar ily by 34 . 5 - to 46-kV AC l ines . Th is 
right-of-way follows the Connecticut River Valley in Vermont for about 76 km 
( 4 7 mi ) '. For the next 64 km ( 40 mi ) ,  the western al ternative would ex tend 
south within an exist ing r ight-of-way paral lel ing the Connecticut R i ver Val ley 
on the New Hampsh ire s ide to Walpole ,  New Hampsh ire . A 1 1 5 -kV AC l ine 
currently occup ies this r ight-of-way . The western al ternative would follow a 
double-circu i t ,  1 1 5-kV AC l ine for about 95 km ( 59 mi ) to the Pratts Junct ion 
69/ 1 1 5/230-kV AC substa t ion in Sterl ing , Massachusetts . Var ious segmen ts of 
the 1 1 5-kV l ine would require relocation . Rather than runn ing the Wes tern 
al ternat ive back nor th about 24 km ( 1 5 mi ) to the proposed Sandy Pond 
converter terminal s it e , the Appl ican t would cons truct a converter terminal 
adjacent to the Pratts Junct ion substat ion . A new 345-kV AC substation at 
Pratts Junct ion would also have to be cons tructed to connect the converter 
terminal to the 345-kV AC transmission system ( E R ,  Vol . 4 ) . 

2 . 2 . 8 . 4  Des ign Al ternat ives 

Several al ternat ive structure des igns were cons idered for the DC l ine : 
steel-pole H-frame , steel-pole s ingle-shaft , and lattice s teel H-frame ( E R ,  
Vol . 4 ) . These al ternat ives would only be practical for the nor thern 1 8 1  km 
( 1 1 3 mi ) of the DC l ine , but were not chosen due to economic and env ironmental 
considerat ions ( E R ,  Vol . 4 ) . The proposed s ingle-shaft steel pole is  the only 
structure type that could be used on the remainder of the DC l ine that would 
not requ ire acqu i s i t ion of add it ional r igh t-of-way . 

2 . 2 . 8 . 5  Underground Transmiss ion System 

Install ing the transmission l ines underground is  a techn ically feasible 
alternative to construct ion of the proposed overhead transmiss ion l ines . 
However , env ironmental impacts and construction cos ts would be greater and 
system rel iab i l i ty would be lower for an underground system than for overhead 
systems ( see Sect ion 2 . 3  and ER , Vol . 4 ) . 

An underground DC l ine would requ ire one bipole c i rcui t  ( two cables ) and 
one spare cable . Self-contained , o i l-filled cables would be installed in a 
continuous trench . The trench would be at least 1 . 2 m ( 4  ft ) w ide and 1 . 5 m 
( 5 ft ) deep , w ith the cables placed at least 1 . 1 m ( 3 .  5 ft ) below ground 
level . Thermal sand and clean backfi ll  would be used to refi ll  the trench . 
Bur ied spl ices would be requi red every 0 . 5  km ( 0 . 3  mi ) ,  underground o i l  
pressure stations every 2 . 4  km ( 1 . 5 mi ) ,  and a control cable the l eng th of the 
l ine . The land over and in the v i c in i ty of the l ine would have to be 
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maintained free of trees and shrubs . Improved access would also be requi red 
for the length of the l ine ( ER ,  Vol . 4 ) . 

An underground 345-kV AC transmission l ine would requ ire three paral lel , 
high-pressure , oil-filled , pipe-type cables . They would be installed in a 
continuous trench s imilar to the trench for an underground DC l ine . 
Backfill ing would also be s imilar to that for a DC l ine . Cable spl i ces would 
be required every 0 . 8  km ( 0 . 5  mi ) and above-ground o i l  pump ing s tations every 
8 to 1 6  km ( 5 to 1 0  mi ) . One or more above-ground react ive com pen sat ion 
stations would also be needed . Access and ground ma intenance requ i rements 
would be s imilar to those for an underground DC l ine ( ER ,  Vol . 4 ) .  

For e i ther l ine ( DC or AC ) to be constructed underground , a cont inuous 
work area generally about 1 2  m ( 40 ft ) w ide would be required . Add i t i onally , 
new r ight-of-way acqu i s i t ion would be requ ired where the l ines would have to 
deviate from existing r ights-of-way ( e . g . ,  at archeolog i cal s ites , lakes , 
wetlands , steep slopes , and areas of high eros ion ) ( ER ,  Vol . 4 ) .  Trans i t ion 
stations would be required to go from underground to overhe�d and v�ce 
versa . These stat ions generally require an area of about 1 9  m ( 200 ft ) . 
Bus work , terminat ion structures , and a control equ ipment bu ild ing would be 
located at each s i te . Max imum structure height would be 24 m ( 80 ft ) ( ER ,  
Vol . 4 ) . 

2 . 3  COMPARISON OF ALTERNATI VES 

2 . 3 . 1  Comparison of the Proposed Action and Al ternative Act ions 

In the d iscussion in the preced ing subsections , it was concluded that the 
potential al ternat ives of no action , conservat ion , load management ,  
decentral ized energy production , fuel convers ion , and domestic power purchases 
were not v iable alternatives to the proposed project for one or more of the 
following reasons : ( 1 )  potential capacity was too low , ( 2 )  reasonable 
expectat ions of the al ternat ive capac ity and energy savings were already 
figured in demand and resource projections , and/or ( 3 )  the al ternat ives were 
complementary to the proposed act ion in that the ir contribut ions would reduce 
somewhat the demand for o i l -fired generat ion of electr i c i ty in New England . 

Therefore , only al ternatives involv ing new large-capac ity , central ized , 
non-oil-fired generating facil ities could be considered viable alternat i ves . 
Such fac i l i ties would include coal- or nuclear-fueled steam-elect r i c  plants 
and large-scale hydroelect r ic  installations . Large-scale hydro was ruled out 
because there are no remain ing s i tes within New England where an installat ion 
with a sufficiently large generating capacity could be located . Thus , of the 
act ion al ternatives examined , only coal- or nuclear-fired generat ing plants 
are cons idered feas ible al ternatives to the proposed project . 

As prev iously stated , ne ither the coal nor nuclear opt ion is  as 
economically viable as the proposed transmission project due pr imar ily to the 
higher capi tal requ i rements of these al ternatives . In add i t ion ,  the long 
per iod required for design , l icens ing , and construction of these plants would 
preclude e i ther type of plant from being placed in service until  the mid- to 
late- 1 990s . By compari son , the proposed transmiss ion proj ect could be placed 
in service by the last quarter of 1 989 . 
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Environmental impacts also would be greater for the powerplant opt ion . 
Even though impacts would be brought w i thin es tabl ished l imits by the adopt ion 
of var ious mandatory mit igat ive measures , the net adverse impacts would still  
be  greater for the powerplan t al ternat ive . 

Most of the impacts assoc iated w i th the proposed proj ect would occur 
dur ing the cons truct ion per iod ; the current evaluation by DOE iden t ified no 
s ign ificant adverse impacts related to the operat ion of the proposed 
transmiss ion l ine and only short-term impacts related to construct ion of the 
project . Powerplant impacts would be equal to or greater dur ing the 
cons truction per iod ( al though the construct ion per iod would be much longer and 
local ized to the powerplant s i te vicinity ) , but certain adverse operat ional 
impacts ( prev iously d iscussed ) would exist  for the l i fe of the plant --
30 years or more . 

The "no act ion" alternative would not produce the impacts assoc iated w i th 
the cons truc t ion of the proposed proj ect ; however , i t  would cause the burn ing 
of an add i tional 12 mill  ion barrels of o i l  per year in New England w i th a 
resul t ing increase in a irborne emiss ions . Furthermore , the "no act ion " 
alternative would not produce the economic benefits proj ected for the proposed 
project . 

Only al ternat ive routes and des igns are concluded to be feas ible 
al ternatives to the proposed act ion . However ,  cons iderat ion of the 
envi ronmental consequences of the alternative des igns and routes ( see Sec­
t ions 2 . 3 . 2  and 4 . 2 )  ind icates that the magn i tude of impacts ( espec ially 
econom i c )  would be s ign i ficantly greater than for the proposed pro j ec t .  

2 . 3 . 2  Compar ison of Proposed and Al ternative Conver ter Terminal S i tes , 
Routes , and Des igns 

Extens ive descr ipt ions and comparisons of the proposed and alternat ive 
routes were provided in the Applicant ' s  ER ( Vol . 4 ) . The more pertinent 
compar isons are outlined in Table 2 . 5  and br iefly d iscussed in the following 
subsect ions . Above- and below-g round al ternatives also are d iscussed below . 

2 . 3 . 2 . 1 Air Qual ity 

The a ir -qual i ty cond i t ions at the locations for the proposed and 
al ternat ive routes and converter terminal s i tes are very s imi lar . These 
cond it ions are d i scussed in Sec t ion 3 . 1 .  The al ternative routes and terminal 
s i tes are close to the s i tes of the equivalent componen ts of the proposed 
route . Thus , greater var iat ions in a i r  qual i ty would occur between the 
northern and southern extremes of a par t i cular route than at equ ivalent 
sections among routes . 

Changes in air-qual i ty condit ions related to cons truct ion and operation 
would be s imilar for all overhead alternative routes . Increased cons truct ion 
ac t i v i t ies assoc iated w i th the underground al ternative would have a greater 
impact on a i r  qual i ty . Impacts ( potent ial or real ) would result  from 
increased fug i t ive dus t ,  eng ine emiss ions , and aud ible noise assoc iated w i th 
the increased construc t ion act i v i ties . The underground alterna t i ve would have 
less potent ial impacts on a i r  qual i ty dur ing operat ion due to reduc t ion or 
el imination of ozone , a i r  ions , aud ible no ise , and magnet ic and electric  field 
effects assoc iated with overhead transmiss ion systems . 
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Table 2 . 5 .  Summary Compar i son of Proposed and Alternat ive Routesa , b , c  

Character ist ics 

Length ( km ) 

Cen terl ine slopes 
>20% ( km )  

R ights-of-way acqu i s i t ion 
requi red ( ha )  

Potential home/bus iness 
relocat ions ( number )  

Clearing requ ired ( ha )  

Selected land use types 
crossed ( km ) 

Forest 
Wetland 
Agricul ture 
Res ident ial 
Bus iness/commerc ial 

Number of cross ings 
Roads 
Streams/ r ivers 
Lakes/ponds 
State/nat ional fores ts 
State parks 
Wildl ife management areas 
Recreat ional areas 
Trails 

Capi tal construct ion 
costs ( $  mill ion ) 

Proposed 
Route 

2 1 4 . 4  

9 . 3  

0 

0 

86 . 2  

24 . 0  
1 5 . 0  
1 6 . 4 
0 . 8  
3 .  1 

1 37 
209 

1 2  
2 
0 
2 

2 1  
2 

585 

Tewksbury 
Route 

204 . 5  

9 . 3  

0 

0 

1 3 . 7  

N/Ad 

1 5 . 0  
1 4 . 8  
0 . 3  
3 . 5  

1 2 1  
1 9 1  

1 0  
2 
0 
2 

23 
2 

608 

a Source : E R ,  Vol . 4--Tables I V-2 , I V-4 , and I V-6 . 

Eastern 
Route 

248 . 0  

2 1 . 1  

64 1 . 4 

40-60 

693 . 3  

204 . 4  
1 0 . 3  
1 5 . 0  
1 0 . 8  
N/A 

N/A  
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

6 62 

Wes tern 
Route 

246 . 2  

22 . 2  

440 . 3  

35 

7 1 6 . 3  

1 6 5 . 9  
6 .  1 

36 . 5  
9 . 5  
N/A 

N/A  
N/A 
N/A  
N/A 
N/A 
N/A 
N/A 
N/A 

649 

b Data do not include the proposed 345-kV AC transmiss ion l i nes that would 
be common to the proposed and al ternative routes . 

c Convers ions : 1 km = 0 . 62 mile ; 1 ha = 2 . 4 7  acres . 
d N/A = not ava i lable . 
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2 . 3 . 2 . 2  Land Features and Use 

Geology and So ils  

The geologic  and so il impacts associated w i th the overhead des ign opt ions 
of the ±450-kV DC transmiss ion l ine , 345-kV AC l ine , and double-circuit  
1 1 5 -kV A C  l ine would be s imilar because major des ign , cons truction , and 
operational features of the l ines are s imilar . Slope s tab i l i ty and resul ting 
landsl ides might be a problem on sloping areas such as stream cross ings . The 
geologic impacts of the proposed overhead transmiss ion facil i t ies would l i kely 
be less than those assoc iated w i th an underground transmiss ion l ine . Con­
struct ion of an underground l ine would requ ire more extensive excavat ion , 
grading , or backfi ll ing than an overhead l ine , and therefore would create 
po tential landsl ide or mass-was t ing problems . In  add i t ion , the underground 
cable installat ion would requ ire areas for permanen t access to the spl icing 
manholes and for temporary s i te s torage for thermal sand and spo i l mater ial . 
The longer cons truct ion t ime for the underground l ine would increase the 
poten tial for eros ion of exposed materials and soil . 

There would be no s ign i ficant d i fferences in geologic and soi l s  impacts 
be tween the Tewksbury al ternat ive DC transmiss ion l ine and the proposed 
route . However , geology and soil impacts associated w i th the eastern and 
western al ternative routes would be greater than those assoc iated w i th the 
proposed route , pr imarily because of the substan tially grea ter r ight-of-way 
clear ing that would be requ ired ( ER ,  Vol . 4 - -Table I V-4 , Table I V-6 ) . 

The proposed Sandy Pond conver ter terminal would be located on a graded 
1 2-ha ( 30-acre ) s i te adjacent to the existing Sandy Pond 345-kV AC substa­
tion . Most of the s i te is an existing upland oak wood land w i th low to 
moderate topograph ic rel ief.  The 1 1 -ha ( 26-acr e )  Tewksbury al ternat ive 
terminal s i te would be located in a wooded wetland , the Great Swamp , and 
par tially on land occup ied by an existing 345-kV AC substation . The geologic 
and so il impacts are expected to be s imilar at  the proposed and alternat ive 
converter terminal s ites . However , development of the Tewksbury al ternat ive 
site  would require creation of compensatory offs ite flood storage ( ER Vol . 4-­
p .  44 ) .  Thus , impacts on soil  resources would l i kely exceed those assoc iated 
w i th development of the proposed s i te . 

Land Use 

Des ign al ternatives ident i fied by the App l i can t include types of trans­
miss ion structures as well as DC and AC underground transmiss ion systems . 
Compared w ith the proposed steel lattice H-frame and other al ternat ive 
des igns , the s teel -pole , s ingle-shaft structures would requ ire the least space 
and therefore would result in the least amount of land area ded i cated to 
electr ic energy transmiss ion . 

Land-use confl icts dur ing construction of e i ther the DC or AC underground 
transmission system would be far greater than those assoc iated w i th cons truc­
tion of the proposed overhead transmission l ine . Long- term cons iderat ions of 
land use would favor development of the underground systems . However , build­
ing an underground system w i th in the estab l i shed transmiss ion corr idor would 
not alleviate land-use cons tra ints associated w i th the two curren tly e x i s t ing 
transmission l ines w i th in the corr idor . 



2 -42 

The western and eastern al ternat ive transm iss ion l ine routes are each 
longer than the proposed route . Furthermore , the inten s i ty of land-use 
impacts associated w i th the two al ternat ive routes would also be greater than 
for the proposed route . The Tewksbury al ternat i ve and the proposed route 
correspond w ith establ ished transmiss ion 1 ine corr idors and traverse 
relat ively s imilar terra in ; therefore , land-use impacts related to those two 
routes would be relat ively s imilar . The Tewksbury alternative is  about 4 . 6% 
shor ter than the proposed route ( ER , Vol . 4--p . 42 ) .  Thus , land-use impacts 
would not be a s ign i ficant issue for choos ing be tween the two routes . 

Land-use opportun it ies at both the proposed and alternat ive Tewksbury 
converter terminal s i tes are relat ively l imi ted . Al though consisting of 
marg inal forest land , the proposed terminal s i te has some potent ial for 
production of conunercial wood products and for d ispersed recreational use . 
Thus , development of the proposed s i te would resul t in somewhat greater land­
use impacts than would developmen t of the Tewksbury al ternat ive . 

2 . 3 . 2 . 3  Hydrology , Water Qual ity ,  and Water Use 

Surface Water 

Po tential surface-water impac ts related to eros ion , water qual ity ,  drain­
age patterns , surface runoff , and damage to s treambanks would be s imilar for 
all overhead transmiss ion faci l i ties . The adverse impacts associated with 
construction of an underground transmiss ion sys tem are expected to be greater 
than those associated w i th the proposed overhead facil ity , ma inly because of 
increased volume of excavated material for trenches and manholes and increased 
length of construct ion t ime for an underground system .  Surface -water impacts 
could increase , par t icularly when the underground l ine passed unde r sur face 
waterbod ies . 

The proposed DC and the Tewksbury al ternat ive transmission l ines would 
have comparable surface-water impacts . The substant ially greater r ight-of-way 
clear ing and soil d isturbance associated w i th developing the eastern or 
western alternative routes would increase eros ion poten tial and sed iment 
deposit ion in surface waterbodies to a greater extent than would be the case 
for the proposed route . 

The proposed Sandy Pond converter terminal s i te contains no surface 
waterbod ies , whereas the Tewksbury al terna t i ve converter terminal s ite 
conta ins 3 ha (8 acres ) of 1 00-year floodplain , of wh ich 2 . 4  ha ( 6  acres ) are 
vegetated wetlands . The western al ternative converter terminal would be 
adjacent to a small wetland and a tributary stream to the Nor th Nashua R iver 
( ER ,  Vol . 4 ) ; therefore , surface-water impacts for the proposed terminal s i te 
would be less than for the al ternat ive converter terminal site . 

Groundwater 

Some adverse impacts on groundwater cond it ions , includ ing aqui fer 
contam ination and d isrupt ion of shal low groundwa ter flow patterns , would be 
s imilar for all overhead design opt ions . The groundwater impacts of the 
underground transmission l ine are expected to be greater than those of the 
overhead transmiss ion opt ion s ince the underground l ine would involve 
excavat ing a continuous trench for the en t i re length of the proposed inter-
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connect ion . Rout ing de tours to bypass areas that would hinder or preclude 
trenching operations would substant ially increase the volume of mater ials to 
be excavated . Backfilled trenches would tend to serve as subsurface col lector 
drains for groundwater at shallow depths . 

There would be no s igni ficant d i fferences in groundwater impacts among 
proposed and alternat ive converter terminal s i tes , al though there would be 
sl ight changes in g roundwater cond i t ions for the Tewksbury alternative 
converter terminal s i te because of the fill ing of the 3-ha ( 8-acre ) 
floodplain . 

2 . 3 . 2 . 4  Ecology 

The ecological character ist ics of the al ternat ive routes and converter 
terminal s ite are s imilar to those o f  the proposed routes and of the s i te for 
the proposed converter terminal fac i l i t ies " ( see Section 3 . 4 ) . D i fferences are 
pr imarily in the extent of var ious hab itat types w i thin each route or at each 
s i te . Of major concern are the amounts of fores ted habitat that would require 
clear ing and the extent of disturbance to wetlands . D i fferences in numbers of 
flowing or s tanding waterbod ies to be crossed are of min imal concern , as these 
waterbod ies would be spanned in almost all cases . The d i ffer ing amounts of 
open ( non-forested ) upland hab itat  are not of major concern becaus e such 
hab i tats would only be minimally impacted by structure placement ,  laydown area 
development ,  and access road improvements . Addit ionally , such hab i tats can be 
more read ily restored than can forested or wetland habi tats . 

Briefly , the princ ipal d i fferences of the overhead route al ternat ives as 
compared w i th the proposed route are as follows : 

• Tewksbury Al ternat ive--less forest clear ing ( includ ing forested 
wetlands ) ( 9 . 3  ha [ 22 . 9  acres ] for the Tewksbury route vs . 74 . 1  ha 
[ 1 83 acres ] for the proposed route ) , and greater wetland and floodplain 
d isplacement ( due to location of the converter terminal par t ially in a 
floodpla in/wetland area ) ( 4 . 6  ha [ 1 1 . 3 acres ] of wetland displacement 
for the Tewksbury route vs . 4 . 1 ha [ 1 0 . 2  acres ] for the proposed route , 
and 4 . 2 acre-feet of floodplain d isplacement for the Tewksbury 
route vs . 3 . 2  acre-feet for the proposed route ) ( ER ,  Vol . 4 ) . 

• Eastern Alternative--greater fores t clear ing ( 693 ha [ 1 , 7 1 3  acres ] for 
the eastern al ternat ive vs . 86 . 2  ha [ 2 1 3  acres ] for the proposed 
route ) , less wetlands traversed ( 1 0 . 3  km [ 6 .  4 mi ] of wetlands to be 
traversed for the eastern al ternative vs . 1 5 . 0  km [ 9 .  3 mi ] for the 
proposed route ) ,  and greater eros ion potent ial ( 2 1 . 1  km [ 1 3 . 1 mi ] of 
terra in w i th centerl ine slopes greater than 20% for the eastern 
al ternative vs . 9 . 3  km [ 5 . 8  mi ] for the proposed route ) ( ER ,  Vol . 4 ) . 

• Western Al terna t i ve--greater forest clearing ( 7 1 6  ha [ 1 , 770 acres ] for 
the western al ternative vs . 86 . 2  ha [ 2 1 3  acres ] for the proposed 
route ) , less wetlands traversed ( 6 . 1 km [ 3 . 8  mi ] for the western 
alternative vs . 1 5  km [ 9 .  3 mi ] for the proposed route ) ,  and greater 
eros ion potent ial ( 22 . 2  km [ 1 3 . 8  mi ] of te rrain with centerl ine slopes 
greater than 20% for the western al ternat ive vs . 9 .  3 km [ 5 .  8 mi ] for 
the proposed route ) ( ER ,  Vol . 4 ) .  
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these al ternatives are d iscussed more fully in 

The only other al ternat ive of concern is that invol ving placemen t of the 
transmiss ion l ines underground . The underground l ine would fol low the same 
route as the proposed overhead system . However ,  because of construct ion and 
maintenance d i fferences , there would be d i ffer ing e ffects on ecolog ical 
resources . Compared w i th the overhead l ine , the underground alternat ive 
generally would require increased clear ing of vegetation , s ign i f icantly more 
d isturbance of streams and wetlands , increased potential for eros ion ( due to 
more excavated mater ial ) ,  and increased d i s turbance to wild l i fe and vegetation 
( due to requirements to ma intain the r ight-of-way of the underground sys tem in 
a grassy condi t ion ) .  These d ifferences are d iscussed in more deta i l  in 
Section 4 . 2 . 1 . 4 .  

2 . 3 . 2 . 5  Soc ioeconomics 

Soc ioeconomic impacts caused by implementation of alterna t i ve des igns 
would be the same as those of the proposed pro j ect , except in the case of 
development of an underground transmiss ion l ine . The underground opt ion could 
create greater dis turbance ( temporary and long-term) to commun i t ies along the 
right-of-way as a result of increased traffic , no i se , and dust level s . 

The Tewksbury al ternative overhead route and converter terminal s ite 
would have effects s imilar to those of the proposed project ; however , the 
eastern and wes tern alternatives would have greater impacts because of the 
need for r ight-of-way expans ion . For these alterna t i ves , the acqu i s i t ion of 
an add i t i onal 400 to 600 ha ( 1 , 000 to 1 , 500 acres ) would neces s i tate 
relocation of 35 to 60 homes or bus inesses , and heav ier access road demands 
would have potent ial dis turbance effects on local commun it ies . 

2 . 3 . 2 . 6  V isual Resources 

V i sual impacts are minimized when structures of mul tiple transmiss ion 
lines within a common corr idor are symmetrical in terms of s t ructural des ign 
and placement .  Thus , the Appl i cant ' s  selection of s teel lat t i ce H-frame 
structures for the proposed DC transmiss ion l ine between the Comerford 
converter terminal and Sandy Pond Junct ion in New Hampsh ire would cause less 
incremental visual impact  than any of the three al ternative s tructure types 
cons idered . Overhead supports for the proposed DC transmiss ion l ine between 
Sandy Pond Junct ion and the proposed converter terminal site  at Sandy Pond in 
Massachusetts would be s ingle-shaft , steel-pole s tructures ( ER ,  Vol . 2--p . 48 , 
Vol . 3--p . 34 ) .  The level of visual intrus iveness assoc iated w i th these 
structures is generally cons idered relatively low compared with that of other 
structure des igns of s imilar stature . However , this advan tage would be offset 
to some extent s ince the form and l ine attr ibutes of the proposed s ingle-shaft 
structures would contras t with those of H-frame s tructures of an exist ing 
transmiss ion l ine w ithin the common r ight-of-way . 

Dur ing construct ion , development of the proposed overhead DC transmiss ion 
line would resul t in far less v isual impact than would cons truction of the 
alternat ive underground transmission sys tem . However , following reclamat ion 
of s i tes d isturbed dur ing construct ion , the s i tuat ion would be reversed in 
that the incremental visual impacts of overhead transmiss ion l ines would 
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exceed those of underground systems . Nonetheless , the appearance of the 
r ights-of-way for underground systems would intrude on numerous landscapes 
s ince the r ights-of-way mus t  rema in cleared of trees and shrubs ( ER ,  Vol . 4-­
p .  80 ) . The effect would be  most not i ceable in  forested landscapes , 
particularly in areas where construct ion constraints would necess i tate routing 
of the underground system outside the estab l i shed r ights-of-way ( ER ,  Vol . 4-­
p .  86 ) .  

The potent ial for visual impacts for both the eastern and wes tern 
alternative routes would be greater than that for the proposed route . The 
alternative routes are appreciably longer , encroach on substant ially greater 
resident ial area , and would requ ire cons iderably more r ight-of-way clear ing 
than would be the case for the proposed route ( ER ,  Vol . 4 - -Sec . I I I . C ,  
Sec . I I I  . D ) . The alternative Tewksbury route corresponds w i th the proposed 
route for about 1 74 km ( 1 08 mi ) .  The rema inder of  the two routes would 
traverse relatively s imilar terrain and cultural developments . However , 
visual impacts would be greater for the Tewksbury alterna t i ve , pr imar ily 
because the al ternat ive route traverses a 7 . 2-km ( 4 . 5 -mi ) segmen t of an 
establ ished transmiss ion corr idor in which parallel ing transm ission l ines 
would entai l  suppor t  s tructures of s i x  d i ffer ing structural des igns . 

Both the proposed and alternat ive Tewksbury conver ter terminal s i tes are 
character i zed by low-qual i ty landscape views . Furthermore , both s i tes are 
relatively well screened from views by the general public . Thus , visual 
resources are not mean ingful issues for choosing between the two converter 
terminal s ites . 

2 . 3 . 2 . 7  Cultural Resources 

Al ternative structure types ( s ingle pole and waisted ) could have greater 
visual impact on histor ical s ites near the r ight-of-way , although spec ific 
impacts have yet to be i den t i fied . Bur ial of the transmission l ine would have 
much h igher potential for both surface and subsurface damage to archeolog ical 
s i tes . 

Among the alternat i ve overhead routes cons idered , the western al ternative 
probably has the h ighest potential for impacts to archeologi cal  and h istor ic  
sites because its northern segment would traverse the Connect i cut R i ver 
Valley . Cultural resource surveys would be needed in order to effectively 
assess the adverse impacts , as in the case of the proposed route . 

2 . 3 . 2 . 8  Health and Safety 

Health and safety concerns genera lly would be s imilar among all overhead 
transmiss ion system alternat ives . As d iscussed in Sect ion 4 . 1 . 8 ,  the levels 
of air  ions , ozone , aud ible noise , electr ic  fields , and magnetic fields 
associated w ith ±450-kV DC and 345-kV AC transmission l ines are w i thin levels 
that have been shown to have l i ttle or ( more often ) no biomed ical or 
behavioral effects on an imals and humans . Therefore ,  no impacts would be 
expected from any of the overhead alternatives . Nevertheless , perce ived 
impacts would probably be greater for both the eastern and western a l terna­
tives compared w ith the proposed route and the Tewksbury al ternat ive . This 
difference would be due to the greater number of res ident ial and bus iness 
developments adjacent to the eastern and western al terna t i ve routes . 
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Worker safety issues would be s imilar for all overhead transmiss ion l ine 
al ternatives . Relat ive safety would be less for the eastern and western 
alternatives because those routes would be longer and because greater amounts 
of forest would r equ ire clear ing . 

The underground al ternat ive would not have the perceived impacts 
assoc iated w i th elec tr ic  and magnetic  field effects and other opera t ional a ir­
qua l i ty concerns . However , worker safety issues would increase because of the 
greater amount of cons truction activi t ies required for an underground 
system . Also , health and safety issues would be greater because of  the 
increased maintenance ( effort and frequency ) requ ired for an underground 
sys tem . 

2 . 3 . 2 . 9  Rad io and Televis ion Interference 

In contrast with electr ical fields surround ing conductors of overhead 
transm iss ion l ines , there is essentially no electr ical field surround ing 
cables of underground transmiss ion systems ( Bonneville Power Admini stration 
1 982 ) . Thus , receivers adjacen t to bur ied transmiss ion cables are not subject 
to rad io and televis ion interference . 

The eastern and western al ternat ive routes would traverse more 
resident ial and commerc ial development than would the proposed route ( ER ,  
Vol . 4--Sec . I V . C-D ) . Thus , the potent ial for occurrences o f  rad io and 
televis ion interference would be greater along the eas tern and western 
al ternative routes . The extent of res iden t ial and commerc ial developments 
traversed by the proposed route and the alternative Tewksbury route would be 
relati vely s imilar ; therefore , the potent ial for the incidence of rad io and 
televis ion interference would l i kewise be s imilar . 
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3 .  AFFECTED ENVI RONMENT 

3 . 1 A I R  RESOURCES 

The principal cl imatic character istics of central Massachusetts and 
interior New Hampshire include changeable weather , large day - to-day and annual 
temperature var iations , evenly d istributed monthly prec i p i tat ion , g reat 
d i fferences between the same season of d i fferent years , and cons iderable 
anomal ies in local ized cl imate ( Nat ional Ocean ic and Atmospher ic Admin istra­
t ion [ NOAA ] 1 980 ) . 

Average annual temperatures are about 9 . 4 ° C  ( 49 ° F )  in the Massachusetts 
port ion of the study area and from 7 . 8°C  ( 46 ° F )  in the south to 5 . 0 °C  ( 4 1 ° F )  
i n  the north i n  the New Hampshire port ion ( NOAA 1 980 ) . 

Prec ipitation is fa irly un iform throughout the year and is ma inly 
associated w ith frontal passages . Al though the frequency of frontal passages 
decreases dur ing the summer months , increas ing thunderstorm act ivity in the 
summer more than compensates for the prec ip i tat ion d i fference . Snow cover is 
usually cont inuous through the winter ( Baldwin 1 974 ) . In Massachusetts , 
annual prec ip itat ion is abou t 1 1 4 em ( 45 in ) ,  and in New Hampsh i re ranges from 
1 04 em ( 4 1  in ) in the south to 94 em ( 37 in ) in the north . Annual snowfall is 
just under 1 78 em ( 70 in ) in Massachusetts , and in New Hampshire ranges from 
1 52 em ( 60 in ) in the south to 229 em ( 90 in ) in the north ( ER ,  Vols . 1 -3 ) . 

The changeab il ity of the weather is attr ibutable to the large number of 
storm tracks and the frequent migrat ion of air masses through the reg ion . The 
predominant w ind d irect ion is wes t , with deviations to the southwest in the 
summer and to the northwest dur ing w inter . Over the general area that would 
be traversed by the transmiss ion l ine , the w ind speeds range from monthly 
average h ighs of 8 to 1 5  km/h ( 5  to 9 mph ) in the summer to 1 3  to 1 9  km/h ( 8  
to 1 2  mph ) in the w inter ( ER ,  Vols . 1 -3 ) . 

Hurricanes and trop ical storms occas ionally affect the area , but the area 
is  far enough inland that the destructive nature of the winds is  cons iderably 
lessened . Thunderstorm days have a frequency of 20 to 30 per year ; however ,  
severe thunderstorms with attendant ha il  or tornadoes are rare ( Baldwin 
1 974 ) .  Glaze and freez ing rainstorms in winter make travel hazardous . At 
least one ice storm can be expected each winter ( NOAA 1 980 ) . 

The few a ir -qual ity mon itors that exist in the reg ion are usually s i ted 
near major stat ionary sources of pollution and , therefore , do not represent 
the rural setting found along the proposed transmission l ine cor r idor . 
Amb ient a ir-qual ity data for 1 983 ( U . S .  Env ironmental Protect ion Agency 1 984 ) 
ind icate that the pol lutant levels of suspended particulates , sulfur d iox ide , 
and n itrogen d iox ide are well below standards in the urban areas of 
Massachusetts and New Hampshire , and are undoubtedly even lower in the rural 
areas . Carbon monox ide and hydrocarbon levels are probably well below 
standards in the rural areas also . However , elevated levels of ozone are 
frequent in the urban areas of New England ( U . S .  Env ironmental Protection 
Agency 1 984 ) . High levels may also occur in the rural areas along the 
proposed transmiss ion l ine dur ing summer due to pol lutan t transport  into the 
region coupled w i th cl imatic cond it ions that promote ozone product ion ( ER ,  
Vols . 2 and 3 ) . 
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3 . 2  LAND FEATURES AND USE 

3 . 2 .  1 Geology and Topography 
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The proposed route lies within the New England physiographic province, a 
northward continuation of the P iedmon t ,  Blue Ridge, and Valley provinces. 
This area is differentiated from the more southerly portion of the Appalachian 
range ( ER, Vols. 2 and 3 ) , in major part due to the pronounced effects of 
glaciation . 

The geomorphology of the area is partially influenced by the underlying 
crystalline bedroc k .  The gran ites and metamorphic rocks form a plateaulike 
surface . In general , these rocks have been compressed to some degree, up­
lifted, and eroded to their present character ( Fenneman 1938) . The geo­
morphology also has been influenced by intense glaciation ; dominating much of 
the surface geology are such glacial features as moraines, druml ins , kames , 
and eskers ( E R ,  Vols. 2 and 3 ) .  

The New England physiographi c  province is d i v ided into five distinct sec­
tions (Hunt 1 16 7 ) . Three of these are included within the study area--the 
White Mountain section in the northern portion of the study area, the New 
England Upland section in the central portion of the study area, and the 
Seaboard Lowland section i n  the southern portion of the study area ( ER, 
Vol . 2--p. 73 ) .  

In general , topographic relief and land elevations decrease from north to 
south . Dominant land forms of the northern part of the study area are an 
upland plateau and the adjoining White Mounta ins ; the latter is an extensive 
mountain mass w i th average elevations of about 580 m ( 1 , 900 ft) above mean sea 
level (MSL ) .  Several lower mountain ranges extend north-south across the 
plateau . Central and southern portions of the study area are located within 
an upraised and eroded penepl a i n .  Residual h i l ls and low mountains 
( monadnocks) are relatively abundant in the upland or northern portion of the 
peneplain and occur with decreasing frequency in a southerly direction. The 
uplands of the peneplain are strongly dissected, typically by steep-sided, 
narrow valleys. Compared with topographic relief of the upland penepl a i n ,  
land forms o f  the southernmost part o f  the study area are lower and 
smoother. Surface elevations typically range from 75 m ( 250 ft ) to 150 m 
(500 ft) MSL. 

The area along the proposed route and the proposed substation sites are 
within Seismic Zone 2 ( Corps of Engineers 1 983 ) .  This designation means that 
the region has l ight to moderate earthquake potential ( E R ,  Vol .  2--p. 74 ) .  No 
structural damage would be expected from an earthquake in a Seismic Zone 2 .  

3 . 2  . 2  Soils 

The soil cond i t ions of New England reflect the strong influence of recent 
glacial events. Some of the origins of the soils are glacial t i l l ,  glacio­
fluvial deposits, and glaciolacustrine deposits (Soil Conservation Service 
1965) . Soil resources relevant to the proposed project are those within a 
study area defined as a 16-km ( 1 0-m i )  wide corridor centered on the proposed 
transmission line ( F igure 2 . 1 ) .  Soil resources within this study area range 
in thickness from nonexistent ( exposed bedrock) to very deep alluvial depos its 
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In  some cases , s tream terraces can be seen in the r iver 

The slopes of the soil surfaces range from flat to more than 25% in 
l imi ted areas . Because of the exist ing vegetat ion cover along and w i thin the 
estab l i shed r ight-of-way , the amount of soil eros ion is relat ively minor . 
However ,  sand and gravel extract ion activ it ies have resul ted in accelerated 
eros ion rates in several spots along the route . 

The proposed DC and AC transmiss ion l ine routes would traverse a total of 
about 27 km ( 1 7 mi ) of pr ime and important ( statew ide bas is )  farmland in 
Massachusetts ( ER ,  Vol . 2--Table I I I -28 ) . This d i s tance represents about 26% 
of the total 1 03 km ( 64 mi ) of proposed transm iss ion l ine route in the 
state . In  New Hampsh ire , the proposed 1 95-km ( 1 2 1 -mi ) DC transmiss ion l ine 
route would traverse a total of about 8 km ( 5 mi ) of p r ime and important 
farmlands ,  about 4% of the New Hampshire route ( ER ,  Vol . 3--Table I I I -30 ) . 
Thus a cumulat ive total of 35 km ( 22 mi ) of pr ime and important farmlands 
would be traversed by the proposed routes within the two states . 

Some soi ls of the 9 -ha ( 23-acre ) converter terminal s i te also have been 
identi fied as pr ime farmlands , but the s ite is  character i zed by rock outcrops 
and large boulders and thus may not be well  sui ted for farming ( ER ,  Vol . 1 ,  
Sec . I V  . C . 1 . b ) . 

3 . 2 . 3  Agr iculture 

Land use for agr icul tural purposes in Massachusetts and New Hampshire has 
decreased markedly dur ing the last few decades . For example , in Massachusetts 
the proport ion of land categor ized as " land in farms" decreased from 33 . 0% in 
1 950 , to 1 7 . 9% in 1 9 64 , and to 1 2 . 2% in 1 982 ( Bureau of the Census 1 984a ) ; in 
New Hampshire the corresponding per centage decreases were 29 . 7% ,  1 5 .  7% , and 
8 . 2% ,  respectively ( Bureau of Census 1 984b ) . 

As shown in Table A . 1 of Append ix  A ,  the proport ion of land in farms in 
the count ies traversed by the proposed transmiss ion l ine is  relat ively low , 
rang ing from 1 3 . 8% for Worcester County to 5 . 2% for Norfolk County . However , 
data presented by the Appl ican t ( ER ,  Vol . 2--Table I I I - 1 9 ,  Vol . 3-­
Table I I I  - 1 8 ) indica te that agricul ture ranks second only to forestry as a 
major land use in the project study area . The proport ions of land in farms in 
these count ies in 1 982 were essent ially unchanged from comparable 1 978 data . 
The percentages of land in farms for 1 982 decreased from those for 1 978 , with 
the ex ception of Worcester and Grafton count ies , but all changes were less 
than 1 %  of the land in the respective count ies . On the other hand , the 
average s ize of farms in all coun t ies decreased dur ing 1 978- 1 982 , and in some 
cases changes were substantial . For the most par t ,  the effects of decreased 
farm s ize were essent ially offset by corresponding increases in the number of 
farms . ( Bureau of the Census 1 984a , 1 984b ) . 

Among the Massachusetts count ies along the proposed route , sales from 
l ivestock product ion and da iry operat ions were major sources of agr i cultural 
income in Worcester County in 1 9 82 ,  wh ile sales from crop product ion , 
especially nursery and greenhouse products , were pr incipal sources of income 
for farms in Middlesex and Norfolk counties . For the New Hampshire count ies 
along the proposed route , sales from da iry operations consti tuted the 
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predominant agr icul tural income in Grafton and Merr imack coun t ies ; dairy 
products , fruits , nuts , and berr ies were the pr incipal sources o f  income from 
Hillsborough County farms ; and sa les of agricul tural products from Rock ingham 
County farms der ived primarily from dairy and poul try operat ions , 
( Table A .  1 ) .  

3 . 2 . 4  Forestry 

As of 1 977 , about 59% [ 1 . 2 mill ion ha ( 3  mill ion acres ) ] of the land area 
in Massachusetts cons is ted of forest land . Of this , about 95% ( 1 . 1  mill ion ha 
[ 2 . 8  mill ion acres ] )  was classi fied as commerc ial t imberland ( Forest Service 
1 978 ) . I n  New Hampshire , about 87% of the land in the state , or 2 mill ion ha 
( 5  mill ion acres ) ,  cons i sted of forest land , and about 94% o f  the total 
forested area was class i fied as commerc ial timber land . 

The predominance of forest land use in count ies traversed by the proposed 
transmiss ion l ine is  il lustrated in Table A . 2  of Append i x  A .  Forest land use 
in New Hampshire count ies substantially exceeds that for mos t  Massachusetts 
counties . The proport ion of total forest area for New Hampsh ire count ies 
ranges from about 75% in Rockingham County to about 90% in Grafton Coun ty . 
For Massachusetts count ies , the proportion of forest lands ranges from about 
44% in Middlesex County to about 69% in Worcester County ( Table A . 2 ) . For the 
most part ,  the lower percentages of forest land in Middlesex County are 
attr ibutable to the intens i ve residential , commerc ial , and indus tr ial land use 
in the Boston area . Thi s  is  supported by forest land data presented by the 
Applicant ( ER ,  Vol . 2--Table I I I - 1 9 ) that are based on a pro j ect  s tudy area 
composed of only those towns within  a g iven county that are traversed by the 
proposed l ine . 

The data presented in Table A .  2 reveal that about 90% or more o f  the 
forest land in each county traversed by the proposed route cons ists of 
commerc ial t imberland and that mos t  forest lands are in private ownersh ips . 

The d istr ibut ion of forest types within  counties traversed by the 
proposed transmission l ine is presented in Table A . 3  of Append i x  A .  In  
general , the trends in occurrence of the forest types correspond w i th 
ecosystems as del ineated by the U . S .  Fish and Wildl i fe Service ( 1 979 ) ; i . e . , 
forest s tands of New Hampshire counties correspond with the Northern 
Hardwoods -Spruce fores t ,  wh ile forest types in Massachusetts counties 
represent transition to the Appalachian Oak forest . 

3 . 2 . 5 Min ing 

Cumulative data from long-term inventories ind icate that only minor 
quanti ties of the major  metals ( gold , s i lver , lead , z inc , and i ron ) have been 
extracted in Massachusetts and New Hampsh ire ( Geolog ical Survey 1 970 ) . The 
major materials extracted in the two s tates are essent ially nonmeta l l i c  and 
are of relative minor economic s ignificance . The 1 984 product ion of minerals 
in New Hampshire der i ved pr imar ily from sand and gravel mater ials , followed by 
more l imi ted extraction of stone products ( F . E .  Compton Co . 1 984 ) . As 
observed dur ing Staff reconna issance of the New Hampsh ire project area 
( F igure 2 . 1 ) ,  sand and gravel mater ials are general ly poor ly sorted , 
extract ion is not extens ive , and use appears oriented to local needs . 
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Exploi tation of mineral resources in the project area occurs only as scattered 
sand and g ravel p its and gran i t e  quarr ies ( ER ,  Vol . 3--p . 6 1 ) .  

The value of mineral produc tion in Massachusetts is  more subs tan t ial than 
in New Hampshire ( F . E .  Compton Co . 1 984 ) . Mineral resources of economic value 
within Massachusetts count ies wholly or partially traversed by the proposed 
transmiss ion l ines ( F igures 2 . 2  through 2 . 4 )  occupy a total of about 4 , 828 ha 
( 1 1 , 930 acres ) . About 97% of th is total area cons ists of sand and gravel 
depos i ts ( ER ,  Vol . 2--Table I I I -3 ) . Of the total surface area of economic 
mineral depos its ( 1 , 695 ha [ 4 , 1 90 acres ] )  in Middlesex County , on ly 7%  occurs 
within towns traversed by the proposed transmiss ion l ine and involves only 
sand and gravel depos i ts . About 395 ha ( 980 acres ) of sand and gravel 
depos its  and 1 5  ha ( 35 acres ) of other mineral deposits  occur in towns of 
Worcester County traversed by the proposed l ine . Only 48 ha ( 1 20 acres ) of 
economic sand and gravel deposits occur in the town of Medway in Norfolk 
County ( ER ,  Vol . 2--p . 79 ) . 

3 . 2 . 6  Natural and Recreat ional Areas 

3 . 2 . 6 . 1 New Hampshire 

The study area for the inventory of natural and recreational s i tes in 
New Hampshire cons isted of a 6 .  4-km ( 4-mi ) wide corr idor centered on the 
proposed transmiss ion l ine route . Des ignated natural areas inc lude the Whi te 
Mountain Nat ional Forest , which is  traversed by the proposed route for about 
1 5  km ( 9  mi ) in the towns of Benton , Warren , and Wentworth ( F igure 2 . 2 ) . An 
add i tional 35 natural areas are located par tially or wholly w i th in the study 
area cor r idor , of which 1 9  areas are state ( 1 6 ) , town ( 2 ) , and private 
( 1 )  forests ranging in s ize from 1 0  ha ( 25 acres ) to 400 ha ( 1 , 000 acres ) 
( Freeman 1 98 1 ) .  Ament the larger des ignated natural areas ad jacent to the 
proposed route are the Hopkinton-Everett and Blackwater reservo irs in the town 
of Hopkinton and Webster , respectively ( Figure 2 . 3 ) . Other des ignated areas 
featuring aquatic attract ions include Musquash Swamp , Merr imack F ish Rear ing 
Stat ion , Smith Pond Bog , Contoocook River , and the Parker Natural Area 
( Freeman 1 98 1 ; New Hampshire Office of State Plann ing 1 983a ) . Other notable 
areas are the 440-ha ( 1 , 1 00-acre ) Conservat ion Commiss ion Land and the smaller 
Contoocook R iver Park w ithin the towns of Bow and Concord , respect ively 
( Figure 2 . 3 ) . 

Dedi cated recreat ional areas totally or part ially w i thin the study area 
corr idor include two state parks and seven mun ic ipal parks . The s tate parks 
are the Plummers Ledge Geolog ic S i te in the town of Wentworth and the 
Wellington Beach State Park in the towns of Bristol and Alexand r i a . Four of 
the mun icipal parks are in the town of Manchester , with one each in the towns 
of Hudson , Hebron , and Haverhill  ( F igures 2 . 2  and 2 . 3 ) . The mos t  numerous 
recreational s i tes adjacent to the proposed route are mun ic ipal and school 
fac i l i ties developed for intensive recreat ion ( Freeman 1 98 1 ) .  For example ,  
there are more than 40 athletic fields , 5 golf courses , and 2 gymnas iums 
adjacent to the proposed l ine in Hill sborough Coun ty , primar i ly in the towns 
of Goffstown , Manche�ter , and Bedford ( F igure 2 . 3 ) . Other comparable 
recreational opportun it ies or facil i t ies within  the study area corr idor 
include water sport act i v i t ies ( 1 6 s i tes ) , athletic  fields ( 1 6 s i tes ) , 
campgrounds ( 23 s i tes ) , w inter sport act ivit ies ( 4  s i tes ) , a roadside  park , as 
well as pub l i c  hunt ing ( 2 )  and fish ing ( 4 )  areas . 
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The proposed route intersects several designated r i ver and overland 
recreational routes . Segments of the Baker , South Branch Baker , and 
Contoocook Rivers intersecting the proposed route are included in the federal 
inventory of nationwide r ivers w i th recreat ional potential ( Nat ional Park 
Service 1 982 ) . The Baker and Contoocook are des ignated state recreat ion 
r ivers , and South Branch Baker is a state scen ic r iver route ( New Hampshire 
Office of Comprehens ive Plann ing 1 977a ) . Add i t ionally , intersected segments 
of the Ammonoosuc and Smith R ivers are s tate recreat ion corr idors . Several 
highways intersect ing the proposed route include State Route ( SR )  1 35 and 
U . S .  302/SR 1 0 ,  wh ich are des ignated scen ic h ighway/bike routes . Intersec ted 
scenic highways include SRs 1 1 ,  1 3 ,  25 , 1 03 ,  and 1 1 2 and U . S .  4 ;  SRs 1 0 1 , 1 02 ,  
1 1 1 ,  and 1 1 4 are designated b i ke routes ( New Hampshire Office of Comprehens ive 
Plann ing 1 977b ; ER , Vol . 3--Table I I I -25 ) . The proposed route intersects the 
Appalachian Tra il  in the town of Warren ( F igure 2 . 2 ) . 

Addi t ional informat ion concern ing 
proposed New Hampshire project area 
Sec . I I  I .  C .  1 2 )  . 

3 . 2 . 6 . 2 Massachusetts 

recreat ional 
is presented 

resources w i th in the 
in the ER ( Vol . 3--

S ites included in the Massachusetts s tatewide inventory of recreational 
resources are class ified in four major categor ies-- intens i ve recreat ion areas , 
general recreation areas , natural ( conservation ) areas , and h istor ical/  
cul tural areas ( Massachusetts Office of Plann ing 1 978 ) . The 
historical/cul tural areas loca ted in Massachusetts towns traversed by the 
proposed transmiss ion l ine route ( the proj ect study area ) are d iscussed in 
Sect ion 3 . 7 .  

The natural and general recreat ion areas vary cons iderably in s ize , but 
include the larger of the recreation areas in the state . General recreat ion 
areas are more highly developed and afford a wider range of recreat ion 
opportun i ties . Of the large recreat ion areas immed iate to the proposed route , 
the 1 , 075 -ha ( 2 , 660-acre ) Upton State Forest provides for a var iety of 
d ispersed and tra il -related recreation act i v i t i es ( Massachusetts D i vis ion of 
Forestry and Parks undated ) .  A small port ion of this s tate forest , as well as 
a small par t  of the Wachusett Reservo i r , would be traversed by the proposed 
route ( F igure 2 . 4 ) . Reservoir  shorel ines prov ide opportun i t ies for pass ive 
recreat ion act i v i t ies , and the general area is  a major scen i c  attraction ( ER ,  
Vol . 2--Sec . I I I . C . 1 2 ) . 

Located in the town of Worcester ( F igure 2 . 4 ) , the Qu ins igamond State 
Park  is outs ide of the project study area but is located w i th in 2 km ( 1 . 2 mi ) 
of the proposed route . The par k  affords opportun ities for swimming , boat ing , 
sai l ing , fishing , tennis , and p i cn i ck ing ( Rand McNally & Company 1 985 ) . All  
or portions of seven add it ional s tate · parks and forests occur w i th in 8 km 
( 5  mi ) of the proposed route . 

The conservation areas w i th in the project s tudy area are var iable in s ize 
and are pr ima r ily administered by local town governments . These areas tend to 
be largely undeveloped with l imited opportun i t ies for recreat ional use . The 
Appl icant has ident i fied seven such s ites ( ER ,  Vol . 2--Table I I I -25 ) --the 
Floyd and Bates Conservation Areas , the Whorton Plantat ion , and the Pr iest 
Memor ial Area in the town of Groton ; the Hol l ingsworth Conservation Area and a 
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town forest in the town of Ayer ; and the Lancas ter -Cook Conservation Area in 
the town of Lancaster . 

Intens ive recreat ional areas are s i tes involving high levels of 
recreat ional act i v i ty with developed fac i l i t ies for one or more spec ific 
recreational uses , such as athletic fields , tenn is courts , sw imming pools , and 
publ ic school playgrounds .  Such s i tes are scat tered throughout the project 
study area , pr imarily in associat ion w i th urban areas ( ER ,  Vol . 2-­
F igures II  I -6 . 1 through I I I -6 . 1 2 )  . Other publ i ely admin is tered recreat ional 
sites in the proj ect study area include Sargison and Spectacle Pond beaches , 
Shalan Park , and Pratt Pond ; located in the towns of Groton , Lancaster , 
Sterl ing , and Upton , respect ively ( ER ,  Vol . 2--Table I I I -25 ) . 

The Applican t has identi fied several pr i vate recreational s i tes in  the 
proj ect study area ( ER ,  Vol . 2--Table I I I - 1 5 ) . Seven s ites are used by 
var ious youth organ izat ions . Other s i tes in clude areas used by sportsman 
clubs ( 4 ) , a hang gl ide-ski slope area , and a pr i vate beach area . 

The proposed route intersects several des ignated r i ver and overland 
recreat ion routes . Intersected segments of the Merr imack and North Nashua 
Rivers are des ignated as urban recreat ion r ivers ; the intersected segment of 
the Nashua River is  a local scenic  river ( ER ,  Vol . 2--Tabl e  I I I - 1 5 ) . A 
segment of the Nashua River from below Pepperell to the Ayer State Game Farm 
is included in the Federal Nationw ide Rivers Inventory ( Nat ional Park Service 
1 982 ) . The federal ly inven tor ied segment is immed iately downs tream from where 
the proposed route intersects the Nashua River . Overland recreat ion corr idors 
that intersect the proposed transmission l ine route include three s tate routes 
( SR 1 1 3 ,  1 1 9 ,  and 62 ) that are des ignated as scen ic highway s on s tandard 
Massachusetts h ighway maps . 

Add it ional deta ils relat ive to recreat ional resources of the 
Massachusetts project area are avai lable in the ER ( Vol . 2--Sec . I I I  C 1 2 ) . 

3 . 2 . 7  Resident ial , Commerc ial , and Industr ial 

The New Hampsh ire study area for land use data presented by the Appl icant 
( ER ,  Vol . 3--Table I I I - 1 8 )  cons ists of the New Hampshire towns traversed by 
the proposed route ( F igures 2 . 2  and 2 . 3 ) . About 5 . 6% of the study area was 
reported as "developed" land in 1 978 . The developed land included areas used 
for res ident ial , commerc ial , industrial , recreat ional , and other minor land 
use categor ies . I t  is  expected , however , that the area of developed land has 
increased s ince complet ion of the survey cited by the Appl icant . For example , 
results of a 1 980 survey ind icate that the number of hous ing un its in New 
Hampshire counties traversed by the proposed transmiss ion l ine route increased 
by percentages rang ing from 35 . 5% to 43 . 3% during the 1 970- 1 980 per iod ( Bureau 
of the Census 1 983 ) . 

Recent est imates of land areas used for res idential purposes w i thin towns 
of the New Hampsh ire project study area are not read ily ava i l able . However , 
the density of hous ing un i ts ( number per un i t  area ) provides some ins ight into 
res ident ial land use . Based on 1 980 data ( ER ,  Vol . 3--Tables I I I - 1 4 , I I I - 1 6 ) , 
the average hous ing un it  den s i ty in towns of the study are! in Grafton County 
ranges from less than 1 to 1 2 . 4  un its/krn2 ( 2 . 6  to 32 . 1 /mi ) ,  thus reflect ing 
the rural character of the county . The greatest concen trat ion of res ident ial 
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land use in the New Hampshire study area is  in the town of Concord in 
Merr ima�k County , w ith an ave rage hous ing un it  den s i ty of 73 un i ts/krn2 

( 1 89/mi ) . Den s i t ies for other Merrimack towns are cons iderably lower . The 
average housing un i t  dens i t ies for all H i llsborough towns w i thin the project 
study area are comparatively high , rang ing from 32 to 58 un i ts/krn2 ( 83 to 
1 4 9/mi2 ) .  In  general , res idential land use tends to increase w i th distance 
from the northern to the southern part of the New Hampsh ire study area 
( F igures 2 . 2  arid 2 . 3 ) . 

Employment data provide some ins ight to the concentrat ions of commercial 
and indust r ial land use in the area ( ER ,  Vol . 3--Table I I I - 1 7 ) . Accord ingly , 
country-wide employment for industr ial and commercial act i v i ties ind icate that 
land area used for indus tr ial and commerc ial purposes is greatest for 
H i l lsborough Coun ty and leas t for Grafton Coun ty . Commerc ial and indus tr ial 
land use in Merr imack and Rockingham counties is intermed iate between that for 
the aforement ioned count ies . In  general , patterns of commerc ial and 
industr ial land use tend to correlate with patterns of residen t ial land use . 

In Massachusetts , the project study area also cons ists of towns traversed 
by the proposed transmiss ion l ine ( F igures 2 . 3  and 2 . 4 ) . Based on the 
Appl i cant ' s  data ( ER ,  Vol . 2--Table I I I - 1 9 ) , res ident ial land use represents 
9 .  7% of the total lands in the Massachuse tts study area . However , the 
Appl i cant ' s  data represent land use before 1 97 1  and do not reflect more recent 
changes . For example ,  total hous ing un its in Middlesex , Norfol k ,  and 
Worcester count ies increased during the 1 9 70- 1 980 per iod by 1 4 . 3% ,  1 7 . 5% ,  and 
1 7 . 5% ,  respectively ( Bureau of the Census 1 983 ) . 

Compared w ith New Hampshire towns , the overal l res iden tial land use is 
substantially greater for Massachusetts towns in the project s tudy area 
( F igures 2 . 3  and 2 . 4 ) . The only comparatively rural town in the Massachusetts 
study area i s  Duns table , with an average hous ing un it  den s i ty of 
1 1 . 0 un its/krn2 ( 28 . 5/mi2 ) .  The average hous ing un i t  den s i t ies in 
Massachusetts towns of Lancaster , Sterl ing , B�lston , Sut ton , and Upton range 
from 22 . 5  to 29 . 4  un its/krn2 ( 58 . 3  to 76 . 1 /mi  ) ; wh ile average dens it ies fo� 
all ot2er towns of the Massachusetts s tudy area exceed 45 un i ts/krn 
( 1 1 6 /mi ) . The major concentrat ions of res idential land use occur in the 
towns of Medway , Ayer , Millbury , Shrewsbury , and Milford , w i th average hous ing 
un i t  densi t ies ranging from 87 to 2 1 5  un its / krn2 ( 224 . 5  to 556 . 9/mi 2 ) .  

Almost half the manufactur ing in the Massachusetts s tudy area occurs in 
the towns of Wes t  Boylston , Shrewsbury , Grafton , and Mil lbury ( ER ,  Vol . 2-­
p .  1 28 ) . High levels of both industrial and commercial act i v i t ies occur in 
the town of Milford , and h igh levels of commercial act i v i t ies in the towns of 
Ayer and Sh ir ley serve to accommodate demands of the Fort Devens commun i ty .  
Medway is primar i ly a res ident ial town within commut ing d is tance of the Boston 
area . Commerc ial land use is  oriented to prov id ing for local needs . 

3 . 2 . 8  Mil itary 

No major mil i tary installat ions occur on or near the proposed route in 
New Hampsh ire ; however , the nor thern port ions of the proposed route as far 
south as Hebron , New Hampshire , are within e i ther the Yankee One or Yankee Two 
Mi li tary Operat ions Areas ( Nat ional Ocean ic and Atmospher i c  Administrat ion 
1 985a , 1 985b ) . In northeastern Massachusetts , only Fort Devens is in the 
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project study area . The proposed route is ad jacent to Fort Devens in the 
towns of Ayer and Sh i rley ( ER ,  Vol . 2--Figure I I I -6 . 3 ) . 

3 . 2 . 9  Transportat ion , Transmiss ion , and Commun icat ion Systems 

3 . 2 . 9 . 1 Transportat ion Sys tems 

H ighway and Roads 

The northern port ion of the proposed transmiss ion corr idor ( F igure 2 . 2 )  
traverses predominantly rural area in Grafton County , New Hampshire , and the 
highway network w ithin the coun ty is generally less developed than in more 
southerly count ies of New Hampshire , where land use is more intens ive ( DeLorme 
Publ ish ing Company 1 985 ) . The proposed corr idor intersects a s ingle federal 
highway in Grafton Coun ty , U . S .  302 in the town of Bath . State routes ( SR )  in 
Grafton County that are intersected by the proposed corr idor include 1 35 ,  25 , 
25c , 25a , 1 1 8 ,  and 1 04 .  About 26 local roads ( including streets , pe rmanent 
trails , etc . ) w ithin the coun ty also intersect the proposed corridor . In 
Me rr imack Coun ty , the proposed corr idor intersects U . S .  I -89 , U . S .  202 ( both 
in the town of Hopkinton ) ,  U . S .  4 ( in the town of Sal isbury ) ,  SRs 1 1  ( two 
places ) and 1 3 ,  and 32 local roads . The highways of Hillsborough Coun ty that 
intersect w ith the proposed corr idor are U . S .  3 and the Everett Turnpike in 
Me rr imack ; SRs 1 1 4 ( two intersects ) ,  1 0 1 , 3A ( two intersects ) ,  and 1 1 1 ;  and 26 
minor roads . In  Rock ingham County , the proposed corr idor intersects SR 1 02 
and three local roads . 

The princ ipal h ighways in Massachusetts that are intersected by the pro­
posed transmiss ion l ine corr idor tend to promote e i ther d i rect access to down­
town Boston or to channel traff ic around the immediate Boston area . The 
pr incipal highways in Middlesex Coun ty intersec ted by the proposed corr idor 
include U . S .  3 and SR 3A in the town of Tyngsborough . Other intersects in 
Middlesex County include SRs 1 1 9 /225 , 1 1 1 ,  and 2A , and about 22 local roads . 
The highway network in Worces ter Coun ty is particularly we ll  developed s ince 
the county surrounds much of the Boston area . Major highways and towns in 
which intersections occur are U . S .  I - 1 90 ,  SR 1 1 7 ,  the Un ion turnpike , and the 
Lunenburg turnpike in Lancas ter ; U . S .  I - 1 90 and SR 62 in Sterl ing ; SR 1 70 ,  
SR 1 1 0 ,  and S R  1 40 in Wes t Boylston ; U . S .  I -290 , SR 9 ,  and SR 20 in 
Shrewsbury ; U . S .  I -90 in Mil lbury ; SR 1 22 and SR 1 40 in Grafton ; and 
U . S .  I -495 , SR 85 , and SR 1 6  in Milford . The proposed corr idor also 
in tersects about 35 local roads in Worcester County . In Norfolk Coun ty the 
proposed corr idor extends only into the town of Medway and intersects SR 1 09 
and two local roads . 

Ra ilroads 

The proposed transmiss ion l ine route intersects four ra il road l ines in 
New Hampshire ( DeLorme Publ ishing Company 1 985 ) ; all intersections involve 
fre ight lines of the Boston and Ma ine Corporat ion , a subs id iary of Guilford 
Transportat ion Industr ies , Inc . ( Nat ional Ra i lway Publ ication Company 1 985 ) . 
The intersection s occur near Bath , Andover , and Goffstown and in Merr imack , 
New Hampshire . The ra ilway through Andover is scheduled for abandonment ( ER ,  
Vol . 3--p . 1 47 ) . 
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The Boston and Ma ine Corporat ion also operates ra ilroad l ines in 
Massachusetts that in tersect the proposed transmiss ion l ine ( Nat ional Rai lway 
Publ icat ion Company 1 985 ) ; these are freight l ines in the towns of 
Tyngsborough ( 1 ) ,  Ayer ( 2 ) , and Sterl ing ( 1 )  ( ER ,  Vol . 3--F igures I I I -6 . 1 ,  
I I I -6 . 3 ,  and I I I -6 . 7 ) . The Boston and Maine /Massachusetts Bay Trans it 
Author i ty operates a freight/passenger service l ine that intersects the 
proposed l ine near Shi rley , Massachusetts . Conra il l ines intersect ing the 
proposed transmiss ion l ine route include one fre ight l ine in each of the towns 
of Sterl ing and Mi lford . Also , Conra i l / AMTRACK fac i l i t i es include 
fre ight /passenger service intersect ing the proposed l ine in the town of 
Grafton . Two add i t ional fre ight l ines intersect the proposed l ine in Grafton , 
one operated by the Prov idence and Wo rcester Rail road Company and the other by 
the Grafton and Upton Railroad Company . 

Airports 

Seven airpo rts are located at or within 8 km (5 mi ) of the New Hampsh ire 
port ion of the proposed transmiss ion l ine route ( Nat ional Ocean ic and 
Atmospheri c  Admini strat ion 1 985a , 1 985b ) . Included are Lee A i rport ( a  pr i vate 
fac i l i ty near Goffstown ) and s i x  publ ic airports : Dean Memor ial A i rport near 
Haverh ill , Newfound Valley Airport  near Bristol , Plymouth A i rport  near 
Plymouth , Country Club Airport and Skypark Campground Ai rport near Goffstown , 
and Manchester/Gren ier Indus tr ial A i rport at Manchester . The last ment ioned 
is a comparat ively large a irport , the only one of the seven w i th a control 
tower . 

The study area for the inventory of Massachusetts airport fac i l i t ies 
adjacent to the proposed transmiss ion l ine route cons isted of a corr idor with 
boundar ies at 8 km ( 5  mi ) on e ither s ide of the proposed route . The a i rports 
neares t the proposed transmiss ion l ine route include private fac i l it ies at the 
Larson Seaplane Base on the Mer r imack Ri ver adjacen t to the Massachusetts 
state l ine , the a i rport at the Moore Army Air Force Base at Fort Devens ( which 
includes a control tower ) ,  and two publ ic a i rports--the Shi rley A i rport 
immed iate to Fort Devens , and the Sterl ing Ai rport near Oakdale ( Nat ional 
Ocean ic and Atmospher ic  Administration 1 985b ) . Add i t ional a i rports wholly or 
partially within the s tudy area include private fac i l i t ies at the Sports 
Cen ter A i rport near Pepperell and the Wal ters Airport south of Mil lbury , as 
well  as public  fac i l i t ies , includ ing the Groton Ai rport southeas t of 
Pepperell , the F i tchfield Airport at F i tchfield , the Hopedale/Draper Ai rport 
near Milford , and Norfolk Airport near Medway . 

3 . 2 . 9 . 2  Transmiss ion Systems 

Major l inks in the electr ic power grid of New Hampshire include two 
345-kV AC transmiss ion l ines that traverse the southern part of the s tate in 
general southwest /northeast d i rections , l ink ing transmiss ion fac i l i t ies of 
Ma ine and southern New Hampsh ire with fac i l i t ies in  Vermon t and Massachusetts 
( ER ,  Vol . 3--p . 1 5 1 ) .  The principal north/south transmiss ion corr idor in the 
New Hampshire po rt ion of the proj ect study area includes two 230-kV AC 
transm ission l ines that ex tend from the Comerford substat ion near the 
Comerford Dam to the Sandy Pond Junct ion in southern New Hampsh i re , and from 
there to the Tewksbury substation in Massachusetts . The proposed DC 
transmiss ion l ine paral lels the e x i s t ing 230-kV l ines in a common corr idor 
from the Comerford substat ion to the Sandy Pond Junct ion and then extends 
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southerly and westerly w i th in another establ ished transmiss ion l ine corr idor 
that in tersects the s tate boundary adjacent to the Merr imack R iver . The 
proposed route intersects only a s ingle transmiss ion l ine in the town of 
Monroe , but the power grid  in southern New Hampshire is relat ively well 
developed , reflect ing the more intens ive land-use patterns ( National Ocean ic 
and Atmospher ic Admin istra t ion 1 985a , 1 985b ) . Ex i s ting 1 1 5 -kV l ines intersect 
and/or parallel the proposed route in in the towns of Andover , Dunbarton , 
Goffstown ( 4  intersect ions ) ,  Merr imack , Londonderry ( 2  intersect ions ) ,  and 
Hudson ( 3  intersections ) ( ER ,  Vol . 3--F igure I I I -3 ;  Nat ional Ocean ic  and 
Atmospher ic Administration 1 985b ) . 

Wi thin the Massachusetts port ion of the pro j ect area ( F igures 2 . 3  and 
2 . 4 ) , the proposed DC and AC transmiss ion l ine routes traverse establ i shed 
transmiss ion l ine cor r i dors for essentially the ent i re d i s tance from the 
Massachusetts state l ine to the proj ect terminus at the West Medway 
substation . Depend ing on the location along the route , existing transmiss ion 
fac i l it ies w i thin the corr idor segments vary from one to s i x  ind iv idual l ines 
operating at voltages rang ing from 69 kV to 345 kV ( ER ,  Vol . 2--F igures I I -5 
through I I - 1 5 ) . Elect r i c  transmiss ion fac i l i t ies iden tified in the towns that 
are traversed by the proposed DC and AC routes consist of the following : 
thirty 1 1 5-kV l ines , ten 345-kV l ines , fifteen 69-kV l ines , three 230-kV 
l ines , and fi fteen ex i s t ing substat ions ( ER ,  Vol . 2 - -p . 1 52 ) . Land use maps 
presented by the Appl icant reveal paral lel transmi ss ion l ines w i thin  corr idor 
segments , as well as ex i s t ing transmiss ion l ines that intersect the proposed 
DC and AC routes . For example , mul t iple l ine inters ections occur in the towns 
of Dunstable , Groton , Ayer , Sh irley , West Boylston , and Mil lbury ( ER ,  Vol . 2-­
Figures I I I -6 . 4  and I I I -6 . 7 through I I I -6 . 9 ) . 

Other transmiss ion systems in the v i c in i ty of the proposed transmiss ion 
l ine route include p ipel ines . A segment of a Tenneco natural gas p i pe l ine in 
the New Hampshire towns of Londonderry , Windham , and Pelham generally 
parallels the proposed route ( ER ,  Vol . 3--Figure I I I -3 )  at a closest d istance 
of about 1 km ( 0 . 6  mi ) .  P ipel ine cross ings of the proposed route occur in the 
Massachusetts towns of Lancaster , Wes t  Boylston , and Upton in Worcester 
County , and in the town of Medway in Norfolk Coun ty ( ER ,  Vol . 2-­
Figures I I I -6 . 5 ,  I I I -6 . 7 ,  I I I -6 . 1 1 ,  and I I I -6 . 1 2 ) . 

3 . 2 . 9 . 3  Communicat ion Systems 

The s tudy area for identify ing air  traffic  commun ication fac i l i ties 
adjacen t to the proposed transmiss ion l ine route con s i sted of a corr idor w i th 
boundaries at 8 km ( 5  mi ) on e i ther s ide of the proposed route . Commun icat ion 
fac i l i ties w i thin the s tudy area include two VORTAC s tat ions in New Hampshire 
near Concord and Deery ( Nat ional Ocean ic and Atmospheric  Administrat ion 
1 985a ) , as well as nond i rect ional rad iobeacons near Deery in New Hampsh ire , 
and at  Fitchburg and Worcester in Massachusetts . Other nond irect ional 
radiobeacons somewhat more removed from the proposed route inc lude s tat ions in 
the vicinity of Hookse t t  and Milford in New Hampshire and a s tat ion near 
Townsend in Massachusetts . Airports near the proposed l ine that have control 
towers are the Manchester/Gren ier Industr ial Airport in New Hampshire and the 
Moore Army Air  Force Base in Massachusetts . 

The study area for identify ing obstruct ions to a i r  traff ic  consi sted of 
an 8-km ( 5-mi ) w ide corridor centered on the proposed transmiss ion l ine 
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route . These obstruct ions include communication towers for radio , televis ion , 
and microwave transmissions . Four single and two group obstruct ions occur 
within the corr idor in New Hampshire ; seven s ingle and one group obstruct ions 
occur w i th in the corr idor in Massachusetts ( National Ocean ic and Atmospheric  
Administration 1 985a , 1 985b ) . Most of the structures occur near urban areas 
in southern New Hampshire , and in the F i t chburg , Worces ter , and Milford areas 
in Massachusetts . 

3 . 3  HYDROLOGY , WATER QUAL ITY , AND WATER USE 

3 . 3 . 1 Sur face Water 

The proposed transmission l ine route success i vely traverses the water­
sheds of the Connect icut , Merr imack , Blackstone , and Charles Rivers . The l ine 
would cross more than 300 surface waterbod ies ( ER ,  Vols . 2 and 3 ) , includ ing 
the Ammonoosu c ,  Baker , Cockermouth , Fowler , Smith , Contoocook , Piscataquog , 
Nashua , and North Nashua R ivers . Runoff in these wa tersheds var ies cons ider­
ably on a seasonal bas i s , w ith the greatest flows in spr ing and the least 
flows in summer and fall . Snowrnel t and summer thunders torms can cause 
dramatic increases in streamflow . Mos t  of the tributary creeks are 
intermittent in the area of the proposed route . Selected streamflow data for 
watersheds that would be crossed by the proposed route are g i ven in Table A . 4  
of Append i x  A .  Reservoi rs that would b e  crossed by the groposed l ine range 
from an isolated pond w i th a surface area of about 74 m2 ( 800 rt2 ) to the 
1 6 . 8-krn2 ( 6 . 5-mi2 ) Wachusett Reservo ir  near Worches ter , Massachusetts ( ER ,  
Vols . 2 and 3 ) . 

The qual i ty of sur face water can vary cons iderably in response to such 
factors as streamflow , t ime of year , cl imate , types of mater ial in the stream 
channel , groundwater inflow , and land- and water-management pract ices . In 
general , per iods of low streamflow are character ized by poorer water qua l i ty 
than occurs dur ing per iods of high flow . Also , influent groundwater provid ing 
baseflow adds to the solution load ing of the stream . 

Mos t  of the surface waters w i thin the Connect icut , Merr imack , Nashua , 
Blacks tone , and Charles R i ver basins crossed by the proposed route are 
designated as Class B ,  wh ich is  the second highest qual i ty of water , and are 
used for recreational act ivi ties , fish hab itat , protect ion and propagat ion of 
other aquatic l ife and w ildl ife , and as a water supply following adequate 
treatment .  Except ions include several streams , lakes , ponds , and reservoirs 
and thei r  tr ibutar ies that are des ignated as Class A and are used as public 
water suppl ies . These are Cross Brook at its two tr ibutaries in the 
Blackwater River basin , three tr ibutar ies of Kimball Pond , a small unnamed 
pond in the Black Creek watershed , and ten streams w i th in the watershed of 
Walker Pond , currently used as the publ ic water supply by the town of Boscawen 
and the c i ty of Concord , New Hampshire . 

The Class A surface waters crossed by the proposed transmiss ion l ine in 
Massachusetts include the Wachusett Reservo ir  and 1 4  other reservo irs  and 
ponds and their  tributar ies in the Nashua River bas in , several s treams used 
for publ i c  water suppl ies in the Blackstone River bas in , and the headwaters of 
the Charles River . A reach of about 1 4  krn ( 9  mi ) of the ma instream Blackstone 
R iver , from its source to the outlet of Fisherville Pond , and lower reaches of 
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the Charles R iver are des ignated as Class C--the third highest qua l i ty of 
water , and are used for secondary-contact recreat ion only ( ER ,  Vols . 2 and 3 ) . 

Several major surface waters within the count ies through wh ich the 
proposed route would pass ( F igures 2 . 2  through 2 . 4 )  are used for publ ic water 
suppl ies . In New Hampsh ire , these include the Wild Ammonoosuc Ri ver ( serv ing 
Woodsville and Bath ) , Wal ker Pond ( serv ing Boscawen and a port ion of Concord ) ,  
Bradley Lake ( serving Andover ) ,  Penacook Lake ( serving Concord and Bow ) , and 
the Goffstown Reservo ir ( serv ing Goffstown ) .  In add it ion , the Con toocook and 
Souhegan r ivers serve as aux il iary publ ic water suppl ies for the c i t ies of 
Concord and Nashua , respect ively . In Massachusetts , the Wachusett Reservoir 
and the Char les River serve as publ ic  dr inking water suppl ies for the towns of 
West Boylston and Milford , respectively . The Wachusett  Reservo ir is  also a 
source of dr inking water for the Boston metropol itan area ( ER ,  Vol . 2-­
p.  88 ) .  

3 . 3 . 2 Groundwater 

Groundwater in the general project area ( F igures 2 .  2 through 2 .  4 )  is 
available pr imar ily from bedrock aqu i fers and glac ial-d r i ft aqu ifers of 
Quaternary age . Glacial-dr ift aquifers in the area include t i l l , sur fic ial 
sand and gravel depos its , glac ial outwash depos its , and alluvial depos its . 
The abi l i ty of these depos its to y ield water depends on the permeab i l ity , 
thickness , and ex tent of the deposit  and the amoun t of water stored in and 
recharged to the aquifers . 

Water from bedrock of igneous and metamorphic or1g1n  is  generally ava i l ­
able i n  quan t i ty and qual ity su itable for s ingle-family domestic suppl ies . 
Water in bedrock occurs in secondary pore spaces , such as j o ints and frac­
tures , wh ich are commonly narrow and represent only a small percentage of 
total aquifer volume . In  the study area , nearly all  wells cons tructed in bed­
rock intercept some water-bear ing fractures ; however ,  bedrock well  y ields 
range from a fract ion of a l i ter per second ( or a fract ion of a gallon per 
minute ) in places where the fractures are small and poorly interconnected , to 
more than 6 .  3 Lis ( 1 00 gal /min ) ,  where they are numerous and well  inter­
connected , as in some fault zones . 

Sufficient amounts of water to supply s ingle-fam ily homes are available 
from the bedrock aqu ifer nearly everywhere in the Middle Connect icu t River and 
Merrimack R i ver basins . Unconsol idated aquifers of sand or sand and gravel 
that are relatively th in , narrow , and commonly capable of y ielding more than 
1 2 . 6  L/s ( 200 gal /min ) to properly located and construc ted wells are found in 
major stream val leys . A s ign ificant amount of water is stored in thick 
glacial t ill , but it i s  transmitted very slowly through the small 
intergranular spaces ( pores ) of the depo s i ts . Accord ingly , till i s  a poor 
aqui fer and normally does not y ield enough water for mun ic ipal , industr ial , or 
commercial needs ( Gay and Delaney 1 980 ; Cotton 1 975 , 1 976a , 1 976b , 1 977 ) . 

Groundwater in the middle Connecticut R iver and Merr imack R iver bas ins 
near the project area in the s tate of New Hampshi re is  generally of good 
chemical qual i ty .  Most of it  is  clear and colorless , contains no suspended 
matter and prac t ically no bacter i a ,  and is low in d issolved-sol ids concentra­
tion . Also , it is  generally soft ( 0-60 mg/ L ) to moderately hard 
( 6 1 - 1 20 mg/L ) .  In genera l , groundwater from bedrock and glac ial-dr ift 
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aquifers i s  good throughout the lower Merr imack River bas in near the s tudy 
area in the state of Massachuse tts , with d issolved sol ids less than 300 mg /L , 
and is su itable for domestic , mun icipal , irr igation , and l ivestock suppl ies . 
Reported water qual ity of these aquifers is  a calc ium b i carbonate type ( Gay 
and Delaney 1 980 ) . 

Water-supply sources for mos t  commun i t ies w i thin the project area cons ist  
of  groundwater from pr i vate suppl iers and ons i te wel ls , al though larger 
commun i t ies such as Concord , Manchester , and Nashua rely e i the r on surface­
wa ter sources or a combinat ion of surface water and groundwater to meet water­
supply demands ( ER ,  Vols . 2 and 3 ) . 

3 . 4  ECOLOGY 

The coun ties con ta ining the proposed route are w i thin two ecolog i cal 
provinces ( Ba i ley 1 976 ; Gal vin 1 979 ) . Mos t  of New Hampsh ire and the western 
portion of Mas sachusetts are w i thin the Nor thern Hardwood-Spruce Forest 
sect ion of the Lauren t ian Mi xed Forest province . The rema inder of the area is 
w i thin the Appa lachian Oak Forest sect ion of the Eastern Dec iduous Forest 
province . Much of the informat ion provided in the following overview of the 
predominant hab i tats and b iota occurr ing w i thin the area traversed by the 
route is der ived from Gal vin ( 1 979 ) , U . S .  Departmen t of Energy ( 1 984 ) ,  ER 
( Vols . 1 -3 ) , and references c i ted there in . 

3 . 4 . 1 Terrestr ial Environment 

3 . 4 . 1 . 1  Vegetat ion 

Forest hab itat predominates in the study area ( cons i s t ing in this case of 
the count ies through wh ich the proposed pro j ect would be routed ) .  Forest 
covers about 82% of the coun ties in the New Hampsh ire port ion of the s tudy 
area ( ER ,  Vol . 3 )  and about 59% of the coun t ies in the Massachusetts por t ion 
of the study area ( Peters and Bowers 1 9 77 ) . These fores ts can be grouped into 
ei ght major types ( see Table A . 5  of Append i x  A ) . The wh i te and red p ine 
forest is the most common type in the New Hampsh ire port ion of the study 
area . This type becomes less prevalent in the Massachusetts port ion , where 
oak/hickory forest becomes predominant .  This change in forest type occurs 
w i thin the area of change from the Northern Hardwood-Spruce Fores t to the 
Appalach ian Oak Fores t sect ion ( see Gal v in 1 979 ) . 

The second most common forest type in the New Hampshi re s tudy area is  the 
maple/beech/birch forest type , which is commonly known as the nor thern 
hardwood forest ( K ingsley 1 976 ) . The other major forest types in 
Massachusetts are the wh i te and red p ine forest and the elm/ash/maple 
forest .  The la tter is the most prevalent forested wetland type in the area 
( K ingsley 1 974 ) . 

A var iety of species make up the understory and shrub laye rs in the 
fores t types , and many of them are common along the edge of r ights-of-way or 
become establ ished w i thin them . Such spec ies include huckleberry , blueberry , 
arrow-wood , flower ing dogwood , raspberry , and many others ( Jorgenson 1 9 7 8 ) . 

Old field and shrubland also occur throughout the s tudy area and 
exempl i fy the habi tats found w i thin maintained r ights -of-way . These hab i tats 
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go through a success ion from annual herbaceous plan ts ( e . g . ,  crabgrass , 
ragweed ) ;  to perenn ial herbaceous plan ts ( e . g . , l i ttle bl ues tem , goldenrod , 
mil kweed ) ;  to small tree and shrub species ( e . g . , grape , buckthorn , eastern 
red cedar ) ( Jorgenson 1 978 ) . 

Complete l i s ts of the common flora in the study area are g iven in the ER 
( Vol . 2--Table I I I -8 ,  Vol . 3--Table I I I -9 ) . 

3 . 4 .  1 . 2 Wildl ife 

The w i ldl i fe commun it ies in the study-area count ies range from those 
characteristic  of heavily forested areas to those characte r i s t i c  of areas of 
urban encroachment .  A large number of spec ies are found in the study area , as 
ind icated in the ER ( Vol . 2--Table I I I -9 , Vol . 3--Table I I I - 1 0 ) . I n  the 
New Hampsh ire port ion there are 244 bird , 39 rep tile and amph ibian , and 
56 mammal spec ies ; in Massachusetts the numbers of such species are 208 , 26 , 
and 49 , respect ively . Game spec ies and furbearers in the area include white­
tailed deer , black bear , coyote , bobcat , cottontail  rabb i t , snowshoe har e ,  
opossum , raccoon , red and gray fox ,  muskrat , mink , striped skunk , weasel , 
beaver , r iver otter , and others ( Cardoza 1 979 ; ER , Vols . 1 -3 ) . 

The wh ite-tai led deer is the most impor tant game spec ies in the reg ion 
( Godin 1 977 ; Hal ls 1 980 ) . Of pr ime importance to wh i te-tai led deer is the 
availability of overwintering hab itat , or deeryards , which prov ide a source of 
forage and shelter . There are s i x  areas with the physical characterist ics of 
deeryards in the New Hampshire port ion of the study area . However , these 
areas apparently have not been surveyed to confirm use by deer . 

Gamebirds in the area include wild turkey , ruffed grouse , r ing-necked 
pheasant , northern bobwh ite ,  and more than 20 species of waterfowl . Most 
waterfowl are migrants or w inter res idents , but the mallard , wood duck , black 
duck , and Canada goose nest in the area ( Blodg et 1 983 ) . Waterfowl numbers are 
not extens ive because the study area is  w i th in a low-migratory-populat ion 
corr idor for geese and ducks ( Bellrose 1 976 ) . 

3 . 4 . 2  Aquat ic  Env ironment 

About 300 surface waters would be crossed by the proposed transmiss ion 
l ine ( Section 3 . 3 . 1 ) .  Of these , at leas t 53 are known coldwa ter or warmwater 
fisher ies ( ER ,  Vol . 2--Table I I I -33 , Vol . 3- -Table I I I -35 ) . Generally , most 
streams in New Hampshire are cons idered poten t ial trout s treams . However , 
warme r water temperatures in some streams make them unsu itable for year- round 
use by trout . 

Both warmwater and coldwater fish commun i t ies occur in the Massachusetts 
port ion of the study area . Exist ing coldwater fi sher ies are ma inta ined mostly 
by annual stocking programs ( Massachusetts D i v i s ion of Fish and Wildl ife 
1 984 ) , but there are a few except ions . For exampl e ,  natural trout spawn ing is 
reported from Wachuset t Reservo ir  ( Hall iwell 1 98 1 ) .  Ponds and lakes in the 
study area are cons idered warmwa ter fisheries , except for several at h igher 
elevat ions that are cold enough to support trout year-round . Newfound Lake , 
the largest lake in the study area , supports a two-s tory fishery that includes 
landlocked salmon , lake trout , wh itefish , smallmouth bass , pickerel , and 
yellow perch ( ER ,  Vol . 3 ) . Two tr ibutaries of the lake ( Cockermouth and 
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Fowler R ivers ) support spawn ing runs of landlocked salmon ( U . S .  Fish and 
Wildl i fe Service 1 982 ) . Good to excellent trout streams have the general 
hab i tat character is tics l is ted in Table A . 6  of Append ix  A ,  as well as 
temperatures adequate to meet the requirements for trout survival and 
reproduct ion ( Table A . 7 ) . 

The princ ipal warmwater game fish in the study area include cha in 
p ickerel , wh ite perch , var ious sunfish , largemouth and smal lmouth bass , black 
crapp ie , and yellow perch . Eas tern brook trout , rainbow trout , and brown 
trout are the princ ipal coldwater game fish . A number of other game forage 
and rough fish spec ies occur in the ponds , lakes , and streams throughout the 
study area ( ER ,  Vol . 2--Table I I I -9 ,  Vol . 3--Table I I I - 1 0 ) . 

Trout are s tocked in some of the streams that would be crossed by the 
proposed t ransmiss ion l ine ( ER ,  Vol . 2--Table I I I -33 , Vol . 3- -Table I I I -35 ) . 
Stock ing is done to supplemen t natural reproduct ion or to provide a seasonal 
coldwater fishery in s treams where natural reproduct ion does not occur . 
General ly , heavy trout fishing pressure neces s i tates cons tan t restock ing ( Eddy 
and Underhill 1 974 ) . 

Several of the r i vers in the s tudy area are , or soon w i l l  be , managed to 
al low reestabl ishmen t of anadromous spec ies , namely the Atlan t i c salmon , 
Amer ican shad , blueback herr ing , and alewife . A fishway has been constructed 
at Lowell Dam and should be operational in 1 986 . This will  al low the latter 
three spec ies to ascend to the port ion of the Merr imack River that is  in the 
study area ( ER ,  Vol . 2 ) . A number of r ivers in both the Merr imack and 
Connect icut River basins are targeted for Atlan t i c  salmon and Amer i can shad 
reestab l i shmen t programs ( ER ,  Vol . 3--pp . 94-95 ) .  

Detailed character izat ions of the benthic macro invertebrates of the 
waterbod ies in the s tudy area are not available . Since mos t  of the water­
bod ies are Class A or 8 waters ( ER ,  Vols . 2 and 3 ) , i t  is  l i kely that they 
maintain productive ben th ic commun i t ies composed of a d i verse assemblage of 
invertebrate spec ies ind�cat ive of good to pristine water-qual i ty 
cond i t ions . The few Class C waters to be crossed by the proposed transmiss ion 
l ine are probably dominated by inver tebrate spec ies tol erant of organ ic 
en richmen t or other degraded water-qual i ty cond i t ions . 

3 . 4 . 3  Wetlands 

We tlands are systems where the water table is usually at or near the 
surface or where land is covered by shal low water at least per iod ically 
( Coward in et  al . 1 979 ) . Wetlands that would be crossed by the proposed l ine 
are pr inc ipally marshes ( vegetat ion dominated by grasses , reeds , rushes , 
sedges , and other nonwoody plants ) or swamps ( vegetation dominated by bushes 
and trees ) .  Other wetland types present include bogs , pra i r ies , and ponds . 
The transmiss ion l ine corr idor would cross 98 wetlands in New Hampsh ire and 
1 1 9 wetland areas in Massachusetts . Detailed informat ion on the wetlands is 
gi ven in Append ix  B .  

3 . 4 . 4  Threatened and Endangered Species 

The Endangered Species Act of 1 973 requ i res a determinat ion of the 
presence of endangered and threatened species and/or the ir  c r i t ical hab i tats 



3- 1 7  

wi th in the vicin i ty of a proposed federal act ion . The DOE Staff has consul ted 
with , and rece ived informat ion from , the U . S .  F ish and Wildl ife Service and 
the New Hampshire F ish and Game Departmen t concern ing fede ral ly and/or state 
l isted species ( see le tters in Append ix E from G . E .  Beckett , Supervisor , 
New England Area , Ecolog ical Serv ices , U . S .  F ish and Wildl ife Service , 
February 1 3 ,  1 986 ; and from H .  P .  Nevers , Federal Aid and Endangered Spec ies 
Coord inator , New Hampshire F ish and Game Department ,  February 1 4 ,  1 986 ) . 
Similar correspondence was implemen ted by the Appl ican t with the Massachusetts 
Natural Her i tage Program relat ive to state-l isted species . A copy of the 
correspondence from these agenc ies is included in Append ix E .  The following 
sections contain informat ion on the endangered , threatened , and rare species 
that may occur w ithin the area . This informat ion is  based upon the above 
men t ioned consultations , coupled w i th pertinent reference l i terature . 

3 . 4 . 4 .  1 Vege tat ion 

No federa lly l isted endangered or threatened plant species occur w i thin 
the count ies that would be traversed by the proposed transmiss ion l ine 
( Beckett 1 986 ) . 

New Hampsh ire has not deve loped an official s tate l i st of endangered and 
threatened plants , but the New Hampshire Natural Her i tage Program , through the 
New Hampsh ire Natural Her i tage Inven tory , has developed a l ist of rare plan t 
spec ies ( New Hampshire Office of State Plann ing 1 984 ) . With in 0 . 4  km 
( 0 . 25 mi ) on e i ther s ide of the New Hampsh ire portion of the proposed trans­
miss ion l ine , 1 1  species of rare plants have been reported ( Brackley and 
Hentcy 1 985 ) . 

Forty-seven plant spec ies l is ted by the state of Massachusetts as rare 
and decl ining occur w i th in the Massachuse tts por t ion of the study area ( ER ,  
Vol . 2--Table I I I - 1 0 ) . Only one o f  these , the cl imb ing fern , i s  l i kely to be 
present near the proposed transmiss ion l ine . However ,  a field survey by the 
Massachusetts Natural Her itage Program has determined that the cl imb ing fern 
does not occur in the r ight-of-way ( ER ,  Vol . 2 ) . The rare plants and the ir  
hab i tats are l isted in Table A . 8  of  Append ix  A .  

3 . 4 . 4 . 2  Fish and Wild l i fe 

A number of federal ly l is ted and state - l i s ted threatened and endangered 
an imal spec ies may occur as trans ient ind iv iduals w i thin the counties 
conta ining the proposed route ( Beckett 1 986 ) . The spec ies , the ir  status , and 
the i r  general habi tats are l i sted in Table A . 9  of Append ix  A .  In  
Massachusetts , none of the spec ies l isted as  endangered or threatened is  
cons idered by the Massachusetts Na tural Her itage Program to  be  near the 
proposed transm iss ion route in that state ( ER ,  Vol . 2 ) . The Massachusetts 
Natural Her i tage Program also has a category l is t ing species cons ide red to be 
"of spec ial concern" . The Program has determined that of the 30 spec ies 
listed in th is category , only the southern bog lemming is l i kely to be present 
near the proposed transmiss ion l ine . I t  has been recorded from a wetland in 
Dunstable .  I ts habitat includes wet sedge meadows , sphagnum bogs , and ( l ess 
commonly ) orchards and open grasslands ( ER ,  Vol . 2 ) . 

Of the 1 9  species l ist by the state of New Hampshire as threatened or 
endangered , 1 1  ( all b i rds ) have been observed in the study area . These are 
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the bald eagle , peregr ine falcon , Cooper ' s  hawk , osprey , red-shouldered hawk , 
northern har r ier , common loon , upland sandp iper , wh ip-poo r-will , purple 
martin , and eastern blueb ird . No active nests of the first four species are 
known to occur in the s tudy area , but some ind i v i duals of the other seven 
species may nest in or near some of the count ies that would be traversed by 
the proposed l ine ( ER ,  Vol . 3 ) . 

3 . 5  SOC IOECONOMICS 

3 . 5 . 1 Insti tut ional Sett ing 

Local governmental un i ts in both New Hampshire and Massachusetts cons ist 
of counties that are fur ther subd iv ided into towns ( which are somewhat 
equ ivalen t to townsh ips in some parts of the coun try ) .  Each organ ized town 
traversed by or adjacent to the proposed right-of-way ( total of 27 in 
New Hampshire and 1 7  in Massachusetts ) is administrated by a town 
meeting/board of selectmen type of government .  The chief source of local 
revenue is property taxes ( payab le di rectly to c i t ies and towns ) ,  followed by 
revenue-shar ing ( pr imar i ly from the s tate ) ( Bureau of the Census 1 983 ) . 

3 . 5 . 2  Populat ion 

The populat ion den s i ty exh i b i ts marked variat ion along the proposed 
corridor , rang ing from low-dens ity rural to moderate-dens ity urban ( see 
Table A . 1 0 of Append i x  A ) . The lowest populat ion den s i ties occur in Grafton 
County , New Hampshire , w�ere seve2al towns ( Lyman , Ben ton , and Gro ton ) conta in 
fewer than 4 persons/ kin  ( 1 0/mi ) . ( Most towns in the county have total 
populations of less than 1 , 000 persons . )  The largest populat ion concen­
trat ions are in the towns of Shrewsbury and Milford , Massachusetts , where the 
populat ion den s i ty exceeds 385 persons / km2 ( 1 , OOO/mi 2 ) ,  and in Concord City 
and adjacent towns in New Hampshire . 

Growth trends for New Hampshire reflect s ignificant accelerat ion dur ing 
the 1 9 70- 1 980 decade , especially in rural areas . By contrast , growth rates 
for the same per iod were much less in Massachusetts , with some towns even 
report ing modest decl ines . Moderate growth is projected for the per iod 1 980-
1 990 in areas in both Massachusetts and New Hampsh ire traversed by or adjacen t 
to the proposed transmission l ine route . Pas t trends and pro j ect ions are 
presented in Table A .  1 0 .  

3 . 5 . 3  Employment and Economics 

The 1 982 labor force in coun ties traversed by the proposed r ight-of-way 
totaled 343 , 247 for New Hampsh ire and 1 , 402 , 567 for Massachusetts . Unemploy ­
ment rates for that year ranged between 6% and 7% , except fo r Wo rcester 
County , where it  reached 9 . 4% ; by 1 984 , unemployment had fallen to less than 
5 . 0% ( Bureau of the Census 1 983 ; ER , Vol . 2--p . 1 2 7 ,  Vol . 3--p . 1 1 4 ) . 

The pr imary categories of employment in the area are manufac tur ing and 
profess ional and related services . These two catego r ies respect i vely account 
for an average of 27 . 2% and 23 . 4% of employment in the area , by coun ty . The 
other major categor ies include wholesale and reta i l  trade ( 1 8 . 9% )  and 
government ( 1 5 . 9% )  ( Bureau of the Census 1 983 ) . Manufactur ing jobs are 
chiefly in mach inery , electr ical products , me tals ,  and lumber and wood 
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products ( Bureau of the Census 1 985a , 1 985b ) . Tour i sm is  an important 
industry in several of the count ies , espec ially Grafton . 

Med ian family income was $ 1 9 , 837 for the four New Hampsh ire counties and 
$23 , 322 for the three Massachuse tts counties in 1 979 . Income is lowest in the 
rural areas ; in several Grafton County towns i t  fal l s  below $ 1 4 , 000 
( New Hampshire Office of State Plann ing 1 983b ; Bureau of the Census 1 983 ) . 

3 . 5 . 4  Hous ing 

In 1 980 , there were 249 , 205 hous ing units in the New Hampshire count ies 
traversed by the proposed route and 945 , 628 in the Massachusetts counties . 
The former represents a s ign ificant increase over 1 970 , rang ing between 35 . 5% 
and 43 . 3% by county , while  modest increases ( 1 4 . 4% to 1 7 . 5% )  occurred in the 
Massachusetts count ies . Vacancy ' rates for rental un its in 1 980 var ied between 
4 . 5% and 6 . 1 % in New Hampshire , except for Grafton , w i th 1 1 .  1 % .  More moderate 
rates ( 2 . 8% to 4 . 8% )  were reported for Massachusetts ( Bureau of the Census 
1 972a , 1 9 72b , 1 982a , 1 982b ) . 

In  1 982- 1 983 there were 288 temporary lodg ing establ ishments ( chiefly 
hotels and motels ) in the New Hampsh ire count ies along the route and 203 in 
the Massachusetts counties . Figures are highest in areas where tour ist  demand 
is strong , especially in Grafton and Rock ingham count ies , New Hampshire 
( Bureau of the Census 1 985a , 1 985b ) . 

3 . 5 . 5  Transportat ion 

The transportat ion ne twork in the proposed project area is descr ibed in 
Section 3 .  2 .  9 .  1 .  The mos t  heav ily traveled roadway s in the New Hampshire 
portion of the proposed route are in the more urban southern reg ions , 
traversed by two interstate routes ( I -89 NW-SE and I -93 N-S ) . Average annual 
da ily traffic ( AADT ) volumes for these roads range as high as 1 6 , 000 and 
30 , 000 , respect i vely , for Concord . Other h igh-volume roads ( more than 
1 0 , 000 AADT for some areas ) in the southern towns include U . S .  3 ( N-S ) and 393 
( E-W ) and SRs 1 0 1 ( NE-SW ) , 1 0 1 A  ( NW-SE ) ,  1 02 ( NE-SW) , 1 1 1  ( E-W ) , 1 1 4 ( N-SE ) , 
and 1 1 4A ( NW-SE ) .  Nor th of Concord , traffic volumes decl ine substant ially , 
general ly fall ing below 3 , 500 AADT . The most heav ily used roads ( over 
2 , 000 AADT in some areas ) include U . S .  302 ( N-SW ) and SRs 3A ( N-S ) , 1 0  ( N-S ) , 
1 1  ( E-W) , and 25 ( N-SE ) ( New Hampsh ire Department of Publ ic Works and H ighways 
1 984 ; ER , Vol . 3--pp . 1 45 - 1 4 6 ,  Table I I I -20 ) . 

Traffic flows are h igh in the Massachusetts count ies , al though volume 
data are not available . The area is traversed by four interstate highways : 
I -90 ( E-W ) , I - 1 90 ( N-S ) , I -290 ( E-W ) , and I -495 ( N-S ) . Other major  roads 
include U . S .  3 ( N-SE ) and 20 ( E-W) and SRs 2 ( E-W ) , 9 ( E-W ) , 1 2  ( N-S ) , 1 1 7 
( E-W) , 1 1 9 ( NE-SW) , and 1 40 ( NE-SW) ( Massachusetts Department of Publ ic  Works 
1 982- 1 984 ; ER , Vol . 2--pp . 1 48- 1 49 , Table I I I -2 1 ) .  

3 . 5 . 6  Publ ic Concerns 

Al though few publ ic  concerns relat ive to the proposed proj ect were voi ced 
at the DOE scoping meet ings held in Concord and Boston on June 4-5 , 1 985 
( U . S .  Department of Energy 1 985 ) , concerns were expressed at a hear ing held in 
Groton , Massachusetts , on February 5 ,  1 985 ( conducted j o intly by the 
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Massachusetts Department of Public  U t i l i ti es , the Massachusetts Energy 
Fac i l i t ies S i t ing Counc il , and the Massachusetts Env i ronmental Pol icy Act Un it  
of the Executive Office of Env ironmental Affa i rs ) ,  and in written 
correspondence to DOE . The pr imary issue ra ised was potent ial adverse health 
effects ( both to humans and l ivestock ) ;  less commonly expressed concerns 
included v isual impacts , potential increases in underground p ipel ine 
corros ion , need for power , property value effects , noise , and impacts to 
wildlife .  

3 . 6  V I SUAL RESOURCES 

3 . 6 . 1 V isual Resources Study Area and Landscape Clas s i ficat ions 

A 3 . 2- km  ( 2-mi ) corr idor centered on the proposed transmiss ion l ine route 
initially was s elected for evaluation of v isual resources . This select ion was 
based on the assumpt ion that cons truct ion of the proposed transmission l ine 
within an es tabl ished r ight-of-way occupied by one or more exist ing transmis­
sion l ines would not s ign ificantly degrade viewsheds from the boundary of the 
s tudy area cor r idor . However , dur ing field surveys , boundar ies of the study 
corr idor were expanded to encompass v iewsheds from part icularly sens it ive 
areas . In other ins tances , the boundaries of the study corr idor were narrowed 
in accord w i th landscape features that would preclude observat ion of the 
proposed transmiss ion l ine . 

The App l i cant has identi fied landscapes of the study area in terms of 
three classes of v isual qual ity--Di s t inctive , Noteworthy , and Common . 
Distinct ive landscapes are areas of high visual qua l i ty ,  whereas the visual 
qual ity of Noteworthy landscapes is less , but nevertheless important . 
Landscapes character ized by typ i cally inconspi cuous features are categor ized 
as Common landscapes . The classification of a g i ven landscape i s  based on 
four landscape elements , i . e . , landform , water , vegetat ion , and cul tural or 
man-made mod if icat ions . The landscape qua l i ty matr ix  is  presen ted in 
Table A . 1 1  of Append ix  A .  

3 . 6 . 2  Route Landscape Descr iptions in New Hampsh ire 

Vis tas along the proposed transmiss ion l ine route in New Hampshire are 
predominantly D i stinct ive and No teworthy landscape types ( see Table A.  1 1 ) ,  
particularly in northern port ions of the s tudy area . The following 
descriptions of landscapes along the proposed New Hampsh i re route are adapted 
from the ER ( Vol . 8--Sec . I I I . B . 2 )  and correspond with segments of the route 
identified by the Appl ican t--Monroe to Rumney ( Segment A ) , Rumney to Goffstown 
( Segment B ) , and Goffstown to the New Hampshire/Massachusetts s tate l ine 
( Segment C ) . Towns in wh ich the segments beg in or termi nate are shown in 
F igures 2 . 2  and 2 . 3 .  Deta iled maps del ineat ing the New Hampshire s tudy area 
establ ished by the Appl icant are presented in the ER ( Vol . 8--Figures I I I -2 .  1 
through I I I -2 . 8 ) . 

Segmen t A :  From the northern terminus of the proposed l ine in the town 
of Monroe , th i s  segment ex tends south for about 60 km ( 37 mi ) to the town of 
Rumney . The terrain is  typ ical for the Wh ite Moun ta in Sect ion of the New 
England province , i . e . , roll ing hills and several low mountain ranges with 
peak eleva t ions rang ing up to 9 1 5  m ( 3 , 000 ft ) .  Some of the higher peaks 
include Jeffers , Hogsback ,  Sugarloaf , and Black mounta ins in the town of 
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Benton . Rock outcrops such as Pond Ledge and Owls Head are prominent 
landscape features in the towns of Haverh i l l  and Benton , respectively . The 
Connecticut R iver Val ley is the dominant landform of the western port ion of 
the study area in the towns of Monroe and Bath . Vegetat ion is typ ically 
Northern Hardwood-Spruce Forest , w ith stands of spruce and fir be ing 
par ticularly extens ive in northern port ions of the segment . However , 
interspers ions of coni ferous and deciduous forest stands over large areas 
create patterns of color that are part icularly attract ive dur ing the fal l .  
Water elements include scattered lakes and ponds , the relat ively large Moore 
Reservoir , and rap id-flowing drainages such as the Ammonoosuc and Wild 
Ammonoosuc r ivers . As ide from the Connect icut River Valley , cul tural 
developments are charac ter ized by scattered farmsteads and rural res idences 
w i th small commun it ies and highways located along val ley floors . In  
combination , natural and cul tural features comprise a high  proportion of  
D i stinctive and Noteworthy landscapes in th i s  segmen t .  

Segment B :  From the town of Rumney , this segmen t extends south about 
93 krn ( 58 mi ) to the town of Goffstown . The segment is transitory in that 
topograph ic  relief tends to decrease and cul tural development tends to 
increase in a southerly d irect ion . In  general , the terrain consists of 
scattered hills  and remnant mounta ins , but h i l l s  and mounta ins are more common 
to the north , wh ile  topograph ic  rel ief is less pronounced in  the southern part 
of the segment .  The vegeta t ion i s  generally s imilar to that of Segment A ,  
except that the prominence of red and whi te pine increases while spruce and 
fir  are less important components of forest stands . Water elements of this 
segment include the relat ively large Newfound Lake ; numerous scattered small 
lakes and ponds ; and the Merr imack , Con toocook ,  and P iscataquog r ivers . South 
of the town of Boscawen , the natural landscape has been fragmented by 
agricul tural and res ident ial land use . Other cul tural changes rema in 
reasonably compat ible w ith surround ing natural landscapes , but mod ificat ions 
range from res ident ial areas along estab l ished roads to small- and med ium­
s ized commercial areas , to the Concord metropol i tan area . Compared w i th 
Segment A ,  Dist inct ive and Noteworthy landscapes are less prominent in this 
segment of the s tudy area . 

Segment C :  Th is landscape segment extends south from the town of 
Goffstown about 40 km ( 25 mi ) to the New Hampsh ire state l ine and is  typ ical 
of the New England Seaboard Lowland sect ion . Topographic  rel ief generally 
ranges from 75 to 1 50 m ( 250 to 500 ft ) . Occas ional monadnocks such as North 
and South mountains are the only prominent features of this landscape 
segment . The dominant wh i te and red p ine forest type frequently occurs 
bordering agr icul tural areas in relatively flat terra in . Recent development 
activity has occurred , t ransforming some rural areas into residen tial and 
commercial centers and dramat ically mod i fy ing the assoc iated landscape . 
Compared w i th Segments A and B ,  lakes and ponds are less common in Segment C 
and are typ ically surrounded by moderate development .  The proposed 
transmiss ion l ine would intersect and general ly parallel the Merr imack River 
throughout th i s  landscape segment .  The r iver corr idor has been developed into 
a major transportat ion and commercial center that tends to dominate the v isual 
character of the r iver val ley . I n  summary , this landscape segment includes 
more elements of Common landscape than other segments of the New Hampsh ire 
study area . 
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3 . 6 . 3  Route Landscape Descr ipt ions in Massachusetts 

The following descr ipt ions of landscapes within the Massachusetts s tudy 
area are adapted from the ER ( Vol . 7--Sec . 3 ) . The descr ipt ions correspond 
with the framewor k  of landscape classes discussed in Sect ion 3 . 6 . 1 and are in 
accord with segmen ts of the proposed route iden t i fied by the Appl icant , i . e . , 
New Hampsh ire/Massachusetts state l ine to Ayer ( Segment A ) , Ayer to Mil lbury 
( Segment B ) , and M i l l bury to West Medway ( Segment C ) . Towns in wh ich segments 
beg in or terminate are shown in Figures 2 . 3  and 2 . 4 .  Detailed maps 
del ineat ing the Massachusetts s tudy area and formally des ignated landscape 
un its are presented in the ER ( Vol . 7--F igure I I I ) .  All  Distinct ive and 
Noteworthy lands capes in Massachusetts are recorded in the Massachusetts 
Landscape Inven tory identif ied by name , code des igna t ion , and locat ion ( ER , 
Vol . 7--p . 55 ) .  

Segment A .  The proposed route traverses Common landscape throughout the 
en tire length of this segment .  The landform is predom inantly gently roll ing 
terra in , only occas ionally interrupted by low hi lls . The Merr imack River is a 
major drainageway that intersects the study area , bu t shorel ine development 
s ign ificantly detracts from the visual qua l i ty of the r iver landscape . Vege­
tation patterns are dominated by Appalach ian Oak Forest typ ical of glac iated 
areas , consisting pr imarily of the elm/ash/maple and oak/hickory forest types 
( see Append ix A ) . The vegetat ion patterns dom inated by forest are interrupted 
by act ive and abandoned farms and developed land . Much of the man-made 
mod ificat ions of landscapes include major highways and industr ial and 
res idential areas . However , the landscapes in Segment A are pr imar ily rural 
in character , the except ions being the cons iderable development between U . S .  3 
and the Merr imack R iver and in the v icin i ty of the Sandy Pond subs tation . 

Within Segment A ,  the Lower Nashua Val ley D i s t inct ive Landscape 
Un it  ( C 1 ) *  encroaches into the outer boundary of the study area and extends 
close to and parallels the proposed route for a short distance in the town of 
Groton . The h igh v i sual qual ity of th is landscape un it is attributable to 
p icturesque orchards and farms , wooded druml ins , and open high ground that 
affords v istas of the Wachusett Moun tains to the west and monadnock mountain 
reg ion of New Hampshire to the nor thwest .  

Segment B .  D i s t inct ive and Noteworthy landscapes are traversed by , or 
are adjacent to , the proposed transmiss ion l ine route at four l ocat ions within 
Segment B ( see below ) . Otherwise , the proposed route traverses Common 
landscapes for v i r tually the en t i re length of the segment ,  and landform and 
vegetat ion elemen ts of Segment B tend to be s imilar to those of Segment A .  
However , vegetat ion patterns tend to be more fragmented in Segment B ,  
pr imar ily due to a generally greater dens ity of res iden tial areas , 
industr ial/commercial complexes , and other man-made mod ifications . Increased 
development is par t i cularly notable in towns in the Worcester area . The 
proposed route intersects the Nashua River , but prox imity of the Boston and 
Ma ine Ra il road , For t Devens , and a min ing area detract from the v isual qual ity 
of the river landscape . Other water elements include the North Nashua River 

*Th is and subsequent ''un it"  des ignat ions ind icate Distinct ive and Noteworthy 
landscapes ident i fied in the Massachusetts Landscape Inven tory ( ER Vol . 7-­
p .  55 ) .  
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and numerous lakes and ponds , many of wh ich are v i r tually surrounded by 
resident ial development .  

The four areas of Dis t inct ive and Noteworthy landscapes in Segmen t B are 
the Sterl ing Landscape Un it ( C6 ) , the Upper Nashua Val ley-Shrewsbury Ridge 
Landscape Uni t  ( C2 ) , the Nashua Val ley Noteworthy Landscape Un it  ( C 1 ) ,  and the 
Lunenburg Notewor thy Landscape Un it  ( C5 ) . The Sterl ing un i t ,  located in the 
town of Sterl ing , is traversed by the proposed route for a short d istance , and 
general ly parallels the route for about 3 . 2  km ( 2  mi ) .  Th is un it  includes 
both Di s t inctive and Notewor thy landscapes ; the moderate to high v i sual 
qua l i ty of the un it der ives from extens ive apple orchards and open highlands 
that afford views of d istan t landscapes . The proposed route also intersects 
two nar row segmen ts of the Upper Nashua Valley -Shrewsbury Ridge un it  in the 
town of West Boy ls ton . The un i t  includes both D istinct ive and No teworthy 
landscapes , pr ima r i ly cons is t ing of the Wachusett Reservo ir and i ts immed iate 
shorel ines . The reservo ir  is a major scen ic attract ion . The Nashua Val ley 
Noteworthy un it  abuts the proposed route in the town of Ayer , and the 
Lunenburg Noteworthy un i t  is adj acent to the proposed route in the town of 
Shirley . 

Segment C .  Landscape features traversed by the proposed route v i rtually 
throughout the length of this segment are character istic of Common landscapes , 
e . g . , gently roll ing topography and typ ical regenerating Appalach ian Oak 
forest interspersed w ith ponds , streams , and wet lands ; as well  as cons iderable 
cleared and developed land . An except ion is  where the proposed route 
intersects a 4 60-m ( 1 500-ft ) segment of a southern extens ion of the Grafton 
Di st inct ive/Noteworthy Landscape Un it  ( C3 )  in the town of Grafton . Th is 
landscape un it  w idens to the north of the route intersection and generally 
parallels the proposed route for about 4 km ( 2 . 5  mi ) .  Princ ipal features 
contributing to the comparat ively high visual qual ity include p i c turesque 
dairy farms and apple orchards , as well as d i spersed highland areas . 

Converter Terminal Site . Within roll ing topography , the general area of 
the proposed converter terminal site  is  charac terized by Common landscape 
dom inated by man-made mod ificat ions . The site  is  w i thin a triangle formed by 
two highway routes and a branch of the Boston and Maine railway system , all 
within about 520 m ( 1 700 ft ) from s ite boundar ies at closest d istance ( ER ,  
Vol . 1 --Figure I V-6 ) .  Electr ic transmiss ion fac i l i t ies ad jacent to the s i te 
include an ex ist ing substat ion , a transmiss ion l ine extend ing into the area 
from the north , and an east-west transmiss ion corr idor immed iately south of 
the s i te that is occup ied by three transmiss ion l ines . Add i t ional ly , an 
industr ial complex is adjacent to and south of the s i te , and a gravel min ing 
area parallels the eas tern boundary of the site . 

3 . 7  CULTURAL RESOURCES 

3 . 7 . 1 I ntroduct ion 

Cultural resources pr imar ily include archeolog ical s i tes ( both preh is­
toric  and histor i c )  and h istoric  s tructures , wh ich are protected by or qual ify 
for protection under the Nat ional H i stor ic Preservat ion Act and other federal 
and state laws . Pursuant to these laws , the Applicant is conduct ing an 
inventory and evaluat ion ( in consul tat ion w i th the New Hampshire and 
Massachusetts State His toric  Preservat ion Officers [ SHPOs ] )  of s i tes that 
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could be affected by the proposed act ion ( ER ,  Vol . 2--p . 1 52- 1 55 ;  ER , Vol . 3-­
p .  1 53- 1 5 7 ;  Qu inn 1 985 ; Talmage 1 985 ; New England Power 1 986a , 1 986b ) . 
Inventory procedures and study area boundar ies are described for each s i te 
category below . There are no nat ive Ame rican rel ig ious s ites ( protec ted by 
the American Ind ian Rel ig ious Freedom Act ) or paleontolog ical s ites impacted 
by the proj ect . 

3 . 7 . 2  Reg ional Preh is tory and History 

New England preh istory beg ins with Paleo-Ind ian settlement , following 
retreat of the Wisconsin ice sheet after 1 2 , 000 years before present ( B . P . ) .  
Subsequen t preh is tory is  d i vided into Archa ic ( preceramic ) and Woodland 
( ceramic ) phases . Reg ional prehistoric overviews are presented by Gr iff in 
( 1 964 ) , Willey ( 1 9 66 ) , Newman and Salwen ( 1 977 ) , and others . Both 
New Hampshire ( P illsbury 1 927- 1 928 ; Squ ires 1 956 ) and Massachusetts ( Hart 
1 927- 1 9 30 ;  Brown 1 9 78 ) also possess a long and r ich histor ical record , extend­
ing back to the 1 7 th century A . D .  

3 . 7 . 3  Archeological S i tes 

Archeo log ical s i tes include surface and subsurface remains from prehis­
toric and histor ic per iods . A l i te rature/file inventory of prev iously 
recorded s i tes ( includ ing the National Reg ister of H istor ic Places and the 
appropr iate state reg isters ) ind icates that the New Hampshire towns traversed 
by the proposed r ight-of-way contain 1 4  archeolog ical s ites , and that 4 
archeo log ical s i tes l i e  partially on or adjacent to the Massachusetts segment 
( ER ,  Vol . 2--pp . 1 52- 1 5 5 ;  ER , Vol . 3--pp . 1 53- 1 56 ) .  

The Appl icant also under took a field survey fo r prev ious ly unrecorded 
archeo log ical s i tes in areas that would be affected by the proposed project . 
The survey strategy was developed in consul tat ion with the appropr iate State 
Histor ic  Preservat ion Office ( see letters in Append ix  E from J . F .  Qu inn , 
Deputy New Hampshire State historic Preservat ion Officer , October 30 , 1 985 ; 
and from V . A .  Talmage , Massachusetts State Historic Preservat ion Officer , 
September 9 ,  1 985 ) . Survey methods included a 1 00% pedestr ian surface 
reconna issance of the r i ght-of-way and proposed converter terminal s i tes , and 
subsurface test ing of areas on the r ight-of-way where proposed struc ture 
locat ions co inc ide w i th high s i te poten tial ( Office of Pub l i c  Archaeology 
1 985 ; New England Power 1 986a ) . ( See Appendix C for further descript ion of 
survey methods . )  Our ing the course of the survey , new archeo log ical rema ins 
( surface and subsurface ) were d iscovered and , whe re appropr iate , subjected to 
add it ional test ing . 

DOE has tentatively conc luded on the bas is of exist ing informat ion that 
no archeolog ical s i tes which are li sted in , or elig ible for inclus ion in , the 
National Reg ister wou ld be affected by the proposed act ion . The determinat ion 
of the New Hampsh ire and Massachusetts SHPOs on this matter will  not be made 
un til  the complet ion of the cul tural resources survey , pr ior to the issuance 
of the final E I S  ( New England Power 1 986a , 1 986 b ) . 

Deta iled reports on the inven tory and evaluat ion of archeolog ical s i tes 
will  no t be ava ilable un t il  after complet ion of the draft envi ronmen tal impact 
statement ( DEI S ) . Howeve r ,  the App licant is submitt ing quarterly progress 
reports to the DOE ( those completed to date are included in Append ix  C of this 
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documen t ) , wh ich will  be made access ible to the public  in the same manner as 
the DEI S .  I f  unexpected developments in the s ite inven tory and evaluat ion 
process warran t ,  the DOE will  issue a cul tural resources supplement to the 
DEIS . 

3 . 7 . 4  Histor ical Structures 

Al though prehistor ic s i tes may conta in structures and hi stor ic s i tes may 
lack them , hi sto r ic structures may be cons idered separately because the 
methods employed for inventory and impact assessment d i ffer from those appl ied 
to other cul tural resources . An in i t ial l i terature/file search by the Appl i­
cant produced a total of 56  histor ical structures or historic  d istr icts 
contain ing structures l isted on the National Reg ister or the state reg i sters 
in towns traversed by the proposed route . The structures include houses , 
covered br idges , churches , schools , and others ( ER ,  Vol . 2--pp . 1 5 3- 1 54 , 
Table I I I -24 ; ER , Vol . 3--pp . 1 55- 1 5 6 ,  Table I I I -24 ) . 

The Appl i cant also conducted a more in tens ive proj ect-specific survey 
during August-November 1 985 and April  1 986 . The survey des ign ( approved , w i th 
mod ificat ion , by the appropr iate SHPOs ) enta iled identificat ion and evaluat ion 
of all histor ic  structures located wi th in one-quarter m i le of the proposed 
r ight-of-way , and also those outs ide the one-quarter mile  boundary but in 
prox imity to it ( Office of Pub l i c  Archaeo logy 1 985--p . 9- 1 2 ; New England Power 
1 986a--pp . 1 0- 1 1 ) .  A total of 3 1 8  propert ies were iden t i f ied in 
New Hampshire , and 475 in Massachusetts . 

A high percentage of the h istor ic structures iden t i fied may be catego­
r ized as s i gn i ficant . The New Hampshire SHPO has determined that 200 ( 63% ) of 
the properties in that state are listed in , or elig ible for inclus ion in , the 
Nat ional Reg ister . The App l i cant has d isputed some of these el igibil ity 
determinat ions , and i s  in the process of resolv ing this issue with the New 
Hampshire SHPO ( New England Power 1 986b--p . 3 ) . The Massachusetts SHPO has 
not ified the Appl ican t that approx imately 290 propert ies ( 75 ind iv idual 
propert ies and 5 histor ic d istr icts ) may be el igible ( New England Power 
1 986b--p . 3 ) . F inal el igib i l ity determinat ions are expected to be ava ilable 
in July 1 986 . 

Add it ional informat ion on the inventory and evalua t ion process will  be 
made ava ilable to the publ ic in the same manner as for other cul tural 
resources ( see Sect ion 3 . 7 . 3 ) . 
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4 .  ENV I RONMENTAL CONSEQUENCES 

4 . 1  CONSEQUENCES OF THE PROPOSED ACTI ON 

The proposed act ion includes numerous comm itted m i t igat ing measures that 
are iden t ified by category in Sec tion 2 . 1 . 5 .  Each of the following 
d iscuss ions of env ironmental consequences of the proposed act ion assumes the 
adoption and effec t ive implementat ion of all l i s ted mit igat ing measures . 

4 . 1 . 1  Air  Quality 

The greatest proj ect-related impact to a i r  qual ity would be from fug i t ive 
dust generated during clear ing and construct ion act ivi ties . Al though locally 
heavy at t imes , the dust general ly would not be bo thersome at d i s tances of 
more than 300 m ( 1 000 ft ) from the clear ing and construct ion act ivit ies . At 
this d istance , the concentrat ion of dust would have decreased to less than 
one-tenth of the init ial concentrat ion ( Sul l i van and Woodco ck 1 982 ) . Dur ing 
construct ion of the l ine , contractors would be requ ired to provide dust­
control measures to avo id undue impact .  Watering has been shown to be an 
effective and inexpens ive method to reduce dust . Fo r example , one study ind i­
cated that dust releases were lowered by as much as 95% from a haul road if  
the road was watered tw ice a n  hour ( Maxwell  et  al . 1 982 ) . Under no rmal cond i­
t ions of water ing , the major impact should not  ex tend more than 1 00 m ( 300 ft ) 
from the dust source . 

Ai r-quality impacts from gaseous po llutan ts from d iesel exhausts , i . e . , 
sulfur d iox ide and n i trogen ox ides , would be minor and trans itory because of 
the mobile nature of the sources . Because of th is , the em iss ion of these 
gases would not cause or contr ibute to any v iolat ions of a i r-qua l i ty stan­
dards . The amount of carbon monoxide and hydrocarbons released from diesel 
eng ines i s  also small and would not cause any v iolat ion of air -qua l i ty 
standards . 

Ord inarily , ozone is a secondary pollutant formed by the interact ion of 
hydrocarbons , ox ides of n itrogen , and ultrav iolet rad iat ion w i th in sunl ight . 
I n  the case of high-voltage transm iss ion l ines , however ,  ozone is  d i rectly 
produced by the conductor corona of the �ransmiss ion l ines . Under worst-case 
cond it ions , ozone levels of about 20 �g/m ( 1 0 ppb ) above background have been 
measured under l ines operat ing at ±400 to ±500 kV DC ( Droppo 1 9 79 ; Krupa and 
Pratt 1 982 ) . A number of field exper iments have shown that ground- level ozone 
concentrat ions resulting from transmiss ion l ine corona are usually ind ist in­
guishable from background concentrat ions ( Sebo et al . 1 9 76 ; Roach et al . 
1 978) . Johnson and Zaffanella ( 1 982 ) measured no detectable ozone levels 
above background beneath a l ine operat ing under cond it ions s imi lar to those 
proposed for the DC interconnect ion . Comber et al . ( 1 982b ) est imated than an 
operat ing 1 050-kV AC l ine may increase ozone �y 5 ppb above background . The 
one-hour EPA standard for ozone is 1 20 �g/m ( 60 ppb ) . Min imum levels of 
tox ic i ty are reported to be abut 200 �g/m3 ( 1 00 ppb ) . Based on these stud ies , 
i t  i s  apparent that operat ion of the proposed transmiss ion sys tem would not 
result  in the product ion of ozone at tox ic levels . 

I n  summary , local amb ient a i r  qua l i ty would be only sl ightly and 
temporar i ly impacted by fug it i ve dust emiss ions if mit iga t i ve measures are 
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employed dur ing cons truct ion . Release of gaseous pollutants would not result 
in s ign ifican t impacts on local air qual ity . 

4 . 1 . 2 Land Features and Use 

4 . 1 . 2 . 1 Geology 

Construction , operat ion , and maintenance of the proposed transm iss ion 
fac i l i ty would have only minor or negl igible impacts on geolog ic  cond i t ions . 
Terrain changes associated with the construct ion of the proposed transmiss ion 
l ines would be confined to local landscape alterat ions caused by construct ion­
veh icle traffic and level ing or grad ing for transmiss ion l ine structure s i tes 
and access roads . Changes in landform wou ld also occur at the proposed 1 2-ha 
( 30-acre ) converter terminal s i te , where cut and fill  would be used in s i te 
preparat ion prior to cons truct ion of terminal fac i l i t ies . 

Placement of transmiss ion st ructures on sloping areas could produce 
local ized slope fa ilures and resul ti ng landsl ides . These areas are confined 
to st ream cross ings , steeper slopes , and d issected uplands of  major r iver 
valleys . Examples of such areas include some banks of the Ammonoosuc River 
near Bath , the Fowler River near Alexandria , and the Merr imack River near 
Merrimack , all in New Hampshire , and the Wachusett Reservo i r  in the town of 
West Boylston , Massachusetts . 

A se ismic risk  map ind icates that the study area is  in a reg ion expected 
to sustain minor ear thquake damage ( Corps of Engineers 1 983 ) . The 
transmission fac i l i t ies , includ ing structure foo t ings and subs tations , should 
be des igned with a safety factor to account for earthquake load ings . Se ismic 
activity of low or med ium intens i ty would have l i ttle or no effect on the 
transmission l ine system . Al though the histor ical record ind icates minor 
se ismic act ivity in the general project area , th is does no t preclude the 
occurrence of a major earthquake ( intens i ty of 7 or higher , R i chter scale ) ,  
wh ich would l i kely cause severe s tructural damage to the fac i l i t ies . 

Construction of s tructure foundations , access roads , and substations 
would result in the consumpt ive use of sand and gravel resources . These 
resources might have to be imported from ou ts ide the right-of-way , wh i ch 
con ta ins clay-r ich t ill . However , sand and gravel resources are of local 
impor tance on ly and supplies wou ld not be unduly strained by construction 
needs . 

4 . 1 . 2 . 2  So ils 

Project-related impacts on soil resources include cons ideration of 
important farmlands as iden t ified in the Farmland Protection Pol icy Act 
( Publ ic  Law 97-98 , December 22 , 1 98 1 ) .  The 298 km [ 1 85 mi ] of proposed 
transmiss ion l ine routes in Massachusetts and New Hampshire would traverse a 
cumulative total of 35 km ( 22 mi ) of pr ime and other farmland of statewide 
importance ( Sect ion 3 . 2 . 2 ) . At an average s tructure spac ing of 1 83 m 
( 600 ft ) ,  spann ing the 35 km ( 22 mi ) of pr ime and other important farmland 
would require about 1 93 structures . Based on publ ished data ( Scott  1 98 1 ) ,  the 
calculated total cumulat ive area of importan t farmland that wou ld be d i s turbed 
or inaccessible to operators of farm implemen ts around 1 93 H-frame s tructures 
would range from 1 . 6 ha ( 3 . 9  acres ) to 3 . 2  ha ( 7 . 7  acres ) .  The affected area 



4-3 

is somewhat overest imated s ince some important farmlands would be spanned and 
some s ing le-pole structures would be used in transmission l ine cons truct ion . 
Some add i t ional important farmlands would be disrupted to fac i l i tate project 
access , but for the most part , exist ing access within the establ ished 
transmiss ion l ine corr idors would be adequate for project development .  
Because o f  the l imited area involved , project-related impacts on pr ime and 
other important farmlands would be of minor consequence . 

The major impact on so ils wou ld occur dur ing the cons truct ion per iod . 
Vegetat ion clear ing and cons truct ion activi ties would increase the potent ial 
for soil erosion . Much of this eros ion would occur in areas w i th a steep 
slope and /or highly erod ible so il . The grades of many of the slopes along the 
proposed route equal or exceed 1 5% .  So ils  in areas w i th s teeper slopes have 
more potent ial for soil eros ion . 

Poten t ial water e ros ion at the construction s i tes for the structures and 
the proposed terminal s ite was est imated using the Mod i fied So i l  Loss Equat ion 
( Warr ington 1 980 ) . Table 4 . 1  shows the parameters used and the est imated 
losses . For the purposes of these calculat ions , the proposed terminal s i te 
was div ided into two sect ions--one of steep rel ief , wh ic� takes up 
approx imately one-quarter of the terminal s ite , and the other area of low 
rel ief . Low canopy cover and low mulch cover percentages were used to s imu­
late a worst-case scena r io . I f  access roads are not properly loca ted , graded , 
and mainta ined , concentrated runoff could occur , result ing in gully eros ion . 
After construct ion and during operat ion , so il eros ion would dec rease because 
of revegetation and level ing of the structure and substat ion s i tes . 

Table 4 . 1 .  Estimated Annual So il Loss Due to Eros ion 

Parameters Used 

Slope 
So il Length Slope 

Site Erodibil ity ( m )  ( % )  

Proposed terminal 0 . 49 305 2 
0 . 49 1 20 1 2 . 5  

Route ( structures ) 0 . 4  1 5  5 

a 1 kg/ ( m2 · yr )  = 4 . 4  tons per acre per year . 

So il  �ass 
[ kg I ( m · y r ) ] a 

2 . 3 
2 1 . 7  

1 . 5 

Exist ing so ils would be disrupted and/or d isplaced during the level ing of 
the 1 2-ha ( 30-acre ) converter terminal s ite , grad ing and excavations at 
structure cons truc t ion s i tes , and construct ion of access roads . However , the 
cumulat ive area of affected so ils  would be relat ively l imited s ince much of 
the required access has been prev iously developed dur ing cons truct ion of 
existing transmiss ion l ines w ithin the common r i ght-of-way . Furthermore , 
excavations for structure foundat ions would enta il min imal sacr if ice of so il 
resources , particularly in upland areas . For example , the cumulat ive area for 
H-frame structure foundat ions would generally be less than 0 . 02 ha ( 0 . 04 acre)  
per 1 . 6 km ( 1  mi ) .  
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For the most part , excavated spo il mate r ials at the converter terminal 
and access road cons truct ion s i tes would be used for fill . At transmiss ion 
l ine structure construct ion s i tes , the excess spoil  would be spread over areas 
ad jacent to the structures . However ,  if  the spoil  would be unsui table as a 
topso il dress ing , the mater ial would be removed from the r ight-of-way . 

4 .  1 . 2 . 3  Land-Use Impacts 

Agri cultural Resources 

Based on analy s is of aer ial photographs , the cen terl ines of the proposed 
transmiss ion l ines are est imated to traverse tracts of agr icul tural lands for 
a cumulat ive dis tance of 1 3 . 5  km ( 8 . 4  mi ) in New Hampshire ( ER ,  Vol . 3-­
p.  200 ) and 1 1 . 7 km ( 7 . 3  mi ) in Massachusetts ( ER ,  Vol . 3--p . 1 88 ) , a comb ined 
di stance of 25 . 2  km ( 1 5 . 7  mi ) .  Given an average spac ing interval of 1 83 m 
( 600 ft)  between structures , spann ing this combined d i s tance would entail  
construct ion of about 1 38 structures . Calculations based on published data 
( Scott 1 98 1 ) ind icate that the to tal cumulat ive area around 1 38 two-pole 
( H-frame ) structures that would be inaccessible to operators of farm mach inery 
ranges from 1 .  1 ha ( 2 .  8 acres ) to 2 .  2 ha ( 5 .  5 acres ) .  The inaccessible area 
would be even less s ince s ingle-pole structures would be used along some 
segmen ts of the proposed l ine . Fur thermore , some tracts of ag r icul tural land 
would be spanned , and use of pas turelands would be essen t ially unaffec ted by 
structures . Thus , the actual area wi thdrawn from ag r i cultural produc tion 
would be of minor consequence . Pr ime and un ique farmland acreage affected by 
the proposed act ion is d iscussed in Sect ion 4 . 1  . 2 . 2 .  

The proposed proj ect also would enta il some short-term impacts on 
agr icul tural resource areas . For example ,  some ag r i cultural land could be 
temporar ily unava ilable for use dur ing local construction . Construct ion 
act ivi t ies could be scheduled to min imize damage to annual crops dur ing the 
growing season ; however , perenn ial crops such as orchards and nursery trees 
would be subj ect to damage regardless of the season of cons truct ion . So ils  
along temporary access routes and at construct ion s ites would be  subject to 
vary ing degrees of compact ion , depend ing on so il properties and compaction 
load ing ; thereby caus ing correspond ing reduct ions in crop y ields fo r several 
subsequent years ( Asplundh Env i ronmental Services 1 98 1 ) .  Restorat ion of 
productivity would depend on t i l lage practices and natural factors such as 
freeze-thaw cycles and so il  fauna ac t i v i ty . None of these impac ts are 
regarded as s ign ificant . 

Forest Resources 

Project-related impacts on fores t resources would be relat ively minor 
s ince virtually all of the proposed transmiss ion l ines would be located w i thin 
establ ished corr idors in  which mos t  of the vegetat ion is  controlled at he ights 
compatible w ith operat ion of one or more ex isting tran smiss ion l ines . An 
except ion to th is is a 1 . 3-km ( 0 . 8-mi ) r ight-of-way that would extend from the 
Comerford converter terminal to an establ ished transmiss ion carr idor in the 
town of Monroe , New Hampsh ire . This corr idor would be cleared to a width of 
6 1  m ( 200 ft ) .  The only other forest removal requi red in New Hampshi re would 
entail  clear ing a 23-m ( 75-ft ) bel t within an establ i shed 1 3 .  7-km ( 8 . 5-mi ) 
transmiss ion corr idor from Sandy Pond junct ion to the state l ine . From the 
New Hampshire-Massachusetts boundary to the proposed converter terminal 
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immediate to the Sandy Pond substat ion , cleared port ions of the established 
transmission corr idor would be widened by 23 m ( 75 ft ) for 1 3  km ( 8 . 1 mi ) and 
by 1 8  m ( 60 ft ) for 6 . 6  km ( 4 . 1 mi ) .  Cleared portions of the establ ished 
58-km ( 36 -mi ) transmiss ion corr idor between the Sandy Pond and Mil lbury 
substat ions would be w idened at several locat ions . However , all such 
clearings w i thin this corr idor would be of l imited ex tent and involve a total 
of 6 ha ( 1 5 acres ) of forest vegetation ( ER ,  Vol . 2- -Table I I I -32 ) . 

The most extens ive r ight-of-way clear ing would occur w i thin the 
establ ished 25 . 9-km ( 1 6 . 1 -mi ) transmiss ion corr idor between the M i l l bury and 
West Medway substat ions . Cleared port ions of the r ight-of-way would be 
inc reased by widths rang ing from 24 m ( 80 ft ) to 30 m ( 1 00 ft ) .  As ide from 
r ight-of-way clear ing , a 1 5-ha ( 36-acre ) tract would be cleared to accommodate 
construct ion of the proposed converter terminal and two al ternat ing current 
connector l ines in Massachusetts , and about 1 . 2 to 1 . 6 ha ( 2  to 4 acres ) would 
be cleared at the ground electrode s ite in the town of L i sbon , New 
Hampshi re . 

In  summary , the proposed project would result in withdrawal of about 
1 47 ha ( 364 acres ) from the forest resource base . For perspect ive , about 60% 
of the land area in Massachusetts and 86% of the land area in New Hampshire is 
forested ( K ings ley 1 976 ) . Add it ional ly , the aforement ioned 1 47 ha ( 364 acres ) 
withdrawn from the forest resource base represents less than 0 .  06% of the 
forest lands in Massachusetts and New Hampshire towns traversed by the 
proposed transmis ion l ines ( ER ,  Vol . 2 ,  Table I I I - 1 9 ;  Vol . 3 ,  Table I I I - 1 8 ) . 

Min ing Resources 

Min ing activi ti es represent a very minor land use in the v i c i n ity of the 
proposed project fac i l i t ies . For example , the proposed transmiss ion l ines 
would traverse sand and gravel extraction s ites for a total cumulative d is­
tance of 2 . 4  km ( 1 . 5 mi ) .  Min ing act ivit ies are not encouraged in the 
establ ished transmiss ion corr idor w i thin which the proposed l ines would be 
constructed ( ER ,  Vol . 2--p . 1 68 ) ; however , where feas ible , excavat ions that 
would ne ither interfere w ith locat ions of structures nor j eopard ize the 
structural and opera t ional integ r i ty of the proposed l ines would be 
permitted . 

Recreational Resources and Natural Areas 

The proposed l ine would be developed within an established transm iss ion 
corridor , thus all or port ions of recreat ional resources and natural areas 
within the corr idor al ready are traversed by one or more ex ist ing transm iss ion 
l ines . Users of such recreational resources are exposed to v iews of the l ines 
and exper ience impacts of a visual nature . The adverse v isual effects related 
to exist ing l ines would be incremental ly increased by development of the 
proposed l ine ( see Sect ion 4 .  1 . 6 ) . 

Project-related construct ion would not encroach on any major and 
intens ively developed recreational areas , but some small port ions w i thin the 
establ ished transmiss ion corridor have been developed for recreat ional use . 
For example , a segmen t of the corr idor in the town of Bedford , New Hampshire , 
is part  of a golf course , and a boat launch fac i l ity and swimming beach are 
within the corridor in the towns of Shrewsbury-Grafton , Massachusetts ( ER ,  
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Vol . 2--Table I I I -40 ) . Other pr i vate developments have encroached on the edge 
of the transmiss ion corr idor at several locat ions ; these developments include 
swimming pools and playground fac i l i t ies . Users of developed recreational 
fac i l i t ies w ithin the corr idor could be temporar ily inconven ienced by proj ect 
construct ion , but the only long-term impact would be v isual in nature . Users 
of portions of the Upton State Forest and Wachusett Reservo ir  s i tes would also 
be exposed to views of the proposed l ine . 

The proposed route intersects e ight r i ver segments in New Hampsh i re ( see 
Section 3 . 2 . 6 ) and four r iver segments in Massachusetts tha t are identi fied as 
official or potent ial recreat ional resources by various agencies or 
organ izations . Project construct ion l i kely would not interfere w i th r iver 
recreat ion , but r iver travelers would be exposed to views of the proposed l ine 
as well as one or more adjacent existing l ines at several locations . Eleven 
scen ic highways , s i x  bike routes , and the Appalachian Tra il intersect the 
proposed l ine ( see Section 3 . 2 . 6 ) . Project-related cons truct ion could 
temporar i ly interfere w ith use of these recreational routes , but the only 
long-term effect would be v isual in nature . 

I n  general , the level of potentially adverse impacts on recreat ional 
resources due to the proposed project is relat ively low , s ince the long-term 
adverse effects on recreat ional resources would essent ially be l imited to 
incremen tal visual impacts ; i . e . , the vi sual in trus i veness of the proposed 
transmiss ion l ine would exacerbate the visual intrus iveness of e x i s t ing l ines 
w i thin the transmiss ion corridor . 

Res idential , Commercial , and Industr ial Areas 

With except ion of a 1 . 3-krn ( 0 . 8-mi ) segment located on existing util i ty 
property , the proposed transmission l ine would be developed w i thin establ ished 
transmiss ion l ine corr idors that have existed for 1 5  or more years ( ER ,  
Vol . 2--p . 1 94 ,  Vol . 3--p . 206 ) . I n  some towns , the transmiss ion corr idors 
are incorporated in town zon ing d istrict maps and land -use plans . No 
res idential homes or bus iness estab l ishments occur in the transmi ss ion 
corridor ; however , the cor r idor is encroached on at several locat ions . Two 
hard-topped par king lots assoc iated w i th an indus tr ial park extend into the 
corr idor in the town of Bedford , New Hampshire ( ER ,  Vol . 3--p . 208 ) , and a 
truck- tra iler storage fac i l i ty occup ies part of the corr idor in the town of 
Shrewsbury , Massachusetts ( ER ,  Vol . 2--Table I I I -35 ) . These fac i l i ties could 
be al tered dur ing project-related construc tion . Urban residential areas would 
be crossed by the proposed transmission l ines for a cumulative d istance of 
about 1 . 9 krn ( 1 . 2 mi ) w i th in n ine towns in Massachusetts ( ER ,  Vol . 2-­
Table I I I -35 ) . These and other res ident ial areas , as wel l as  commercial and 
indus trial developments adjacen t to the transmiss ion corridor , would be 
subject to increased levels of no ise and dust dur ing construct ion of the 
proposed proj ect . 

Cons truct ion impacts related to development of the proposed converter 
terminal in Massachusetts would pr imarily affect sca ttered res iden tial un its 
along roads surround ing the converter terminal s i te . The proposed route 
traverses the Fort Devens M i l i tary Reservation for about 2 , 1 60 m ( 7 , 1 00 ft ) 
and some adjacen t res iden t ial un its could be affected by construction 
act ivit ies . However , s ince the proposed l ine would be developed w i thin an 
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establ ish transmiss ion corridor , the overal l effects on res ident ial , com­
mercial , and industrial development would not l i kely reach unacceptable 
levels . 

Transportat ion Fac il it ies 

Development of the proposed project would involve cross ing about 2 1 0  
maj or highways and local roads . Some local damage to roadbeds could occur due 
to movement of heavy veh icles and transport equ i pment .  Dur ing l ine-str inging 
operations , temporary overhead guard structures would be erected at inter­
sect ions of the proposed l ine and transportat ion routes . Motor ists would be 
subjected to temporary increased levels of noise and fug i t ive dust at 
construction s i tes adjacent to the proposed l ine , and construct ion-related 
vehicles could cause short-term interference w i th local traffic  patterns on 
routes adjacent to cons truct ion s i tes . However , construct ion would be 
scheduled so as to disperse activi ties along the en t i re proposed route , thus 
avoid ing concentrat ions of construction activities ( ER ,  Vol . 2--p . 1 97 ) . 
I mpacts on rail road fac i l i t ies would l i kely be min imal . The App l i cant would 
be committed to coord inate proposed construct ion act iv i t ies w i th appropr iate 
ra i lroad offic ials to minimize in terference with s cheduled rai lway traffic 
( ER ,  Vol . 2--p . 20 1 , Vol . 3--p . 2 1 4 ) . 

Conductor clearances over h ighways and ra ilways would comply w i th the 
cur rent Nat ional Electrical Safety Code . The Federal Aviat ion Admin istrat ion 
( FAA ) would be not i fied of the prox imi ty of the proposed l ine to the Dean 
Memorial and Newfound Valley a i rports in New Hampshire , and the Moore Army 
A irfield and Sh irley Airport in Massachusetts . Any issues whereby development 
of the proposed l ine would interfere with aeronaut ical facil i t ies or navigable 
air space would be resolved though coord inat ion w i th appropr iate 
author ities . 

Transmiss ion Faci l i t ies 

The proposed transmiss ion l ine would intersect a total of 33 other 
electr ical transmission l ines ( ER ,  Vol . 2 --p . 203 , Vol . 3--p . 2 1 4 ) . The 
App l i cant will  coord inate w i th affected u t i l i ties dur ing the des i gn and 
cons truction of fac i l i t ies , and the use of temporary guard structures dur ing 
construction would avoid or m1n 1m1ze adverse e ffects associated w i th 
transmiss ion l ine intersections ( ER ,  Vol . 2--p . 203 ) . 

Pipel ines intersecting the establ i shed transmiss ion corr idor ( see 
Section 3 . 2 . 9 . 2 )  been grounded to control electrical effects from ex is ting AC 
transmission l ines , thereby preven ting excess ive corros ion of the pipel ines . 
The pipel ine adjacent to the proposed DC transmiss ion l ine in the town of 
Hudson , New Hampshire , would not be affected by operation of the DC l ine 
because the ground electrode for the l ine is located far to the north in the 
town of Lisbon . The potent ial for corros ion of underground p i pel ines in the 
general area of the ground electrode could be a land-use i ssue . Stud ies 
ind i cate rout ine mit igat ive measures are possible , but further stud ies and 
field testing are planned ( ER ,  Vol . 8--p . 1 53 ) . 
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Commun icat ion Fac i l i t ies 

Project-related impacts on existing commun icat ion systems would l i kely be 
min imal . Commun icat ions for the proposed project involve an ex isting shared 
microwave system . Internal equ ipment at e x i s t ing stat ions would be mod i fied , 
but no add it ional access routes or stat ion s i tes would be required ( ER ,  
Vol . 1 --p . 68 ) .  

Other Land-Use Impacts 

Development of the proposed project would entail  estab l i shing 25 to 35 
cons truct ion laydown and stag ing areas at intervals along the proposed route 
( ER ,  Supplement ,  Response No . 7 ,  September 27 , 1 985 ) . An area of about 0 . 5  to 
1 .  0 ha ( 1 to 2 acres ) would be required for each laydown and s tag ing s i te .  
Because the exact number and locat ion of these s i tes have not yet been 
determined , spec ific  potent ial land-use impacts can not be evaluated . 
However ,  following construct ion of the proposed pro j ect , the laydown and 
staging areas would be recla imed and restored to cond i t ions s imilar to those 
exist ing prior to construction . Thus , mean ingful effects on long-term land­
use patterns would be unl i kely . 

4 . 1 . 3 Hydrology , Water Qual ity,  and Water Use 

4 . 1 . 3 . 1 Surface Water 

Construction and operat ion of the proposed project wou ld resul t in some 
adverse impacts on surface-water cond i t ions . The major ity of these impacts 
would be short-term and l imited to the period of construct ion . Of greatest 
concern are impacts involving eros ion of d is turbed construct ion areas , with 
subsequen t increases in turbid i ty and sed imentat ion of r i vers , creeks , and 
wetlands in the area . Removal of trees , brush , and ground cover dur ing con­
struction would expose so ils  to increased eros ion , part icularly along shore­
l ines and backshore areas , and movement of con s truct ion veh i cles and equ ipment 
might accelerate the transport of d isturbed soils  to nearby waterways . The 
magn i tude of potent ial eros ion impact would depend on the steepness of the 
slope , timing of construct ion , and amoun t of ground cover removed ( Sec­
tion 4 .  1 . 2 . 2 ) . At stream and r i ver cross ings , construc t ion vehi cles and 
equ ipment could contribute to s i l tation by d i s turbing stream banks and creek 
bottoms . Siltat ion increases water turbid i ty and decreases dissol ved oxygen 
content .  The use of eros ion control measures descr ibed in Sect ion 2 .  1 .  5 .  3 
would mimm1ze any potent ial eros ion impacts and the potent ial of 
contaminat ion of surface waterbod ies . 

Water qual i ty could be degraded by release of oils , greases , fuels , and 
herbicides ; improper management of was tes dur ing operat ion and ma intenance of 
construct ion equ ipment ; spill ing of oil  from substat ions ; and release of 
domestic wastes generated by construction workers . Such contamination could 
cause a short- term , but potent ially severe ,  reduction in water qual ity .  
Dur ing per iods of h igh runoff , impacts to surface-water qual ity could be 
temporarily severe in affected areas . However , such impacts would be 
minimized by the proposed mit iga t i ve measures ( Sect ion 2 . 1 . 5 . 3 ) . 

Surface runoff along the transmi ss ion l ine r ight-of-way would be 
increased because of removal of vegetat ion and ground cover . Thi s  could 
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result in reduced evapotranspiration and inte rcept ion , as wel l  as decreased 
permeabi l i ty of the �round surface . However , the area within the r ight-of-way 
( about 1 5  km2 [ 6  mi ] ) would be small relat ive to the total area of the 
affected watersheds . Therefore , the effects of sur face runoff from the r ight­
of-way would pr imar ily be reflected by increased flows in the smaller local 
drainageways . Major dra inage patterns and streamflow reg imes in the pr inc ipal 
drainageways would be essentially unaffected , except for a tributary of 
Roar ing Brook in the town of Monroe , New Hampshi re , that would l i kely be 
d i verted a short d i stance in order to cons truct a transmiss ion l ine angle 
structure ( Walker 1 986 ) . In add i t ion ,  temporary d i vers ions of water might 
occur along access roads and around construct ion s i tes . Local surface 
drainages might be temporar ily or permanently al tered by access roads and 
construct ion act i v i t ies . Most of these impacts would be short-term , but even 
permanent alterat ions should cause only minor local impacts . 

Culverts would general ly be used to cross ephemeral streams flow ing dur­
ing construct ion ; however ,  ford ing of some streams and passage of construct ion 
vehicles and equ ipment across small wetlands would l i kely be required . The 
placement of culverts across streams , the ford ing of streams , and the 
construct ion conducted alongs ide the stream could result in damage to or 
collapse of local i zed port ions of streambanks . Mit igat ive measures would be 
taken to minimize these po tent ial impacts . Most culverts instal led dur ing 
proj ect construct ion would be left in place to fac i l i tate access for 
transmiss ion l ine and r ight-of-way ma intenance ( Walker 1 986 ) . 

4 . 1 . 3 . 2  Groundwater 

Construction act i v i t ies assoc iated with the proposed proj ect could result 
in some adverse impacts on groundwater cond it ions in the study area . Areas of 
greatest concern are where shallow glacial -dr i ft aquifers occur and where 
perched water tables exist . In some places , clay-r ich t i ll  separates the 
glac ial -dr ift aqu ifer and a perched groundwater table from deeper aqu ifers . 
Excavat ion for st ructure foundat ions might pene trate the imperv ious clay-r ich 
layer and provide a channel for connect ion of the groundwater layers . This 
could cause perched water to drain into lower aqui fers or deeper glacial d r i ft 
aqui fers . Penetrat ion of impervious layers might increase recharge of 
aqui fers bur ied under clayey layers that currently l imit  recharge . Hydraul ic 
interconnect ion between aqu ifers could also resul t in contamination of 
glac ial-d r i ft and deeper aqu ifers w i th pollutan ts contained in the perched 
water . Careless and excess ive appl icat ion of herb icides during r ight-of-way 
ma intenance could result in the percolation of herb icides to shallow glacial ­
dr i ft aqu ifers , potent ially contaminat ing water pumped from th is aquifer . 
Al though the potent ial for such impacts ex ists , the extent and magn itude would 
be minor if  proj ect structures are carefully s i ted . 

Compact ion of soi l s  and subsequent d isrupt ion of shal low groundwater flow 
patterns might occur on access roads and around structure s i tes during con­
struct ion . Groundwater flow patterns also would be d i srupted in areas where 
dewater ing was requ ired dur ing construct ion due to a high groundwater table . 

4 . 1  . 4  Ecology 

Impacts to b iota from Phase I I act ivit ies would be s imi lar to those 
d iscussed for Phase I ( U . S .  Department of Energy 1 984 ) . The refore , much of 
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the following discuss ion on ecolog ical impacts i s  based on analyses from 
Phase I ( and repor ted here in where applicable ) ,  accompan ied by s i te-specific 
informat ion conta ined in the Appl ican t ' s  ER . Where appropr iate , add i t ional 
and/or more updated informat ion has been added to mo re thoroughly address 
potential impacts . 

4 . 1 . 4 . 1 Terrestrial 

Vegetat ion 

Vegetation would be affected by clearing along selected areas of the 
proposed r ight-of-way and at the s i tes for the proposed converter terminal and 
ground electrode . Clear ing would include ( 1 )  cutting and d isposal of trees 
and ( 2 )  grubbing and d i sposal of stumps ( ER ,  Vol . 1 ) .  The latter would be 
applicable primar ily fo r the converter s i te and for areas in the r i ght-of-way 
where access roads and transmiss ion l ine structures would be located . Effects 
on vegetat ion from clear ing ope rations would be s imilar to those typical of 
logg ing operat ions ( U . S .  Department of Energy 1 984 ) . 

R ight-of-way clear ing would entail  cutt ing of large mature trees and 
removal of potentially tall-grow ing trees . Damage to shrub and herbaceous 
spec ies would be minimized to the ex tent poss ible . Vegetation beneath the 
transmiss ion line conductors would be l imi ted to low-grow ing shrubs and 
herbaceous spec ies , as we ll as tree spec ies of low-he ight potent ial . Removal 
or selective tr imming of some danger trees outs ide the right-of-way would also 
be requ ired . The amount of clear ing that would be requ ired is  d iscussed in 
Section 4 . 1 . 2 . 3 .  Al together , about 1 35 ha ( 330 acres ) of r ight -of-way would 
be cleared . This area would cons ist of the general fores t types shown in 
Table 4 . 2 .  Relat ive to to tal forest resources in the study area , th is loss of 
forested area would be negl ig ible . 

Table 4 . 2 .  Fo rest Types and Areas to Be 
Cleared for the Proposed Right-of-Way 

Forest Type 

Hardwood 

Hardwood/softwood 

Softwood/hardwood 

Softwood 

Plan tations 

Total 

Compos it ion 

� 80% hardwood spec ies 

5 1 %  to 80% hardwood spec ies 

5 1 %  to 80% softwood spec ies 

� 80% softwood spec ies 

Assorted planted spec ies 

a 1 hectare ( ha )  = 2 . 47 acres . 

Area Cleared 
( ha ) a 

54 . 5  

38 . 3  

25 . 7  

1 3  

3 . 9  

Sour ce : ER , Vol . 2--Table I I I - 32 ,  Vol . 3--Table I I I -34 . 

Dus t generated by construct ion traffic and equipment operat ion could be 
deposited on adj acent vegetat ion , affect ing photosynthesis and plant growth , 
as well as making the vegetat ion less palatable to 1 i vestock and wildl ife 
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( Dvorak 1 977 ) . However , the relat ively minor amount of an tic ipated 
disturbance , accompan ied by mit igat ive measures to control dust , would render 
such impacts negl igible . 

Following in it ial clear ing , and subject to easemen t agreements , 
vegetat ion in the r ight-of-way would be con trolled by a comb inat ion of 
mechan ical and chemical me thods . On ly herb ic ides and appl icat ion me thods 
approved by the U . S .  Env i ronmental Protection Agency and approved for right­
of-way use by state pes t icide boards wou ld be used . Herb ic ides would be 
selectively appl ied at the base or stump ( 2 , 4 -D , P icloram , Tr iclopyr , or 
equ ivalent ) or on the fol iage ( prev iously mentioned herbic ides plus Fosamine , 
Glyphosate , or equ ivalen t )  of undes irable spec ies . The main tenance program is 
des igned to suppress tree growth while  encouraging the growth of shrubs , 
grasses , ferns , and other mature plants that do not exceed safe he ights ( ER ,  
Vols . 2 and 3 ) . 

Vegetat ion treatment would involve select i ve treatment of stump sprouts 
dur ing the dormant season after the first growing season fol lowing clear ing . 
Two years later there would be a second select ive appl icat ion , and subsequent 
treatments would occur over a three- to five-year cycle ( ER ,  Vols . 2 and 3 ) . 
Th is would mainta in cleared areas in a vegetat ive commun ity dominated by 
shrubs , low-growing trees , and herbaceous plants s imilar to those occurr ing on 
existing por t ions of the r ight-of-way . Generally , har dwood spec ies would be 
more l i kely to re invade cleared areas than would con i ferous spec ies . Th is is 
because some hardwoods have stump sprouts or root suckers , hardwoods generally 
are faster grow ing , and con ifers are outcompeted by dense stand s of bracken 
fern and blueberry that often invade after clear ing ( Galvin 1 979 ; Leak et al . 
1 969 ) .  Shrub species occur r ing in forested areas normally form a s ignificant 
component of new r i ghts-of-way , as do herbaceous spec ies typi cal of both 
fores ted and open areas ( Holewinski 1 98 1 ) .  

Al though operat ion of the proposed transmiss ion l ine would produce 
electr i c  fields and generate air ions , ozone , and oxides of n i trogen , recent 
stud ies ( Gr i ffith 1 977 ; Minnesota Envi ronmental Qua l i ty Board 1 982 ; Banks 
et al . 1 982a ; Droppo 1 98 1 ; Krupa and Pra tt 1 982 ) ind icate that such phenomena 
would have no s ign ificant effect on local vege tation . McKee et al . ( 1 978 ) 
observed leaf tip damage , w ith tissue injury and death in the terminal parts 
and higher parts of the plants , at electric field strengths of 20 to 
50 kV/m . However , this affected less than 1 %  of the plant tissue . No effects 
were observed at field strengths below 20 kV/m . Max imum field strengths 
expected for the proposed DC l ine wou ld be in the 20 to 30 kV/m range and for 
the proposed AC l ine would be less than 7 kV /m . Max imum values would occur 
less than 5% of the t ime ( see Section 4 . 1 . 8 ) . Endo et al . ( 1 979 ) found no 
effects from h igh vol tage d i rect current on growth , y ield , or chem ical 
composi t ion of wheat after exposure to 70 kV/m . Enhanced plant growth rate 
has been observed by Krueger et al . ( 1 96 3 )  and Wachter and Widmer ( 1 976 ) from 
exposure to pos i t i ve and negat ive air  ions . McKee et al . ( 1 97 8 )  emphas ized 
that plan t damage due to normal tissue dry ing typically exceeds that induced 
from even h igh- intens ity electric fields . 

In  conclus ion , operat ion of the proposed transmission l ines would not be 
li kely to cause apprec iable adverse impacts to vegetat ive resources other than 
those subject to per iod ic  r ight-of-way ma in tenance . 
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Wildl ife 

Impacts to wildl ife that could resul t from cons t ruct ion of the proposed 
Phase I I  system include ( 1 )  loss and al terat ion of hab i tat with subsequent 
loss or alterat ion of carry ing capac i t ies for wildl i fe populat ions and 
( 2 )  disturbance of wildl ife by noise and human act i v i ty . Hab i tat loss is a 
major cause of w ild l i fe populat ion decl ines ( Forsy the and Gard 1 980 ; 
Fredrickson 1 980 ) . Some w ildl ife assoc iated wi th the forested areas to be 
cleared would be affected by the projec t ,  but the hab i tats that would be 
affected are not cr it ical or highly un ique for any w i ldl ife spec ies in the 
area ( U . S .  Department of Energy 1 978 ) . Since the forested areas to be cleared 
represent a very small fract ion of those types of areas occurr ing in the 
count ies to be traversed by the proposed l ine ,  con t inued survival of local 
wildl ife populat ions would not be threatened . 

I t  i s  unl i kely that construct ion activit ies would result in any 
significant impact to local wildl ife spec ies . Construct ion ac t i v i ty would 
l i kely d isturb wildl ife for only a brief period ( days ) in any given area 
( except perhaps at the proposed converter terminal , which would be constructed 
over a per iod of three years [ ER , Vol . 1 ] ) .  Affected wildl ife should return 
to normal behavior patterns upon cessat ion of construct ion act ivit ies . Th is 
i s  especially appl icable to wildl ife currently uti l i z ing the shrub/grassland 
and wetland hab itats on the ex i s t ing r ights-of-way . 

Relat ively mobile  spec ies that inhab i t  or util ize areas to be affected by 
construct ion would be d isplaced to ad jacent areas where , i t  is assumed , they 
would find sui table hab itat . However ,  this would depend on the existing 
carry ing capac ity of the adjacent areas . Th is could subj ect d i splaced species 
to greater compet i t ion fo r hab itat or food resources . If a g i ven spec ies is 
at its carry ing capac ity , then the total number of ind i viduals would l i kely be 
reduced ( Dvorak et al . 1 978 ) . Because the forest hab i tat to be lost i s  only a 
small percen tage of that occurr ing in the s tudy area , i t  is  an tic ipated that 
the unaffected forest areas could support d isplaced indiv idual s . Smaller or 
less mob ile spec ies might be destroyed by cons truction ac t i v i t ies . 

Wildl ife in adjacent areas ( both fores ted and ex ist ing r ights-of-way ) may 
also be d i splaced or d i s turbed dur ing construct ion by the level of human 
act ivity and noise at the cons truct ion s ites ( ER ,  Vol . 1 ) .  Thi s  would apply 
to an imals w i thin aud itory or v isual range of construction act i v i t ies . Heavy 
mach inery ( the an t ic ipated source of most no ise ) produces just under 90 dB at 
1 6 m ( 52 ft ) , w ith noise intensity decreas ing at the rate of 6 dB per doubl ing 
of distance ( U . S .  Envi ronmental Protect ion Agency 1 9 74 ) . Values between 50 
and 90 dB can cause annoyance ( Cheremis in off and Cheremis inoff 1 977 ) . Thus , 
in theory , an imals w ith in 2 , 000 m ( 6 , 500 ft ) of cons truct ion might be somewhat 
d isturbed by no ise from heavy mach inery . In  ac tual ity ,  trees and other 
barriers ( e . g .  , h i lls ) would cause a loss of energy in sound waves , so the 
effective range of annoyance would be reduced . The consequences of noise ( or 
v isual ) d istract ions to an imals are not well documented , so it  is  difficult to 
pred ict how much impact these sources would actually have on the local fauna 
( Soholt and Bynoe 1 982 ) , but i t  is expected to be smal l .  Nevertheles s ,  if 
reproducti ve hab i tat is  temporarily abandoned , a local ized impac t to the 
following season ' s  wildl ife populat ions might result ( U . S .  Department of 
Energy 1 9 7 8 ) . 
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Clear ing would resul t in the loss of only a small fract ion of the forest 
habi tat in the s tudy area ( Sect ion 4 . 1 . 2 . 3 ) . However , the types of hab itat 
lost versus the types of hab i tat  created are important considerations when 
assessing the overall impact  of clear ing operations . Also , regardless of the 
habi tat type cleared , some adverse impacts may occur to wildl i fe populat ions 
unt il vegetat ion is  restored ( U . S .  Depar tment of Energy 1 978 ) . 

A number of investigators have examined the impact of clearing and r ight­
of-way managemen t  on w i ldl ife ( e . g . , Arner 1 9 77 ; Asplundh Envi ronmental 
Services 1 97 7 ; Carvell and Johnston 1 978 ; Galv in and Cup i t  1 979 ) . Generally , 
r ight-of-way ma intenance results in the presence of wildl ife species that 
prefer open hab itat w i th few large trees . These spec ies are often those 
characteristic  of early s tages of plant commun i ty success ion , such as are 
found in abandoned farm fields or in areas of postfire regeneration . Over 50 
spec ies of wildl ife in the reg ion are frequently found inhabit ing early 
successional s tages of vegetation ( U . S .  Department of Energy 1 978 ) . 
Maintenance of a clearcut strip  in an area of extens ive forest offers a more 
d iverse hab i ta t  than pure forest s tands and supports a greater d iver s i ty of 
wildl ife ( Mayer 1 976 ; Johnson et al . 1 9 79 ; Ge ibert 1 980 ; Cavanaugh et al . 
1 976 ; Kroodsma 1 982 ) . Thus , the creat ion of forest edge should enhance 
hab i tat for species typical of open or edge areas , but it would be somewhat 
detr imental to spec ies that are more restri cted to forest habitat . Thi s  would 
result e i ther through compet i t ive in teract ions w i th edge-inhab it ing spec ies or 
through habi tat reduct ion . 

Following all clear ing ( select ive and nonselective ) ,  the corr idor would 
be maintained pr imarily by select ive appl icat ion of herbic ides . I t  has been 
shown that w i ldl ife use of r ights-of-way and herb ic ide use are compatible 
( Carvell and Johnston 1 978 ; Asplundh Env i ronmental Services 1 977 ) . The 
available data ind icate that proper use of herb ic ides in r ight-of-way 
management does not pose a tox i colog ical threat to w i ldl ife individuals or 
populations . The planned use of herb icides along the proposed route would be 
s imilar to that in the ex isting rights-of-way and should not threaten 
wi ldl ife . The Appl ican t is committed to apply herb icides in accordance with 
Massachusetts and New Hampsh i re regulations . 

Al though the pr imary impacts to wi ldl i fe would result from alterat ion of 
habi tat in the r ight-of-way , there are potent ial impacts from the presence of 
the l ine--coll i s ions of b irds w i th s tructures or conductors and electrocution 
of b irds . Raptors and waterbirds are part icularly sensi t ive to such problems 
( Stalmaster and Newman 1 978 ; Swensen 1 979 ; Erwin 1 980 ; L iddle and Scorg ie 
1 980 ; Burger 1 98 1 ) .  

There are documen ted stud ies of b i rd mortal i ty from col l is ion w i th 
conductors or structures ( Avery et al . 1 9 78 ; U . S .  F ish and Wildl ife Service 
1 978 ) , but the proposed transmiss ion l ine would not be tall enough to pose a 
ser ious threat to b irds in migratory fl ight . I n  general , migratory fl ight 
occurs at al t i tudes in excess of 1 00 m ( 300 ft ) above the ground surface 
( U . S .  Fish and Wildl i fe Service 1 978 ; L incoln 1 979 ) . However ,  waterfowl 
landing or taking fl ight could str ike components of a l ine passing over or 
immed iately ad jacent to an open body of water . Spec ies such as starl ings , 
red-winged blackb irds , and shorebirds that fly fast at low al t i tudes and in 
tight flocks also are vulnerable to cell is  ions ( Meyer and Lee 1 98 1  ) . S ince 
structures for the 450-kV DC l ine would be only 4 .  6 to 9 .  1 m ( 1 5  to 30 ft ) 
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above exist ing 230- and 345 -kV AC l ine structures , the incremental risks of 
col l is ion would be min imal . 

There is  general agreement in most publ i shed stud ies that b i rd losses to 
overhead w ires are not biologically s ignificant ( Beaulaurier et al . 1 984 ; 
Meyer and Lee 1 98 1 ; Stout and Cornwell 1 976 ) . Nevertheless , some concern for 
col l is ion potent ial may be warranted . For transmiss ion l ine corr idors 
carry ing more than one power l i ne , the wires can be a maj or obstacle . Th is is 
especially true for pan ic-str icken flocks of birds or for b i rds fly ing in 
inclement weather ( Jaroslow 1 979 ) . The mos t  lethal of four study areas 
analyzed by Andersen-Harild and Bloch ( 1 97 3 )  was one contain ing 1 2  w i res at 
ei ght d i fferent levels . An average of n ine dead b i rds per day per 1 0  km 
( 6 . 2 mi ) of power l ine was noted . There would be several corr idor sect ions in 
Massachusetts that would conta in over 20 wires pos it ioned at a min imum of five 
d i fferent levels ( �  12  m [ 40 ft ] he ight d i fferent ial from lowes t to highest 
w i r e )  ( ER ,  Vol . 2--Figures I I -6  through I I - 1 5 ) . 

Electrocut ion can occur when an an imal makes contact with two energ ized 
conductors or w i th one energ ized conductor and a shield wire or grounded part 
of the support structure . Historically , this has been a problem only with 
large raptors ( such as eagles ) .  Min imum clearances between conductors on the 
proposed l ine ( >3 m [ 1 0  ft ] )  would ensure that such a poss ibil ity does not 
exist . Spark d i s charges to w i ldl ife or l ivestock under the l ine are also 
unl ikely because max imum vol tage buildup ( 0 . 07 kV ) in objects beneath the l ine 
is  not expected to be suffic ient for such occurrences ( Johnson 1 982a ) . Spark 
d i scharges occur at levels of about 5 to 7 kV ( see Sect ion 4 .  1 . 8 . 2 ) . 

Other impacts to w ildl i fe stemming from transmiss ion l ine operat ion 
( e . g . , a i r  ions , magnet i c ,  and electric field effects ) would be s imi lar to 
effects on human health and safety as discussed in Sect ion 4 . 1 . 8 .  

4 .  1 . 4 . 2  Aquatic  

Construct ion act iv i t ies ( espec ial ly construct ion of access roads ) 
involving stream cross ings would be the principal sources of potent ial impacts 
to aquatic biota . The potent i al impacts would include ( 1 )  changes in water 
temperatures result ing from removal of r ipar ian vegetat ion , ( 2 )  habitat 
destruction or mod ificat ion result ing from instream construct ion ac tivit ies , 
and ( 3 )  downstream increases in turb idity and sed imen tat ion result ing from 
eros ion and stream sed iment d i splacement at the cons truct ion s ite . These 
impacts can be expected , in vary ing degrees , for every stream cross ing 
affected by cons truct ion of an access road or some near-stream vegetat ion 
clearing . The sever ity of impact result ing from such construction would 
depend upon several factors , such as ( 1 )  season of construct ion , ( 2 )  stream 
size , ( 3 )  corr idor w idth to be cleared , ( 4 )  construction procedures , and 
( 5 )  existing habi tat qual ity ( Dehoney and Manc ini  1 982 ) . General ly , the 
smaller streams would have the greatest potent ial to be impacted because they 
have less abi l i ty to assimi late ( d ilute ) introduced sol ids and are more 
affected by removal of r ipar ian vegetat ion . Ephemeral stream channels also 
may be disturbed , espec ial ly in late summer ,  when they are not eas ily detected 
( I rland 1 985 ) . Overal l ,  ponds and lakes ( includ ing reservoirs ) should not be 
d i rectly impacted because all attempts would be made to route l ines to avoid 
such aquatic  systems or to span them . Currently , only Wh itt ier Pond in 
Hopk inton and an unnamed pond of a tr ibutary of Musquash Brook in Hudson may 
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have s tructures o r  foundat ion pads placed a t  the edge or , poss ibly , extend ing 
into them . 

Stream temperature al terat ion is  reported to be one of the most 
s ign ificant impacts result ing from clear ing of r ipar ian vegetat ion ( Herr ington 
and Heisler 1 973 ) . For the proposed proj ec t ,  however , only a short l inear 
di stance would be cleared for the proposed l ine and/or access road at any 
stream cross ing , and it is doubtful tha t s ign ificant thermal increases would 
occur . In add i t ion , results of several stud ies ind icate that low-growing 
vegetat ion can effect ively shade smaller streams ( Brown 1 979 ; Fred r icksen 
1 97 1 - 1 972 ) . Case h i s tor ies of r i ghts-of-way in New York have shown that 
impacts on stream temperatures were neg l i g ible ( Holewinski 1 98 1 ) .  

Disturbance of instream hab itat can have an immed iate and local ized 
impact on aqua t ic  b iota , but turb id i ty , and espec ially sed imentation , can 
result in greater and more widespread b iolog ical impacts . Because of their  
relat ive immobi l i ty ,  eggs and larvae of fish and macro invertebrates would be  
most adversely affected by  increases in  s i ltat ion and turb id ity . Adult fish 
would l i kely vacate the area and avoid many of the ac tivities associated with 
stream cross ing cons truct ion ; however , instream construct ion activi ties could 
interfere w ith spawn ing migrat ions ( Dehoney and Mancin i 1 982 ; Busdosh 1 982 ) , 
and increased s i l ta t ion could d isrupt fish reproduct ion by cover ing potent ial 
spawn ing grounds ( Karr and Schlosser 1 978 ) . The locat ions where access road 
stream cross ings would mos t probably be requ ired ( e . g . , streams less than 3 m  
[ 1 0 ft ] wide ) , coup led w ith the phys ical character istics often chosen for the 
cross ing areas ( e . g . , gravelly r i ffles ) ,  essent ially coinc ide w i th the hab i tat 
used by the salmon ids for spawn ing . Shel ton and Pollock ( 1 966 ) found that 
when only 1 5% to 30% of gravel interst ices were filled w i th sed iments , 85% 
morta l i ty of salmon eggs occurred . There are 1 1 2 streams less than 3 m 
( 1 0 ft ) wide along the proposed route ( ER ,  Vols . 7 and 8 ) . S ince much of the 
proposed route coinc ides w ith existing r ights -of-way , access used for 
cons truct ion or ma in tenance of the existing l ines may also be used for the 
proposed l ines . However ,  it  can be assumed that new access roads will  be 
requ ired across some streams and that some exist ing access will  require 
upgrad ing . In  such s i tuat ions , s treams could be subj ected to the above­
ment ioned impacts . 

Fol lowing cons truct ion , fish could be impacted as a resu lt  of improper 
des ign characterist ics , such as improperly des igned culverts . Installat ion of 
improper culverts and use of unsu itable ( unstable )  fill material could lead to 
complete washout of a s tream-crossing embankment . This resul ts in the mos t  
severe incidences of erosion stemming from highway development and is 
respons ible for the greatest percentage of fish passage problems ( Dryden and 
Stein 1 975 ) . Improperly s ized culverts can el iminate fish spec ies from a 
stream through blockage of migration , particularly upstream spawn ing runs , and 
spawn ing downstream of the blockage may be hampered by overcrowd ing--forc ing 
fish to spawn in marg inal areas , avo id the sys tem , or not spawn at all ( Dryden 
and Stein 1 975 ) . Add i t ional ly , improperly s tab il ized ban ks and improperly 
sized culverts may cause long-term eros ion . 

During operat ion of the transmiss ion l ine , aquatic sys tems may be 
impacted from ma intenance act i v i t ies , primar i ly vegetat ion con trol . However , 
requ ired vegetat ion cont rol near s tream cross ings should be infrequent and of 
a much lower degree of act ivity than would occur during cons truct ion . For 
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example , instream d isturbances would not be requi red and only selected trees 
might have to be removed or tr immed . Vegetative control near streams might 
temporar i ly increase streambank eros ion due to the act ivity of men and 
machinery . Impacts would be s imilar to those d iscussed for construct ion . The 
acc idental release of tox i cants ( e . g . ,  gasol ine , lubricants , and herbic ides ) 
could cause the most impacts dur ing operat ion . 

F i sheries can be impacted by human act ivity ( e . g . , off-road vehicles ) 
that hinders revegetat ion and thus prolongs erosion and related perturbat ions 
to streams ( Galvin 1 979 ) . However , such potential impacts are not expected to 
increase as a result of the proposed project because public  access via access 
roads or the transmi ss ion l ine rights -of-way is  al ready well establ ished . 

As ment ioned , the smaller streams would have the greatest potent ial to be 
impacted . The majo r i ty of these streams are potent ial coldwater trout streams 
( Sect ion 3 . 4 . 2 ) . However , only about eight streams less than 3 m  ( 1 0 ft ) wide 
have been documented as con taining spawning trout populat ions ( ER ,  Vol . 7-­
Table I I I -3 ,  Vol . 8--Table I I I - 3 ) . Approximately 25 other small streams are 
documented to con ta in trout , but they are mostly s tocked . Even some of the 
streams w i th spawn ing trout are supplemented by stocking . Only in a very few 
instances could spawn ing populat ions be affected , and impacts would be offset 
by subsequent s tocking . Add itionally , d i srupt ion of act i v i t ies such as 
migration would only be temporary because stream disturbances would not be 
expected to last more than a few days , whereas fish migrat ion occurs over a 
per iod of days to weeks ( Geen et al . 1 966 ) . 

The l i kel ihood of long-term impacts to aquatic  ecosystems from the 
proposed transmiss ion l ine fac i l i t ies would be small . Al though impacts 
result ing from cons truct ion ( e . g . , erosion and subsequen t increases in 
turb id i ty and sed imentat ion ) may occur , they would be local ized , short-term , 
and revers ible . Stream recovery ( return to near the original b iolog i cal and 
phys ical cond it ions that exi sted prior to cons truction ) is often est imated to 
occur w i thin a year and as rap idly as s i x  weeks ( Dehoney and Mancini  1 982 ) . 
The poten t ial fo r s ign ificant adverse impacts would be min imized i f  the 
mit igat ive measures committed to by the Appl icant are properly implemen ted . 

4 . 1 . 4 . 3  Wetlands 

In response to Executive Orders 1 1 988 ( Pro tect ion of Floodplains ) and 
1 1 990 ( Protection of Wetlands ) ,  DOE Rules and Regulat ions ( 1 0 CFR 1 022 ) 
require that a floodplain /wetland assessment be prepared wh ich : desc r i bes the 
project , d iscusses the effects of the project on floodpla ins and wetlands , and 
identifies al ternat ives includ ing mit igat ing measures . Th i s  assessment is 
provi ded in Append i x  B ,  the resul ts of which are briefly summarized below . 

Al though construct ion activ i t ies would avo id we tland areas where 
poss ibl e , al l such areas cannot be avo ided . Therefore , some adverse impacts , 
pr imar i ly  tempora ry , would occur dur ing construc t ion , str ing ing operat ions , 
and following construc t ion . These impac ts , d iscussed in more deta il in 
Append i x  B ,  would be minor and largely revers ible . Long- term impacts to a 
min imum amount of wetlands would occur from structure placement and access 
roads . Th is has been conservat ively est imated to preempt a max imum of 7 . 7  ha 
( 1 9 . 0  acre s )  out of 2 1 4 . 9  ha ( 53 1 . 0  acre s )  of wetland hab itat w i th in the 
Phase I I  rights-of -way ( ER , Vols . 7 and 8 ) . The minor amount of floodplain 
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habi tat to be affected by structure placement and access roads would have a 
min imal amoun t of impact to 
di scussed ( Sect ion 4 . 1 . 4 .  1 ) .  
measures re commended by DOE 
minimize we tland/floodplain 
Append ix B ) . 

terrestrial b iota , simi lar to that prev iously 
This evaluation is based upon mit igative 

staff and commi tted to by the Appl icant to 
impacts ( see Sections 2 .  1 . 5 ,  4 .  1 . 1 0 . 4 ,  and 

4 . 1 . 4 . 4  Threatened and Endangered Spec ies 

Sect ion 3 .  4 .  4 iden t i f ies consul tat ive and coord inati ve efforts carr ied 
out by DOE and the results of these efforts . 

Vegetation 

There are no plant spec ies on the federal l i st of threatened and 
endangered plants that are l i kely to occur along the proposed transmission 
line corridor ( see Sect ion 3 . 4 . 4 . 1 ) .  Plants cons idered rare to the study area 
have been found in the v i c i n i ty of the proposed route . However , these spec ies 
e i ther occur in hab itats that would be generally avo ided by cons truct ion 
( e . g . , wetlands ) or have been de termined not to occur on the proposed r ight­
of-way . 

F i sh and Wildl ife 

A number of s tate and federally l i s ted threatened and endangered spec ies 
of fish and w ildlife could be affected by the transmiss ion l ine ( see Table A . 9  
in Appendix A ) . The maj or potential for impact is associated with clear ing 
of forest habitat for the ri ght-of-way and , for b irds , the poten tial of 
col l i s ions w ith the structures . All of the species l i sted in Table A . 9  are 
wide rang ing , w ith populat ions extend ing throughout at least New Eng land , 
albe it sparsely . Therefore , loss of a minor fraction of available hab i tat is 
unl i kely to result in a reduct ion in numbers of these protected spec ies ; in 
some instances , more preferred hab itat would be establ ished . Also , as 
d iscussed for b i rds in general ( Sect ion 4 . 1 . 4 . 1 ) ,  the potent ial for impact 
related to w ire strikes is  neglig ible . 

4 . 1 . 5 Soc ioeconom ics 

The construction phase of the proposed proj ect would have minor short­
term impacts on the local economy , hous ing , and transportat ion . The proj ect 
would create local short-term employment opportuni ties , but would not have 
s ign ificant impact on the unemployment rate . Construct ion act i v i t ies would 
occur dur ing 1 987- 1 990 and would result in a peak work force of about 
550 people . The Appl ican t est imates that 30% to 40% of the work force would 
be hired loca lly ( ER ,  Vol . 2--p . 1 9 3 ,  Vol . 3--p . 205 ) .  Minor short- term 
benefits to the local economy would resul t from project expend i tures on 
equ ipment ,  service� , and payrolls . 

The influx of construct ion workers would increase short -term demand for 
temporary lodg ing ; however ,  s ince the wor k  force would be d i s tr ibuted in small 
un its (2  to 20 persons ) along the proposed route ( ER ,  Vol . 2--pp . 1 9 2- 1 93 ,  
Vol . 3--p . 204 ) , housing shortages would be un l i kely . Res iden t ial property 
values would probably not be affected , given the establ ished presence of 
mul tiple transmiss ion l ines on the r ight-of-way . 
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Movement of heavy equipment and trucks on access roads dur ing 
construct ion ac tivi ties could adversely affect local traffic flows and 
increase local levels of no ise and of fug it ive dust . This might be mit igable 
to some extent through judic ious cho ice of routes and pr ior notificat ion ( ER ,  
Vol . 2--p . 1 93 ,  Vol . 3--p . 205 ) . 

4 . 1 . 6 V i sual Resources 

4 .  1 . 6 . 1 V i sual Impacts Analy s is Cr i teria 

The me thods for establ ishing the study area and evaluat ing the visual 
qual ity of the exist ing environment in te rms of lands cape types are d iscussed 
in Sect ion 3 . 6 .  The follow ing methodology is or iented toward assess ing 
poten t ial v isual impacts related to the proposed proj ect . 

The DOE Staff has rev iewed the App l i cant ' s  methodology for evaluat ing 
visual impacts associated w ith the proposed proj ect , as presented in the ER 
( Vol . 7--Sec . I I I . C . 2 . c ,  p .  1 04 ;  Vol . 8--Sec . I I I . C . 2 . c ,  p .  1 08 ) . In view of 
the comprehens i ve nature of the methodo logy and the generally low level of 
proj ect-related impacts ant ic ipated , a detai led descript ion of methodology is 
not presented here . However ,  some discuss ion of termino logy and analytical 
procedures is  necessary for comprehens ion of project-related impacts addressed 
in Section 4 . 1 . 6 . 2 .  

I n i t ial analy t ical procedures inc luded establ ishing van tage po ints w i thin 
project study areas from wh ich the proposed transmiss ion fac i l i t ies could be 
observed . Vantage po ints were ident ified from available data sources and 
general field surveys and were recorded as " I nventoried Assessment Points" 
( l APs ) . Each l AP was invest igated through field reconna issance and map 
analys is . In ins tances where the proj ect-related vi sual impacts cou ld be 
ranked as no or min imal impact , the appropr iate ranki ng was recorded and no 
further analyses were undertaken . In the event that the visual impact at a 
given l AP exceeded the min imal level , the l AP was des ignated as a " V i sual 
Assessment Po int" ( VAP ) and the impacts were further evaluated by four ty pes 
of analyses ( ER ,  Vol . 7--p . 1 05 ) . Results of evaluat ions for a g i ven VAP were 
ass igned one of five relative ratings to reflect the degree of impact-- i . e . , 
low , low-moderate , moderate , moderate-h igh , or high . These rankings , as well 
as the no or min imal impact rank ings for l APs , are used in the fol lowing 
descript ions of project-related vi sual impacts . 

4 . 1 . 6 . 2 V i sual Impacts of Corr idor Segments and Bu ild ing S i tes Within 
Project Study Areas 

The follow ing di scussions of project-related vi sual impacts correspond 
with the sequence of segmen ts within project study areas established in 
Sections 3 . 6 . 2  and 3 . 6 . 3 .  In all cases , construction act ivities and equipment 
related to the proposed proj ect would result in short- term adverse visual 
impacts . 

New Hampsh i re 

Segment A- - l APs established w i thin th is 60-km ( 37-mi ) landscape segment 
included 1 02 si tes , of wh ich 24 were identi fied as VAPs . The highest rat ing 
of impact ass igned was moderate for each of eight VAPs . Gi ven the development 
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plans for the proposed l ine , the overall visual impact for th is segment would 
be rated as low . The low rat ing would largely be due to the densely fores ted , 
hilly to low moun tainous terrain that would screen and obs truct views of the 
proposed l ine , as well as l imit  view ing distances . Furthermore , this segment 
of the study area is primar ily rural in character w i th l imi ted areas of urban 
and commerc ial development ;  thus , the number of viewers would be comparat ively 
low . The proposed l ine wou ld parallel two existing transmiss ion l ines for all 
but about 1 . 3 km ( 0 . 8  mi ) .  The visual effects related to the proposed l ine 
would be incremen tal to those of the two exist ing l ines for virtually the 
entire length of the segment .  

Segment B--Analysis  of this 93-km ( 58-mi ) segment of the study area 
resulted in the evaluat ion of 1 58 l APs , of which 2 1  were ident i f ied as VAPs 
( ER ,  Vol . 8--p . 1 32 ) . The h ighest level of ass igned v isual impact was rated 
at moderate-high impact , involving four VAPs ; the associated impact areas 
include highway and b i ke route cross ings ( U . S .  202 , SRs 9/ 1 03 and 1 1 ) ,  
Wh itt ier and Pillbury ponds , and the vil lage of Groton , includ ing an ad jacent 
road ( ER ,  Vol . 8--Table I I I - 1 0 ) . The overall impact level for this segment 
was rated as low-moderate visual impact .  Assessmen t s i tes in the nor thern 
portion of this segment tend to correspond with natural landscapes , 
recreat ional areas , and road cross ings . To the south , assessmen t po ints tend 
to correspond with resident ial areas and thus would involve a greater number 
of viewers . The proposed l ine would paral lel two ex ist ing l ines ; thus , the 
v isual effects related to the proposed l ine would be incremental to those of 
the existing l ines throughout th is segment of the study area . 

Segment C--A total of 1 5 1  l APs were establ ished w i thin this 42-km ( 26-mi ) 
landscape segment ,  of wh ich 26  were identified as VAPs . The highes t project­
related level of visual effects is rated at moderate-high impact , and involves 
four VAPs . The assoc iated impact areas include the Kennedy Hill  farm , SR 1 1 4 
( paralleled and crossed ) ,  the Terrell Hill  and Back River Road cross ings , and 
areas adjacent to the Back  River Road . This lands cape segment recently has 
undergone extensive res ident ial and commercial development .  Subd ivis ion and 
roads ide res idences const i tuted 68 of the establ ished I APs . In view of the 
v isual effects re lated to e x i s t ing transmiss ion l ines paral lel ing the proposed 
route , the scattered distr ibut ion of large res idential and commercial 
s tructures , the fragmented patterns of vegetation , and the low landscape 
qual i ty of th is segment ,  the incremental in crease in vi sual impact related to 
development of the proposed l ine would generally be of minor consequence . 

Ground Electrode S i te--The ground elec trode s i te is  located in a 
relatively remote area of a property owned by the u t i l i ty ( ER ,  Vol . 8-­
p .  1 39 ) . Forest vegetat ion would be cleared from about 1 . 6 ha ( 4 . 0  acres ) for 
the proposed ground elec trode s ite and a 1 5 -m ( 50-ft ) wide co rr idor about 
300 m ( 1 000 ft ) long . An electrode feeder l ine would be bu i l t  w i th in the 
corridor to connect the proposed terminal w i th an ex isting electrode feeder 
l ine . Wooden poles support ing the feeder l ine connector would be well below 
the height of adjacen t vegetat ion . Therefore , no mean ingful v i sual impact 
would be expected . 

Massachusetts 

Segment A--Within th is 1 9 . 6-km ( 1 2 . 2-mi ) segment of the Massachusetts 
study area , a total of 42 I APs were establ ished , of wh ich only seven were 
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later designated as VAPs . Given the development of the proposed l ine , the 
overal l assessment for the segment is a low-moderate visual impact rat ing ( ER ,  
Vol . 7--p . 1 2 1 ) .  The h ighest impact rating assigned was moderate-high for the 
State Route ( SR )  1 1 9/225 cross ing of the proposed route . Two moderate ratings 
were assigned , also involv ing highway cross ings ( U . S .  3 and SR 40 ) . Widen ing 
the cleared port ion of the exist ing r ight-of-way w i thin thi s  segment and 
development of the proposed transmiss ion l ine would incrementally increase the 
v i sual impacts associated w i th the existing transmiss ion l ine presently 
occupy ing the r ight-of-way . However , the vegetat ion and roll ing to hilly 
terrain would tend to l imit  v iew ing distances and otherwise obstruct v iews of 
the two l ines . 

Segment B--Assessment of this 58-km ( 36 -mi ) segmen t enta iled estab l i shing 
1 44 l APs , of wh ich 40 were identi fied as VAPs . The overal l assessment of the 
segment was rated as low-moderate visual impact ( ER ,  Vol . 7--p . 1 22 ) . The 
proposed rou te would parallel existing transmiss ion l ines for all but 0 . 8  km 
( 0 . 5 mi ) near the Millbury No . 3 substat ion . Thus , compatibil ity rat ings for 
the proposed l ine would tend to be moderate or moderate-high ; these rank ings 
are equivalen t to relat ively low visual impacts . Mos t  v isual impact areas in 
this segmen t are related to res idential developmen ts and highway cross ings . 
About 6 %  of assessment po ints in the segment involve rat ings of moderate-high 
v isual impacts ; the impact areas include the Wachusett Reservo i r , a Nat ional 
Hi storic Monumen t ,  three res ident ial-commercial areas , and four hi ghway 
cross ings . 

Segment C--A total of 73 l APs were establ ished along th is 26-km ( 1 6-mi ) 
segment , of wh ich 1 7  were ident ified as VAPs . On ly two of these VAPs rated 
moderate-high impact levels , i . e . , the Janock and Carp Road subd ivis ion and 
the SR 85 cross ing . Five moderate impact rat ings were ass igned , va riously 
involving local streets and/or s tate and federal highways . Vegetat ion 
clearing would create greater po tent ial for v iew ing the r ight-of-way in this 
segmen t ,  but the proposed li ne would parallel existing transmiss ion l ines 
throughout the segment . Thus , the result ing impact would be incremental . The 
overall assessment for this segment is rated a low-moderate visual impact ( ER ,  
Vol . 7--p . 1 24 ) . 

Conver ter Terminal S i te--S i te clear ing and development of the proposed 
terminal fac i l i t ies would drast ically alter the character of the s i te .  
However , the proposed terminal s ite is bounded by wooded rol ling topography on 
the northeast ,  north , and most of the west s i de of the s ite . The s ite is 
otherwise surrounded by gravel p its , an industr ial s i te ,  the Boston and Ma ine 
freightl ine and yard ing area , and transmiss ion fac i l i t ies and rights-of-way . 
Thus , the development of the proposed terminal would be of minor consequence 
w i th respect to v isual resources . 

Construction Laydown and Stag ing Areas 

Small areas of 0 . 4  to 0 . 8  ha ( 1  to 2 acres ) would be developed at various 
intervals along the proposed transmiss ion l ine segments to serve as 
construction laydown and stag ing areas ( ER ,  Supplement ,  Response No . 9 ,  
September 29 , 1 985 ) . Developmen t of these areas and the related cons truct ion 
act ivity would degrade the quality of local landscapes . S ince locations of 
s taging areas are not normally ident ified pr ior to i n i t ial construct ion , the 
related v isual impacts are currently unknown . However ,  following proj ect 
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construction , the stag ing areas would be reclaimed and restored to cond it ions 
s imilar to those exist ing prior to construct ion ( ER ,  Supplement ,  Response 
No . 7 ,  September 27 , 1 985 ) ; thus , no s igni ficant long-term visual impacts 
would be expected . 

I n  summary , the overall v isual impacts for both the New Hampshire and 
Massachusetts port ions of the proposed transmiss ion l ines are ranked as low­
moderate ( ER ,  Vol . 7--p . 1 25 ,  Vol . 8--p . 1 35 ) . 

4 . 1 . 7 Cul tural Resources 

On the bas is of exi sting informat ion , it does not appear that any s ign i­
ficant archeolog ical s i tes would be adversely affected by the proposed 
act ion . However , this issue w i l l  not be fully resolved un til  the appropr iate 
State Histor ic Preservat ion Officers ( SHPOs ) ( and , if  necessary , the National 
Park Servi ce and the Advi sory Council  on Histor ic  Preservat ion ) have rev iewed 
the pert inent data . I t  should be noted that impacts to archeolog ical s ites 
could occur if des ign mod ificat ions ( e . g . , al tered structure locat ions ) were 
in troduced pr ior to or during construct ion . 

A large number of s ign ificant historic  structures are s i tuated in 
pro x imity to the proposed r ight-of-way . Under the Crite r ia of Adverse Effect 
( 3 6 CFR 800 . 3b ) , it is apparent that many of these structures could be exposed 
to "v isual . . .  elements that are out of character with the property . '' However , 
these effects seem unl ikely to exceed those of the existing r ight -of-way ; th is 
matter is  also under review by the New Hampshire and Massachusetts SHPOs 
( New England Power 1 986a , 1 986b ) . 

4 . 1 . 8 Health and Safety 

Health and safety issues related to the operat ion and ma intenance of the 
transmiss ion l ines would center around potent ial effects from electric and 
magnetic fields , a i r  ions , induced current and /or spark discharges , aud ible 
noi se , ozone product ion , and use of herb ic ides . Potential effect on card iac 
pacemakers is  also an i ssue of concern . Both DC and AC transmission l ines 
would be constructed in conjunction with the proposed project . Because of 
di fferences in the electrical character ist ics of the two systems , potent ial 
health and safety issues for AC and DC l ines are d iscussed separately . 
Add i t iona1 ly ,  s ince most of the proposed DC l ine will  be routed w i thin 
exist ing AC corr idors , a d iscuss ion of potent ial comb ined effects of AC and DC 
operat ion is  also included . 

4 . 1 . 8 . 1 DC Effects 

Informat ion presented in the Phase I EIS ( U . S .  Department of Energy 1 984 ) 
supports the conclus ion that operat ion of the DC l ine would generally have 
negligible effects on health and safety . I nformat ion pub l i shed s ince that 
t ime does not alter the conclus ions reached in that documen t .  Much of this 
newer informat ion is summar ized in the ER , Vol . 5a ( New England Hydro­
Transmission Corp . and New England Hydro-Transmiss ion Electr i c  Co . [ NEHTC and 
NEHTEC ] 1 985a ) . A per t inen t summary of the potent ial adverse effects of DC 
transmiss ion l ines is presented in the fo llowing subsect ions . 
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Electr i c  and Magnetic Env i ronment 

The elect r ic  field associated w i th a high-voltage DC transmiss ion l ine is 
produced by the electric charges on the separate pos i t ive and negat ive 
conductors ( l ines ) and by the space charge generated by corona ( Bracken 1 979a , 
1 979b ; Johnson and Zaffanel la 1 982 ) . Charges on the transm iss ion l ine produce 
a static elect r ic  field ; the field produced by the space charge is h ighly 
var iable . The intensity of the electr ic field--measured in vol ts ( V )  or 
k i lovolts ( kV )  per un it  d i stance--is  greatest at the conductor surfaces and 
decreases rap idly as one moves away from the conductor , vertically or 
hor izontally . In the absence of corona , the electric field i s  composed only 
of the static electr ic field ; whereas dur ing intense corona , the space charge 
can be several t imes that of the s tatic field ( ER ,  Vol . 5a ) . 

Corona ( the par t ial breakdown of air  into charged par t icles ) begins to 
occur when the surface voltage grad ient on the conductors exceeds the 
threshold or onset value of the surround ing air . When the electr ic  field 
intens ity at the HVDC conductor surface exceeds approx imately 2500 kV/m , 
corona can resul t .  Transmiss ion 1 ines are des igned to con trol levels of 
corona act i v i ty , but the onset of corona is  influenced by numerous factors , 
includ ing atmospheric  elements , des ign parameters of the l ine , and cond i t ion 
of the conductors . Because field intens ity at the conductor surface is  
dependent upon the smoothness of the surface , corona tends to be increased by 
n icks , scratches , and adher ing dust particles , insects , ice , snow , or water 
droplets . Corona levels for DC systems are highest when surface 
i rregular it ies occur on the conductor ( which may occur dur ing foul weather ) ,  
al though certain effects of corona are probably highest in fa ir weather 
( aud ible noise and radio/televis ion interference ) ( E R ,  Vol . 5a ) . When corona 
occurs , ion pa irs  are generated in the air  near the conduc tors , with a net 
movement of l i ke charges away from each l ine . At d i stances away from the 
conductors the space charge tends to be carried on aerosols rather than small 
ions . Th is occurs because the small-ion density decreases from d iffus ion , 
recombinat ion , movement to earth , and attachment to aerosols . Because of 
the ir  charge , ions and aerosols move under the influence of an electr ic field , 
as wel l as the influence of the w ind , temperature , humid ity , and atmospheric  
compos i t ion ( ER ,  Vol . 5a ) . 

HVDC l ines also create a static magnetic field and an AC magnetic 
field . The static  magnetic field is  produced by the curren t flowing through 
the conductors ; whereas the AC magnetic field occurs from AC current and 
vol tage at harmon ic  frequenc ies of 60 Hz be ing introduced on to the DC l ine by 
the convers ion process from AC to DC ( ER ,  Vol . 5a ) .  At ground level under the 
proposed l ine , the stat ic magnetic field produced by the l ine would be l ess 
than the earth ' s  magnetic field and would decrease with d i s tance from the l ine 
( I ll . Ins t . Technol . Res . Ins t . 1 976 ; Hill  et  al . 1 977 ) . The AC field is  so 
small that it  can be ignored ( Sheppard 1 979 ) . 

Dur ing corona , photons emanat ing from the conductor sur face may strike 
neutral atoms in the a ir . These energ ized atoms may then lose electrons , 
which when accel erated in the local electr ic fiel d ,  may col l ide w i th neutral 
oxygen molecules , caus ing d i ssoc iat ion and reassoc iat ion into ozone molecules 
( H i l l  et  al . 1 9 77 ) . 
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Aud ible noise is  created by the breakdown of air molecules during 
corona . In HVDC systems , electr ic  d ischarge is  greater from the pos it ive 
electr ic pole than from the negative pole . Hence , more aud ible noise is 
generated by the pos i t ive conductor . The negative conductor generally does 
not produce aud ible no ise . Dur ing rain , the large number of ra indrops on a 
conductor can produce corona currents large enough to change the corona mode 
into a nonaud ible type . Peak aud ible noise levels under HVDC systems , 
therefore , generally occur dur ing fair  weather , snowfall , or early ra infall 
( Hi ll  et al . 1 9 77 ; Johnson and Zaffanella 1 982 ) . 

Poten tial Hazards from an Operating High-Vol tage D i rect Current ( HVDC ) 
Transmiss ion L ine 

There is a s izable l i terature on the health and safety aspects of 
operat ing transmiss ion l ines ( Sheppard and E isenbud 1 977 ; Ph ill ips et al . 
1 979 ; Lee et al . 1 982 ; Algers and Henn ichs 1 983 ; Carstensen and Griffin 1 983 ; 
Hauf 1 982 ; Sheppard 1 983a , 1 983b ; Charry 1 984 ; Reilly  1 984 ; Amer i can Ins t i tute 
of B iolog ical Sciences 1 985 ) . However , most stud ies deal w i th AC systems . 
These stud ies have shown that biolog ical sys tems are affected , somet imes 
adversely , by exposure to electric  and magnetic  fields and to air  ions , 
prov ided that intens it ies and durat ion of exposure are of suffic ient 
magnitude . However ,  the maximum electric and magnetic field strengths of HVDC 
systems are not of sufficient magn i tude to e l i c i t  harmful , patholog ical 
effects , al though nonpathological effects may be el ic ited ( U . S .  Department of 
Energy 1 984 ) . Max imum in tens i t ies of the electric fields assoc iated w i th the 
HVDC envi ronment are reached infrequently ( only dur ing per iods of max imum 
corona activity ) and decl ine rapidly with distance from the electr ical 
conduc tors . Moreover , human and l i vestock use of the r ight-of-way is  usually 
per iod ic and of short durat ion ( minutes to hours ) .  Consequen tly , exposure to 
maximum field intens i t ies is  expected to be infrequent . The fol lowing 
d iscusses in more deta i l  the health and safety concerns re levan t to the 
proposed Phase I I  DC transmiss ion l ine . 

Proximity Effects . Coupl ing of an electric field w i th an organism 
creates the potent ial for shock hazard ( Banks et al . 1 982b ; Sheppard 1 983a , 
1 983b ; U . S .  Department of Energy 1 984 ) . Electric  shock results from the 
passage of electric current through the body between two points of unequal 
voltage . Shocks may result from a steady-state flow of current or a 
trans ient , spark d ischarge ( e . g . , a carpet shock of static electricity ) .  
Under an operating transmiss ion l ine such spark d ischarges might occur if a 
grounded human or an imal contacted a larg e ,  stat ionary metal object that is  
wel l insulated from ground ( e . g . , a vehicle or watering trough ) .  Hill  et  al . 
( 1 977 ) measured s teady-state currents of up to 1 75 �A  from 6 1  m ( 200 ft ) of 
fence ( w i th h ighly insulated wooden posts ) parallel ing an opera ting ±600-kV DC 
transmiss ion l ine . Th is compares w i th generally accepted levels of 1 5 , 000-
20 , 000 �A as prov id ing a marg in of safety for operat ing electr ical fences 
( Dalziel and Burch 1 94 1 ; Minnesota Environmental Qual ity Board 1 982 ; Sheppard 
1 983a ) . At any rate , ut i l i t ies metall ical ly ground fences w i thin r igh ts-of­
way as a standard pract ice . On an operat ing test l ine s imilar in structure 
and operat ion to the DC port ion of the proposed interconnect ion , Johnson and 
Zaffanella ( 1 982 ) est imated the highest current collected on a school bus to 
be about 40 �A . Th is is well below the general threshold of perception for DC 
current of 600 �A ( Barthold et al . 1 972 ) and below the National Electric 
Safety Code l imit of 5 , 000 �A establ i shed for contact currents due to electr ic 



4-24 

fields on the largest ant icipated truck , vehicle , or equipment under a 
transmiss ion l ine . 

Tests beneath operat ing HVDC transmission l ines have shown that carpet­
l i ke spark dis charges can occur for persons accumulat ing about 10  kV of 
poten t ial ( Sheppard 1 983a ) . The est imated max imum ( occurr ing <5% of the t ime ) 
accumulated poten t ial is  20 kV , based on an invest igation us ing a test l ine 
with des ign and operat ing character istics very s imilar to the proposed l ine 
( Johnson and Zaffanella 1 982 ) . These vol tage levels would be l i kely only for 
wel l- insulated ind iv iduals near the point of max imum conductor sag dur ing 
summer fair  weather . Shocks assoc iated with voltages of this magnitude are 
cons idered annoy ing but not harmful ( Sheppard 1 983a ) . Johnson and Zaffanella 
( 1 982 ) reported that occasional shocks occurred while persons were active 
beneath a ±450-kV DC l ine s imilar to that proposed by the Appl icant . 

Under worst-case cond itions for DC systems , shocks might be at levels 
considered annoy ing or objectionable . I t  is an tic ipated that such cond it ions 
would be rare and that most shocks would occur at or below min imally 
perce ivable levels . Even though annoy ing shocks might occur occasional ly , 
they would not l i kely result in patholog ical responses . The pred icted levels 
are well below ( 3- to 1 0-fold ) levels assoc iated w i th deleter ious effects 
( Sheppard 1 983a , 1 983b ) . Shocks would be no worse than commonly experienced 
carpet shocks . 

Fuel ign i t ion can occur when objects d i ffering in potential by about 5 to 
7 kV come in con tact ( Hill  et al . 1 977 ) . For a DC test l ine s imi lar in nature 
to the proposed DC l ine , est imated worst-case vol tage induced on a large 
school bus was 7 kV , at the vol tage threshold for fuel ign i t ion ( Johnson and 
Zaffanella 1 982 ) . Aga in , these vol tage levels were l i kely less than 5% of the 
time , in summer fair  weather cond i t ions , near the po int of max imum conductor 
sag , and if the vehicle was well insulated from ground . However , i t  would be 
prudent to ensure tha t large veh icles not be refueled beneath operat ing l ines 
unless the vehicles are well grounded . 

Electric Field Effects . Electr ic fields of the magn i tude that occur in 
HVDC transmission-l ine environmen ts have been al leged to cause a var iety of 
physiolog ical and behavioral effects in humans and other an imals .  There have 
been several rev iews of the l i terature on the biolog ical effects of electric 
fields , includ ing Banks et al . ( 1 982a ) , Sheppard ( 1 983a , 1 983b ) , DOW 
Assoc iates ( 1 980 ) , Minnesota Env ironmental Qual ity Board ( 1 982 ) , Michaelson 
( 1 98 1 ) ,  Scott-Wal ton et al . ( 1 979 ) , Cars tensen and Griffin ( 1 983 ) , American 
Insti tute of Biolog i cal Sciences ( 1 985 ) , Algers and Henn ichs ( 1 983 ) , and 
Sheppard and E isenbud ( 1 977 ) . F ind ings of stud ies in this area have been 
d iverse , rang ing from no evidence of effects to the attr ibut ion of many 
effects due to exposure to electric  fields . Because of the d i vers ity of 
find ings and experimental des igns , as well  as pauc i ty of reproduc ible resul ts , 
it is  d i fficult to prov ide defin i t ive pred ict ions of  effects of transmission 
l ine electric fields . 

Johnson and Zaffanella ( 1 982 ) measured the electr ic  field under a 
" Proj ect UHV" test l ine , which is  s imilar in design and operation to the 
proposed DC l ine . Thei r  results ind icated that max imum electric field 
in tens i t ies in excess of ±30 kV/m could be expected at  mid-span ground level 
dur ing some weather condit ions ( Table 4 . 3 ) . However ,  these max ima occur 



Tabl e 4 . 3 .  Electr ic F ields ( kV/m) Under the Project UHV 
Test Line Operating at ±450 kV DCa 

Negat ive Side Pos i t i ve S ide 

Worst Worst  
-50  me -25 me Pos it iond Pos i tiond +25 me +50 me 

Weather Nb 50% 95% 50% 95% 50% 95% 50% 95% 50% 95% 50% 

Fa ir ( winter ) 1 4 , 073 -2 -5 -5 -8 - 1 2  - 1 5  +8 + 1 1 +3 +6 + 1  

Fair ( summer ) 1 6 '  1 00 - 1  -3 -8 - 1 2  - 1 7  -26 + 1 9  +29 +4 +8 +2 

Snow 9 , 003 -3 -7 -5 - 1 2  - 1 2  - 23 + 1 0  + 1 7  +4 + 1 0  +2 

Fog 4 1 1  - 1  -2 -4 -8 - 1 3 - 26 + 1 2  +24 +6 + 1 1  +3 

Fros t 1 , 590 -5 - 1 0 -8 - 1 5  - 1 3  -23 + 1 2  +20 +6 + 1 3  +5 

Freez ing rain 1 ' 1 29 -5 -8 - 1 2 - 1 6  -27 - 32 +23 +29 + 1 0  + 1 7  +2 

Ra in 1 , 5 8 1  - 1  -4 - 1 1  - 1 5  -30 -34 +29 +32 + 1 4 +6 +2 

a Electric fields were mon itored continuously ; measured under po int of min imum conductor 
he ight of 1 1 m ( 37 ft ) ; 50% = median value and 95% = absolute value below wh ich 95% of 
the measurements occurred . 

b Number of records per weather cond it ion . 
c These pos i tions represent distances from cen terl ine between pos itive and negat ive 

conductors ; distances approx imate the distance to edge of r ight-of-way above Sandy Pond 
( 50 m) and below Sandy Pond ( 25 m) from center line . 

d Highest absolute values were obtained at about -6  and +9 m from centerline dur ing winter 
months and about -9 and + 1 2  m in later months .  

Source : Based on curves presented in John son and Zaffanella ( 1 982 ) . 
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infrequently ( l ess the 5% of the measurements ) ,  with field intens ity decl ining 
rapidly as one moves from the centerl ine of the system and as one moves away 
from the po int of max imum conductor sag . 

For the proposed Phase I I  DC l ine , the med ian electr ic field strength at 
ground level during fair weather under the pos i t ive conductor is  ca lculated to 
be in the range of 8 to 1 6  kV /m , with cal culated fa ir weather extremes of 
20 kV/m under the negat ive conductor and 24 kV/m under the pos itive 
conductor . Dur ing foul weather , the med ian electr ic field strengths at each 
conduc tor would range from 9 to 25 kV/m , wi th a maximum around 30 kV/m .  
Maximum foul weather elect r ic  field s trengths a t  the right-of-way edge are 
calculated to be 9 and -3 kV/m , with med ian intensi ty calculated at 7 . 1 and 
-2 . 1  kV/m . Median electric  field in tens i ty at the r ight-of-way edge dur ing 
fair  weather may be as low as ± 1  kV/m ( ER ,  Vol . 5a ) . The earth ' s  natural 
average fair  weather electric  field strength is about 0 . 1 to 1 . 5 kV/m , w i th an 
in tens ity as high as 1 5  kV/m during thunders torms ( Chalmers 1 967 ) . 

Elect r ic  fields w ithin the right-of-way for the proposed DC transmi ss ion 
l ine would have intens it ies within the range of those reported to e l i c i t  
phys iolog ical responses i n  exper imen tal an imals . Effects o f  exposure to field 
in tens i t ies below 60 kV/m have been subtle--e . g . , improved performance in rats 
( Mayyas i and Terry 1 96 9 ) , increased bra in wave activity in anes the t i zed rats 
( Lott and McCa in 1 973 ) , improved performance of human subjects in fine motor 
skills ( Carson 1 9 67 ) , and al tered body seroton in levels in mice ( Mose and 
Fi scher 1 970 ; Mose et al . 1 97 1 ; Fisher 1 973 ) . F i sche r ( 1 973 ) observed a 50% 
increase in spontaneous act ivity of mice exposed to pos itive and negat ive 
electr i c  fields of 24 kV/m for 1 0  days , w i th an accompanying increase in food 
consumpt ion ( 1 0% ) and water consumption ( 1 3% ) .  An oxygen consumpt ion increase 
of 1 4% was no ted from an 8-day exposure . From a 1 5-day exposure to pos it ive 
and negative electric fields of 5 kV/m , F i scher ( 1 97 3 )  found a 1 000% increase 
in spleen plaque product ion , a 1 7% increase in spleen weight , a 58% increase 
in spleen cell count , and a 264% increase in hemagglut inat ion . These 
responses have been elici ted in laboratory s i tuat ions invol ving continuous or 
repeated exposure to constant levels of electric field intens ity over per iods 
of days to months . 

Several investigat ions have shown l i ttle or no s i gn ificant effects from 
electr i c  fields at levels that would be expected from operation of the 
proposed DC l ine . B iogenic amines in rat brains exposed to pos it ive and 
negative electr ic fields of 3 kV/m for 2 ,  1 8 ,  and 66 hours did not exhibit  
altered neuro transmission ( Bailey and Char ry 1 984 ) . No effects on  the course 
of resp iratory d isease in rats were observed from an 1 1 -day exposure to 
pos itive and negat ive electric field s trengths rang ing from 0 . 1 to 6 kV/m 
( Krueger et al . 1 9 74 ) . Fam ( 1 98 1 )  observed no effect on number ,  surv ival , or 
weight of mice progeny of parents exposed to 340 kV /m for 90 days . The 
exposed mi ce also showed no d i fference in body we ight ( females ) or  growth 
rate . No histolog i c  effects to any organs were noted . There were some mi xed 
effects between males and females for blood counts and chemi stry , but observed 
variations were small . Under no cond i t ions would static fields repor ted as 
affecting blood pressure and heart rates ( 60 kV/m)  by Krivova et al . ( 1 973 ) 
occur . Subtle behavioral and phys iolog ical effects would be trans ient and 
di fficul t to perce ive . 
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It is not expected that humans or l ivestock would be cont inuously exposed 
to electric  fields from the proposed DC l ine during normal circumstances . 
Electric field in tens it ies under the operating DC l ine would vary w i th t ime 
and with dis tance from the centerl ine ( Table 4 . 3 ) . Highes t exposure levels 
would be restr icted to an area in the proximity of e i ther electr ic conductor 
near the po int of max imum conductor sag . All electric  fields would be at or 
near background levels at a d istance less than 1 50 m ( 500 ft ) from the 
centerl ine . Also , it does not appear l i kely that persons or l ivestock would 
remain cont inuously in the areas of highes t exposure for even a number of 
hours . Thus , b iolog ical responses that could potentially be induced would not 
present a health hazard . 

In conclusion , al though b iolog ical effects have been reported for 
electr ic field intens it ies associated with power transmiss ion , it  is 
improbable that the fields associated with the proposed DC sys tems would 
compromise the health and welfare of the local populat ion or farm l ivestock . 

Magnet ic  F ields . The magnetic field at ground level due only to  the 
proposed DC l ine is calculated to be 0 . 34 gauss { G ) , decreas ing to 0 . 059 G at 
the edge of the r ight-o f-way ( ER ,  Vol . 5 Suppl . ) .  Magne t i c field intens it ies 
drop rap idly w i th d i stance from the centerl ine and from the po int of max imum 
sag ( Lee et al . 1 982 ) . These values are less than the earth ' s  magnetic field 
of 0 . 6  G .  In general , the l i terature ind icates that the s tatic  magnetic  
fields associated w ith operating transmiss ion l ines do  not pose a hazard to 
human health and welfare ( Bracken 1 979a , 1 9 79b ; Minnesota Env i ronmental 
Quality Board 1 982 ; Sheppard 1 983a ) . Michaelson ( 1 98 1 )  concluded that 
magnetic field intens i t ies of 3 G would produce no ill  effects . Harmful 
effects have not been documented in laboratory stud ies at field strengths of 
1 , 000 G ( Tenforde 1 98 1 ) or in stud ies of people occupationally exposed to 
magnetic fields ( Marsh et al . 1 982 ) . 

Air  I ons . No establ ished exposure l imits exist for air  ions ; therefore , 
assessment of the impacts from the proposed transmiss ion l ine must rely on the 
large body of l i terature address ing the b iolog ical effects of a i r  ions ( Sulman 
1 980 ; Sheppard 1 983a ; Charry 1 984 ) . I t  has been suggested that air  ions are 
b iolog ically act ive because of the ir  charge and chemi cal form . The most 
w idely acknowledged mechanism for b iolog ical effects from a i r  ions has been 
termed the "serotonin hypothes is" . Seroton in is a neural transmi tter that is 
important in sleep regulat ion , vasoconstr ict ion , and smooth muscle 
s t imulation . It is hypothesized that air ions alter seroton in levels in 
exposed organ isms , produc ing abnormal effects ( Krueger 1 972 ) . 

Max imum ion densi ties for both polar i t ies under the propos�d DC l ine and 
at ground level are expect�d to be less than 2 x 1 05 ions/em dur ing foul 
weather and less than 1 x 1 0? ions /cm3 dur ing fair weather . Under cond itions 
of low corona , cjear con�uctors , and fa ir  weather , ion levels will  be on the 
order of 2 x 1 0  ions/em ( ER ,  Vol . 5a ) . This approaches amb ient 1evel s ,  
which are in the range of several hundred to several thousand ions/em . I on 
dens i ties for the Project UHV tes t l ine , which operates under cond it ions 
s imi lar to the proposed DC l i ne , are given in Table 4 . 4 .  The values are qui te 
s imilar to the calculated values for the proposed l ine . The cal culated med ian 
ion d1ns i ty a� the edge of the proposed DC r ight-of-way is less than 
3 x 1 0  ions/em under all weather cond it ions ( ER ,  Vol . 5a ) . 
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Table 4 . 4 .  I on Dens it ies Near the Project 
UHV Test Line Operating Under Cond it ions 

and Parameters the Same as for the 
Proposed Transmiss ion L ine 

Densitya ( 1 03 ions/cm3 ) 
Weather 
Cond it ions Negat ive Ions Pos it ive 

Fa ir  ( w inter ) 3 3 

Fa ir  ( sununer ) 1 40 1 40 

Snow 1 0  20  

Wet snow 40 50 

Fog 20 50 

Fros t 30 20 

Freez ing rain 1 50 1 50 

Ra in 1 40 220 

Ions 

a Med ian value calcula ted from elec tric  field and ion 
current measuremen ts at po int of highest density 
dur ing operation at ±450 kV and a min imum conductor 
he ight of 1 1 m ( 37 ft ) .  Values are at ground 
level and under respective conductors . 

Source : Johnson and Zaffanella ( 1 982 ) .  

Humans and other animals exposed to 1 03 to 1 06 ions/cm3 have exper ienced 
increased and improved motor activity , improved escape behavior , improved 
learning , decreased reaction times , and al tered moods ( Sheppard 1 983a ; Charry 
1 984 ) . S imi lar ion concentrat ions have led to altered serotonin levels in 
selected organs and fluids of humans and other an imals . Subtle resp iratory 
and c i rculatory effects in laboratory an imals aud humans have beeu attr ibuted 
to exposure to ion concen trations between 1 0::S and 1 09 ions/cm::S . An imals 
chal lenged w i th microorgan isms have exper ienced both increased and decreased 
death rates under add it ional exposure to air  ions ( Krueger et al . 1 9 70 , 1 9 72 , 
1 974 ) . Burn v i c t ims , weather-sens itive persons , and as thmatics have 
reportedly benefi ted from exposure to air  ions ( DOW Associates 1 980 ; Sulman 
1 980 ; Charry and Hawkinsh ire 1 98 1 ; Sheppard 1 983a ) . Add i t ional find ings on 
biomed ical responses of man and an imals to air  ions are given in Table 4 . 5 .  

Max imum ion concen trat ions below the New England DC interconnection would 
fall within the the lower range of values associated with subtle effects upon 
biolog i cal systems ( compare Tables 4 .  4 and 4 .  5 ) . These effects would be 
d ifficult to percei ve outs ide the laboratory setting because they are w i thin 
the range of normal phys iolog ical and psycholog i cal responses to envi ronmental 
var iat ion . Furthermore , the per iods of highest ion concen trat ions would be 



A ir  I on Dose 

±9 . 0  x 1 03/cm3 for 1 -day 

±2 . 0  to +3 . 0  x 1 04 1cm3 
for 1 .  5 h 

-2 . 7  x 1 03 /cm3 for 4 to 
2 wks , 8 h/day 

- 1 . 5  x 1 04 1cm3 for 
45 min 

- 1 . 9  x 1 05 /cm3 for 3 h 

±8 . 0  x 1 03/cm3 for 5 h 
± 1 . 0  x 1 05 /cm3 for 2 h 

±2 . 0  x 1 04 1cm3 for 
25 m in 

±5 . 0  x 1 05 /cm3 for 
3 min 

±8 . 0  x 1 04 /cm3 for 3 wks 

Table 4 . 5 .  Biomed ical Responses to Air I ons 

Sub ject Response 

Human s No effect on mental performance or 
physiolog ical response 

Humans Decreased soc iab i li ty , increased 
tension , in creased fatigue ; no 
change in anx iety and aggress ion 

Humans Perce ived increase in environmental 
comfort , reduced headaches ,  reduced 
nausea and dizz iness by some worker s 

Humans No effects on EEG alpha or reaction 
t ime 

Humans 

Humans 
Humans 

Humans 

Rats 

Rats 

Change in heart , rectal temperature , 
perce ived exert ion , systo l i c  blood 
pressure ; no change in skin tempera­
ture , sweat rat e ,  minute ventilat ion , 
d iastol ic b lood pressure 

No effect on mood 
No effect on tens ion-anxiety , 
depress ion-deject ion , anger-hos t i l i ty , 
fat igue-inert ia , confus ion-bewi lderment 

Sl ight decl ine in react ion time and 
flicker-fus ion ; sl igh t  increase in 
finger-tapp ing 

I ncreased heart rate ; no effect on 
respiration 

I ncreased neurophys iological  arousal 
in EEG , slightly lowered CNS arousal 
( + ions only ) , sign ifican t decrease 
in brain ( - ion ) ; decreased EEG slow 
wave activity with sl ight increase in 
ampl i tude ( + ions ) or sl ight  decrease 
in ampl itude ( - ion s )  

Source 

Albrech tsen e t  al . ( 1 97 8 )  

Charry and Hawk insh ire ( 1 98 1 ) 

Hawkins ( 1 98 1  ) a 

Hedge and Eleftherakis ( 1 982 ) 

I nbar e t  al . ( 1 98 2 ) b 

McGurk ( 1 95 9 )  
S igel ( 1 979 ) 

Slote ( 1 9 6 1 ) 

Bachman e t  al . ( 1 96 5 )  

Lambert e t  al . ( 1 98 1 ) c 
Olive reau e t  al . ( 1 98 1 )  

� I 
1\) 
\D 



A ir  Ion Dose 

5 . 0  x 1 05/ cm3 for 66 h 

±3 . 0  x 1 04 1cm3 for 
1 5  min 

- 1  . 0  x 1 04 /cm3 for 
2 mths , 6 h/day 

- 1 . 5  x 1 04 1cm3 for 3 
to 24 day s  

±3 . 0  t o  4 . 0  x 1 05/ cm3 
for 30 days 

± 1 . 0  to 2 . 0  x 1 05/ cm3 
for 6 to 1 0  days 

±5 . 0  x 1 03 /cm3 for 1 4  
to 1 5  days 

±2 . 0  x 1 04 1cm3 for 1 4  
to 1 6  days 

±5 . 0  x 1 05/cm3 for 1 4  
to 1 6  days 

Subject 

Rats 

Human 

Human 

Rats 

Mice 

Mice 

Mice 

Mice 

Mice 

Table 4 . 5 .  Con t inued 

Response Source 

No effect on spontaneous motor act i v i ty Bailey and Charry ( 1 984 ) 

S l i ght  increase in lung function ; no Osterballe et a l . ( 1 979 ) 
h i s tamine threshold 

No effects on blood pressure , respira- Sulman et al . ( 1 9 78 ) d 
t ion , glucose , bl ood cell  count , 
urinary seroton in , a 50% reduct ion in 
blood seroton in 

27% reduction in ul ceration 

25% inc rease in mortal i ty of an imal s 
with respiratory d i sease 

5% to 23% increase in mor tal i ty of 
animals w i th respiratory d isease 

26% increase in mor tal i ty rate of 
animals wi th respiratory d i sease 

No change in mortal ity rate of an imal s 
w i th resp iratory d i sease 

23% l ower inc idence in mortal ity of 
animals with resp iratory di sease 

Deleanu et al . ( 1 96 5 )  

Krueger and Lev ine ( 1 96 7 )  

Krueger et al . ( 1 97 0 )  

Krueger and Reed ( 1 97 2 )  

Krueger and Reed ( 1 97 2 )  

Krueger and Reed ( 1 97 2 )  

alone . a Greater impacts resul ted from changes in tempera ture and relat ive humid i ty 
b Grea ter changes have been observed from ordinary exerc ise and from psy cholog ical var iabl es . 
c Changes obse rved are w i thin  l im i ts of normal phy s iolog ical var iabi l i ty .  
d Sero ton in reduction is w ithin normal phy s i ol og ical l imits and comparable to ordinary changes i nduced 

by d ieting . 

� 
I � C) 
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trans i ent and highest ion concent rat ions would only occur in locali zed 
areas . For example , max imum ion concentrat ions would occur during such 
per iods as intense rain storms or per iods of h igh dust !eve ls ( i . e .  , when 
fore ign objects would be adher ing to the conductors ) . Furthermore , highest 
ground-level ion concentrat ions would occur under the po int of max imum 
conductor sag , and factors such as changes in w ind d i rect ion can change ion 
concent rat ions at any po int s ign ificantly w i th in a per iod of seconds ( ER ,  
Vol . 5a ) .  Under worst-case exposure scenar ios , ind ividuals could experience 
small trans ient al terat ions of phys iological and behavioral parameters . These 
effects would not represent a health hazard and would d isappear w i th the 
cessat ion of exposure , leav ing no res idual effects . Air  ions would be 
suffic i ently d ispersed that exposure outside the r ight-of-way would result in 
effects of even lower magn itude , if at all . Due to the combinat ion of the 
small area of maximum ion concentrat ions ; natural movements of wild l i fe ,  
l ivestoc k ,  and humans ; and variat ions in air  ion concen trat ions at any po int 
caused by weather influences ( e . g . , w ind ) ; it  would be extremely coinc idental 
for an imals ( includ ing humans )  to be exposed to max imum ion concentrat ions for 
more than a very brief per iod ( minutes to hours ) .  Add it ional ly , dur ing 
cond it ions that can result in h ighest ion concentrat ions ( e . g . , storms ) ,  most 
an imals  would avo id open areas such as under transmission l ines . 

Exposure to Aud ible No ise and Ozone . Recommended standards for noise 
proposed by the U . S .  Env ironmen tal Protect ion Agency ( 1 974 ) are 45 dB ( A )  
( Lea ( 24 ) or  Ld0 ) as an indoor level below whi ch there is  no reason to bel ieve 
that publ ic  welfare w ill  be j eopard ized , and 55 dB ( A )  ( Le ( 24 )  or  Ldn ) as the 
correspond ing outdoor level , each identified to prov ide � margin of  safety . *  
Max imum p red icted noise levels under the DC l ine are 4 2  dB ( A )  under the 
pos i t i ve conductor and 36 dB ( A )  at the edge of the r ight-of-way ( ER ,  
Vol . 5a ) . Johnson and Zaffanella ( 1 982 ) measured no ise levels under the 
Proj ect UHV test l ine rang ing up to 33 dB ( A )  ( below which 95% of the measured 
values occurred ) .  

There are insuffic ient data to quant itat ively relate aud ible no ise 
emiss ions to impacts to w i ldlife .  Deer and elk have been observed us ing 
transmiss ion l ine r ights-of-way desp i te the presence of aud ible no ise ( Lee and 
Griffith 1 978 ) . Wildl i fe use of transmiss ion l ine r ights-of-way under a 
var iety of weather cond it ions impl ies that aud ible noise has a neglig ible 
impact upon w i l d l i fe act i v i t ies . The low level of aud ible no ise that would be 
emi tted by the proposed transmiss ion l ine is  unl i kely to deter wi ldl i fe from 
using hab i tat in the v i c in i ty of the r ight-of-way . 

Exper iments w i th an imals and humans ind icate a range of effects from 
ozone exposure at 1 00 to 1 000 ppb . Effects include al tered pulmonary func­
tion , pain upon breath ing , morpholog ical changes in pulmonary t i ssue , b io­
chemical changes , alterat ions of genetic  mater ial , and increased suscepti­
bil i ty to bacterial infections ( U . S .  Env ironmental Protect ion Agency 1 9 78 ; 

*A = A-weight ing = weight ing of the enti re aud io-frequency spectrum of aud ible 
no ise by a s ingle number express ing an overall sound-energy leve l ; Le = 

equ ivalent sound leve l = mathemat ical ly t ime-averaged level of a fluc�uat ing 
no ise ; Ldo = equivalent day-n ight sound level = var iation of Lea that al lows 
for penai 1z ing no ise intrus ions at n ight when people are more sens i tive to 
no ise . 
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National Research Council 1 977 ) . The Project UHV test l ine generated no ozone 
that could be measured above background ( Johnson 1 982a , 1 982b ) . Measurements 
in laborator ies and near transmiss ion l ines have also shown the level of 
oxidants produced by DC and AC l ines to be near the detection l imits ( Droppo 
1 98 1 ; Krupa et al . 1 980 ) . Levels of ozone produced are less than a few parts 
per bill ion , while amb ient levels are in the range of 1 0  to 1 00 ppb 
( U . S .  Department of Heal th , Educat ion and Welfare 1 970 ; U . S .  Envi ronmental 
Protect ion Agency 1 9 73 ; Coffey and Stas iuk 1 975 ) . The Nat ional Pr imary 
Ambient Air  Qual i ty Standards for photochemical ox idants are 1 20 ppb ( max imum 
1 -hour concentrat ion , not to be exceeded on more than 1 day per year ) 
( U . S .  Environmental Protect ion Agency 1 9 79 ) . Ozone product ion generally 
occurs during foul weather , wh ich co inc ides with the times of lowered back­
ground levels of ozone ( ER ,  Vol . 5a ) .  Therefore , no adverse health effects 
are expected from ozone produced by the proposed transm iss ion l ine . 

Card iac Pacemakers . DC electr ic fields are not expected to interfere 
with the funct ion ing of card iac pacemakers worn by ind iv iduals in the r ight­
of-way . These fields would be 1 00 t imes lower than necessary to cause 
revers ion to asynchronous operat ing mode ( Fraz ier 1 980 ) . 

4 . 1 . 8 . 2  AC Effects 

Potent ial health and safety effects of AC l ines were not addressed in the 
Phase I EIS  ( U . S .  Department of Energy 1 984 ) because no AC l ines were to be 
cons tructed in conjunct ion w ith that pro j ect . A moderate amount of research 
has been conducted on AC effects , and the results are summar ized in the ER , 
Vol . 5b ( New England Hydro-Transmiss ion Corp . and New England Hydro­
Transmiss ion Electric Co . [ NEHTC and NEHTEC 1 985b ] ) .  The informat ion in that 
document suppor ts the conclus ion , and DOE Staff concurs , that no health and 
safety concerns would resul t from operat ion of a 345-kV AC l ine . A pert inent 
summary of the effects of AC operat ion is presented in the follow ing 
subsect ions . 

Electr ic and Magnetic Envi ronment 

Operating , h igh-vol tage , al ternat ing-current ( HVAC ) l ines produce 
electr i c  and magnetic fields and corona ( Bracken 1 9 79a ; Lee et al . 1 982 ) . 
Corona from such l ines does not produce long-l ived air  ions . There is  l i ttle 
movement of the ions away from the conductor s ince they are alternately 
repelled from and attracted to the conductor as the vol tage on the conductor 
al ternates polar i ty .  Secondary effects of AC corona include product ion of 
aud ible noise , ozone , and n itrogen oxides ( Comber et al . 1 982a , 1 982b ) . For a 
given transmiss ion l ine configurat ion , el ectric  field s trength depends on l ine 
vol tage , and magnetic field st rength depends on l ine current . Both vary with 
distance from the conductors . 

Potential Hazards from an Operat ing High-Vol tage Al ternat ing Cur ren t ( HVAC ) 
Transmiss ion L ine 

As previously ment ioned , most stud ies on the health and safety aspects of 
operating transmiss ion l ines have dealt w i th AC systems ( or aspects assoc iated 
with them ) . Biolog i cal systems have been found to be affected when field 
in tens i t ies and durat ion of exposure are of suffic ien t magn itude . However , as 
with HVDC systems , the max imum electric  and magnetic field strengths 
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assoc iated with HVAC systems are not of suffic ient magn i tude to e l i c i t  
harmful , patholog i cal effects , al though nonpatholog ical effects may occur . 
Max imum intens it ies of the fields associated w i th the HVAC envi ronment occur 
infrequently over the course of a year and decl ine rap idly w i th distance from 
the electr ical conductors . Add it ionally , exposure to max imum field in tens i ­
t ies i s  expected t o  b e  infrequent due to per iod ic and generally short duration 
use of rights -of-way by humans and l ivestock . The follow ing d iscuss ion 
details the health and safety concerns relevant to the proposed Phase I I  AC 
transmiss ion l ines . 

Proximity Effects . R isks of patholog ical shocks under the proposed 
345-kV AC l ine would be extremely low . Max imum trans ient and steady-state 
currents would be expected to be about hal f  those shown in Table 4 .  6 for 
operat ing 765-kV AC , l ines assuming s imi lar l ine conf igurat ions . No d i rect 
phys io log ical hazards have been associated with such shocks ( Keesey and 
Letcher 1 970 ) , and there have been no documented cases of human injur ies due 
to electric  charges or induced currents from 345-kV AC lines in the Un i ted 
States ( ER ,  Vol . 5b ) .  

Table 4 . 6 .  Shock Currents from 765-kV AC Transmiss ion 
Lines and Cur rents Affecting Humansa 

Type of 
Current 

Steady-state 
( current ) 

Trans ient 
( energy released ) 

Shock Rece ived by 
Contact with a Vehicle 

Theoretical : 0 . 1 -7 . 5  mAb 

Probable : 0 . 003-0 . 1 2  rnA 

Highest Measured Value : 
3 . 5-4 rnA 

Theoret ical : 0 . 02-65 mJb 

Probable :  0 . 003- 1 mJ 

a Max imum electric fields of 9 kV/m . 

Shock Effects 

Perce ived : 
Startl ing : 

> 0 . 5-2 rnA 
> 1 rnA 

Object ionable : >2  rnA 
Release Currentsc 

>5  rnA suspected for 
small ch ild 

< 1 0 . 5  rnA for average 
adult  female 

> 1 6  rnA for average 
adult male 

Perce ived : 
Annoying : 
Painful : 

> 0 .  1 mJ 
> 0 . 5 - 1 . 5  mJ 

250-25 , 000 mJ 

b Calculated for worst-case cond it ions in max imum electric  field . Worst­
case condit ions are : vehicle compl etely insulated from ground ; human 
completely grounded and hav ing negl ig ible resistance to elec tric  current . 

c Current above wh ich contact cannot be voluntarily broken . 

Source : Scott-Wal ton et al . ( 1 979 ) . 
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Electr ic F ield Effects . In New England , typ ical max imum elect ric  field 
strengths at ground level under 345-kV AC transmiss ion l ines are 7 kV/m . For 
the proposed 345-kV AC l ines , the max imum electric field st rength at ground 
level is calculated to be 6 . 6  kV/m in the right-of-way and 1 . 8 kV/m at the 
edge of the r ight-of-way ( ER ,  Vol . 5b ) . Elec tric  fields of these intens it ies 
are at levels for wh ich b iolog ical responses have been reported or inferred 
( Michaelson 1 98 1 ; Sheppard 1 983b ; U . S .  Departmen t of Energy 1 983 ) . As wi th 
the DC system , electric field intens it ies would vary with pos i t ion , and the 
max imum ground level in tens it ies would be encoun tered only in a small port ion 
of the r ight-of-way ( < 5 % ) . Recen t review of the large body of l i terature on 
exposure to AC fields has revealed no evidence of harmful effects from 
intermittent exposure to field in tens it ies below 1 0  kV/m ( Michaelson 1 98 1 ; 
Sheppard 1 983b ; U . S .  Department of Energy 1 983 ) . 

F ield and laboratory stud ies have general ly shown min imal or no impacts 
from power-frequency elect r i c  field streng ths of 30 kV/m or less . Exposure to 
an AC elec tric  field st reng th up to 20 kV /m did not cause s tress or affect 
health ( Hauf 1 974 ; Rupil ius 1 9 76 ) .  No effects on growth or reproduc tion of 
cattle , horses , sheep , and sw ine pas tured under a 765-kV AC transmiss ion l ine 
r ight-of-way w ith an electr ic field strength up to 1 2  kV/m were observed 
( Amstutz and Miller 1 980 ) . Stud ies on ano ther 765-kV AC li ne showed no effect 
on cow milk product ion ( W i ll iams and Be iler 1 979 ) . No di fferences in 
fertili ty were noted between cattle pas tured near a 400-kV AC li ne and those 
pastured in a control area ( Henn ichs 1 982 ) . Rogers et al . ( 1 982 ) observed no 
reluctance by cattle to graze under an 1 1 00-kV AC l ine , al though they spent 
less t ime under the l ine when it was energ ized . This suggests a behav ioral 
effect from the 1 2-kV /m electric field and/or from the aud ible noise related 
to corona act ivity . Phill ips et al . ( 1 98 1 )  repo rted mixed resul ts related to 
incidence of mal formed offspr ing for swine exposed to 30 kV /m , but no evidence 
of this for small laboratory an imals . Hackman and Graves ( 1 98 1 ) concluded 
that an electr i c  field strength of 30 kV/m was not stressful . Neuroendocrine 
levels ( related to stress ) in rats d id not s i gni ficantly change from exposure 
to 1 00 kV/m fo r a few hou rs to a few days ( Quinlen et al . 1 985 ) . Quantitat ive 
tests for stress were negat ive for people exposed to 20 kV/m ( at 50 Hz ) for 
5 hours ( Hauf 1 982 ; Amon 1 977 ) . Beyer et al . ( 1 97 9 )  found no change in 
cort isol content of blood in humans exposed to 1 0  to 20 kV/m for 1 . 5 hour s .  

Cont inuous exposure to the electric field in the proposed r ight-of-way is 
unl ikely because it is improbable that humans or other an imals would rema in in 
the r ight-of-way for more than a few hours . Ou ts ide the right -of-way , the AC 
electr ic field intens i t ies would fall below 2 . 0  kV/m , and fall be low the 
earth ' s  natural average fa ir-weather electr ic  field ( < 1 . 5 kV /m ) with in a short 
d istance from the r ight-of-way . Sheppard ( 1 983b ) has ident i fied 1 . 0 kV/m as a 
reasonable c r i ter ion level for protect ion of publ ic health for long- term 
exposure to AC fields . 

In conclus ion , al though biolog ical effects have been reported for levels 
of electr ic field intens it ies assoc iated with AC transm iss ion l ines , it is 
improbable tha t the fields assoc iated with the proposed AC system would 
compromise the health and welfare of the local populat ion or l i vestock . 

Magnetic F ields . The proposed 345-kV AC lines would produce max imum 
ground-level magnetic fields of 0 . 28 G in the r ight-of-way and 0 . 085 G at the 
edge of the r ight-of-way ( E R ,  Vol . 5b ) .  These values are less than the AC 
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magnetic field of 1 to 5 G produced near several home appl iances ( M iller 1 9 74 ; 
Gauger 1 985 ) . As harmful effects from magnetic fields have not been 
documen ted in laboratory stud ies at field strengths of 1 , 000 G ( Tenforde 1 98 1 ) 
or in stud ies of people occupat ionally exposed to magnet ic fields ( Marsh 
et al . 1 982 ) , it can be concluded that magnetic  field effects assoc iated wi th 
the proposed HVAC transm iss ion l ines wi ll be innocuous . 

A ir  Ions . Air  ion dens it ies are not of conce rn for AC transmiss ion 
l ines . As the vol tage on the con ductor al ternates polar ity ( at the rate of 
60 t imes per second ) ,  charged molecules are al ternate ly attracted and repulsed 
and thus rema in near the conductors . 

Exposure to Aud ible No ise and Ozone . Cal culated max imum noise levels 
under the operat ing 345-kV AC l ines would be about 60 dB( A )  in heavy rain 
cond it ions ( ER ,  Vol . 5b ) . General ly , the AC l ines would generate aud ible 
no ise dur ing rain or fog . Expected no ise leve ls at the edge of the r ight-of­
way would be � 45 dB ( fair weather ) ,  48 dB ( when conductors are wet from fog 
or l ight rain ) , and 56  dB ( heavy rain ) ( ER ,  Vol . 5b ) .  Gene ral ly , background 
levels of aud ible no ise in rural areas are about 35 to 45 dB( A )  ( U . S .  Env iron­
mental Protect ion Agency 1 974 ) . Thus , aud ible no ise would be e ;:pected to be 
at or above normal background along the r ight-of-way . The d iscernable levels 
would generally be below those cons idered annoying because no ise levels fall 
off rap idly as d istance from the l ines increases . 

The lack of an t i c ipated impacts due to ozone production related to the 
HVDC l ine also appl ies to the proposed HVAC transmiss ion l ines . 

Card iac Pacemakers . Operat ion of the 345 -kV AC l ines could resul t in 
max imum AC fields in the range that could induce revers ion to asynchrony . 
Most pacemaker manufacturers have successful ly des igned them to avo id 
electromagnet ic field problems ( E R ,  Vol . 5b ) , but some card iac pacemakers can 
revert  in electric fields of 2 kV/m ( Moss and Cars tensen 1 985 ; Butrous et al . 
1 983 ) . Cond i t ions result ing in prolonged revers ion are extremely un l ikely , 
but the r isks associated with intermi ttent revers ion could cause fa int ing 
( Moss and Carstensen 1 985 ) . Apparently no acc idents have resul ted from 
exposure of a pacemaker patient to an AC transm iss ion l ine ( Scott -Wa l ton 
et al . 1 979 ; Lee et al . 1 982 ; World Health Organ izat ion 1 984 ) . Al though the 
comb inat ion of c ir cums tances that would lead to an acciden tal event is 
extremely rare ( ER ,  Vol . 5b ) , it is , none theless , probably unwise for persons 
with sens it ive pacemakers to work for ex tended pe r iods in the r ight-of-way of 
the AC l ines . 

4 . 1 . 8 . 3  Comb ined Effects of DC and AC Transmiss ion L ines 

Most of the proposed DC transmiss ion l ine would share a r ight-of-way with 
a 1 1 5- , 230- , or 345-kV AC l ine . The prev iously presented informat ion has 
impl ied that the proposed DC and AC l ines would have negl ig ible effects on 
health and safety . However , some concern may s t i l l  exist as to whether the 
comb ined effects of DC and AC l ines operat ing s ide by s ide would have effec ts 
greater than expected from e i ther 1 ine alone . Informat ion suppl ied by the 
App l icant ( ER ,  Vol . 5 Supplemen t ,  October 30 , 1 985 ) , summar ized be low , 
strongly impl ies that comb ined operat ions of DC and AC l ines would not have 
adverse heal th and safety effects . 
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The h ighest calculated aud ible no ise level at the edge of the r ight-of­
way would be 55 dB( A )  dur ing heavy rai n .  Th is is only 1 dB( A )  above the 
calculated aud ible noise level for the correspond ing r ight-of-way with only 
the exist ing AC l ine . 

Sh ield ing of the earth ' s  magne tic field ( whose strength is almost twice 
as high as that of the proposed DC l ine ' s  magnetic field ) is seldom done in 
exper imental stud ies . Thus , it  is reasonable to conclude that stud ies on the 
effects of AC magnetic fields--prev ious ly concluded to have no health effects 
at levels expected from the proposed 345-kV AC l ines--have in actua l i ty 
assessed the combined effects of an AC l ine and the earth ' s  field . Several 
recent stud ies ( unpubl ished , but summar ized in the ER , Vol . 5 supplement )  have 
ind icated that the magn i tude and or ientat ion of a DC magnetic  field can affect 
the respons iveness of isolated tissues or an imals to super imposed AC electric  
and magnetic effects . However , these effects are revers ible , return ing to 
normal following cessat ion of exposure ( equivalent to mov ing away from the 
r ight-of-way ) .  Add it ionally , under no rmal operat ing cond it ions for the 
proposed DC 1 ine , the resul tant static magnetic field ( earth ' s  plus that of 
the DC l i ne ) would be close to or within l imits of local var iat ions of the 
static magnet ic  field found naturally at the earth ' s  surface . Thus , the 
comb ined magnetic effects of AC and DC l i nes should have no health effects of 
concern . 

There is l ittle movemen t of small air  ions away from an AC conduc tor . 
Therefore , an AC l ine will  con tribute l i ttle to the air  ion concen trat ion at 
ground level . Thus , a ir  ion effects would be s imilar ( negl ig ible ) to that 
prev iously d iscussed for the DC l ine . Add it ionally , ion concentrat ions at the 
the edge of the r ight-of-way would be less on the AC s ide ( or on e i ther s ide 
where the DC l ine is s i tuated be tween AC l ines ) than at the edge of the r ight­
of-way if only the DC l ine would be present . 

There are no data ind icat ing , no r is there reason to bel ieve , that 
combined effects of DC and AC electric fields wou ld affect heal th and 
safety . As stated in the ER ( Vol . 5 Supplemen t ) , a DC electric  field is 
constan t over t ime and does not capac i t ively induce currents within objects , 
but rather causes objects to accumulate charges at the i r  surfaces . Th is 
should in effect  sh ield the object from in fluences of the externally appl ied 
DC field . 

On the bas is of the informat ion above , coupled w i th the lack of any 
observed effects from ex ist ing shared DC/AC rights-of-way , there is no reason 
to conclude that any adverse health or safety effects wou ld resul t from the 
s i t ing of the proposed DC l ine within AC r ights -of-way . 

4 . 1 . 8 . 4  Herbic ide Use in Right-of-Way Management 

The Phase I EIS ( U . S .  Depar tment of Energy 1 984 ) concluded that herb ic ide 
use would not be a health or safety concern . Vegetat ion ma intenance pract ices 
for the proposed Phase I I  project would be s imilar to that of Phase I ,  as wel l 
as other New England Electric  System ( NEES ) l ines . Therefor e ,  no health and 
safety effects from Phase I I  ma intenance would be expec ted . A pert inen t 
summary of herbic ide use is presen ted in the following d iscus s ion . 
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Except for the first 1 . 3 km ( 0 . 8  mi ) ,  most of the proposed transmiss ion 
line would be constructed in ex ist ing r ight-of-way that is currently 
ma intained by NEES . A 2 . 9-km ( 1 . 8-mi ) segment  between Millbury and West 
Medway , Massachusetts , is  ma intained by Boston Ed ison Company in a manner 
s imilar to NEES . Current r ight-of-way management practices would be 
ma inta ined along these r ights-of-way ( ER ,  Vols . 2 and 3 ) . Select ive 
appl icat ions of herb ic ides would be used to retard the developmen t of tall­
growing vegetat ion that might comprom ise the integ r i ty and safety of the power 
transmiss ion sys tem . The Appl icant would only use herb ic ides that are 
reg istered w ith the U . S .  Envi ronmental Protect ion Agency and the states of New 
Hampsh ire and Massachusetts and approved fo r use in r ight-of-way management .  
The herbicides cur rently used by NEES are l i s ted in Tab le 4 . 7 .  

Herbic ides would only be appl ied by means of selective spray applicat ion 
by workers us ing hand-held appl icat ion tools ; there would be no broadcast 
appl icat ion . Areas near public  water suppl ies , open waters , spr ings , wells , 
homes , or roads ides would be managed by manual removal of undes irable 
vegetat ion . Herbic ide appl ications would follow a prescr ibed schedule 
beg inning w ith select ive spray ing of stumps of all hardwood species dur ing the 
first dormant season after clear ing . Two years later , a second selective 
appl ication would occur , w i th subsequen t appl ications on a 3- to 5-year 
cycle . 

Herbicides can be tox ic to l iving organ isms and many are cons idered 
somewhat tox ic  to humans ( Norris 1 98 1 ; Gangstad 1 982 ; U . S .  Department of 
Energy 1 983 , 1 984 ) . Human health r is k  from he rbic ide appl ication depends upon 
the acute and chron ic to x ic ity of the compound , durat ion of exposure , pathway 
of exposure , and concentrat ion of the compound to wh ich one is exposed . Based 
on worst-case assessmen t ,  the U . S .  Department of Energy ( 1 983 ) has est imated 
the max imum pos s ible dose to a 50-kg ( 1 1  0-l b )  ind iv idual exposed to 2 ,  4-D 
occupat ionally or via env i ronmental d ispers ion of the herb ic ide . Table 4 .  8 
summar izes the results of that assessment scaled to NEES ' s  current applicat ion 
rate of about 2 . 2  kg/ha ( 2  lb/acre ) .  Est imated safety marg ins for use of 
2 , 4-D as proposed by the Applicant range from max imum doses of 1 00 to 
20 , 000 times less than the threshold level of 20 mg / ( kg · day ) for chron ic 
effects to the reproduct i ve system . The other herb ic ides proposed for use by 
the Applicant are generally less tox i c  to mammal ian sys tems than 2 , 4-D 
( U . S .  Department of Energy 1 983 , 1 984 ) . 

Herbicide use has been found to be environmentally acceptable as 
pract iced by the Forest Serv ice in the Nor theas t .  This program involves the 
treatment of 1 8 , 200 ha ( 45 , 000 acres ) w i th a var iety of herb icides , includ ing 
2 , 4-D , Picloram ,  and Kren ite for road and trail  management , recreat ional 
development , and other uses ( Forest Serv ice 1 978 ) . This conclus ion was 
partially based upon 25 years of herbic ide use by the Forest Service with no 
known health problems in Forest Serv ice personnel , applicators , or local 
res idents . 

Several alternatives to vegetative management using 
These include manual , mechan ical , and biolog ical 
( U . S .  Department  of Energy 1 983 ) . However , the most 
al ternat ives are manual or mechan ical vegetat ion control . 

herbicides exist . 
control methods 

read ily acceptable 
These methods are 



Table 4 . 7 .  Current Herbi cide Usage by NEES Companies 

Average App l i cation 
Rate ( gallon s  of 

Ac tive active ingredient Type of 
Herbic ide I ngredien ts Dilution per acre of  ROW) App l i cationa 

Kren ite Fosamine 1 . 5 gal lons ( ga l )  0 . 4 4  gallons active High volume fol iarb 

herbi cide formula- ingred ient 
t ion to 98 . 5  gal 
water 

Kren i te Fosam ine 1 4- 20 gal herbicide 0 . 30 Low volume fol iarc 

Garlon 3A  Tri clopyr 1 gal herbi cide 0 . 36 High volume fol iar 
formulation to 99 
gal water 

Garlon 3A Tri clopyr 1 0  gal herbicide 0 . 1 3 Low volume fol iar 
formulation to .l= 
90 gal water I w 

CD 
Garlon 3A  Triclopyr 50 gal herb icide Less than Cut s tump 

formulation to 0 . 0 1  
5 0  gal water 

Garlon 4 Tri cl opyr 25  gal he rb icide  0 . 03 Low volume basal 
formulation to and cut s tump 
75  gal l igh t oil  

Tordon 1 0 1  Picloram & 1 gal herbicide 0 . 4 1  High volume fol iar 
2 , 4 -D formulation to ( 0 . 08 P icloram 

99  gal wate r and 0 . 33 2 , 4- D )  

Tordon 1 0 1  P icloram & 1 4  gal herb icide 0 . 1 5 Low volume fol iar 
2 , 4 -D formulation to P ( 0 . 03 P icloram 

8 6  gal water 0 . 1 2  2 , 4-d ) 

Tordon 1 0 1  & Pic loram , 0 . 5 gal each 0 . 28  High volume fol iar 
Ga rlon 3A 2 , 4 -D & herbi cide formu- ( 0 . 03 P icloram , 

Tri clopyr lat ion to 99 gal 0 . 1 2  2 , 4-D and 
water 0 . 1 3  Triclopy r )  



Herb i c ide  

Tordon 1 0 1  & 
Garlon 3A 

Tordon RTU 

Roundup 

Roundup 

Active 
I ngredien ts 

P i c loram , 
2 , 4 -D & 
Tri clopyr 

P icloram & 
2 , 4 -D 

Glyphosate 

Glyphosate 

Table 4 . 7 .  Con tinued 

D i lution 

7 gal each herbi­
c ide  formulat ion to 
86  gal water 

Und iluted herbicide 
formulation 

1 gal herbicide 

7 gal herbicide 
formulation to 
93 gal water 

Average App l i cation 
Rate ( gallons of 
active ingredient 
per acre of  ROW) 

0 . 4 6  
( 0 . 07 P icloram , 
0 . 29 2 , 4-D  and 
0 . 1 0 Tr iclopy r )  

Less than 0 . 02 
( 0 . 0 1 P icloram 
and 0 . 0 1  2 , 4- D )  

0 . 1 2 

0 . 1 2 

Type of 
App l i cationa 

Low volume fol i ar 

Cut s tump 

H igh volume fol iar 

Low volume fol i ar 

a Three appl icat ion methods are used . Fol iar treatmen ts are applied to the leaves of  the target tree 
sprouts or s eedl ings .

· 
Basal treatments are appl ied to the lower 8 to 18 in of a tree ' s  stem . Cut s tump 

tr eatmen ts are app l i ed to the cut surface of a tree ' s  stump . 

These appl icat ion me thods are al l select ive and are appl ied on ly to target plants . They suppress tree 
growth whi le encouraging the growth of shrubs , grasses , fern s ,  and o ther low-growing plant species . 

b High volume fol iar treatments util ize a relative ly low concentration of herb ic ide mixed w i th water . They 
are appl ied by use of hand -held nozzles extend ing from hydraul ic spray equ ipment .  This method i s  usually 
performed in areas of relative ly h igh stem den s i ty and areas where access cond i t ions are d ifficult . 

c Low volume fol iar treatmen ts u t i l i ze a relat ively high concentratibn of herb ic ide mixed w i th water . They 
are appl ied by use of powered backpack equipment .  Thi s  me thod i s  usually performed in areas of re lative ly 
low stem den s i ty and areas whe re access cond it ions are not d iffi cult . 

Source : Supplemental response from Vern R .  Walker to Anthony Como ( DOE , E RA ) , dated 9 October 1 985 . 

-l= 
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Table 4 . 8 .  Maximum Worst-Case Doses [mg / ( kg · day ) ]  and Assoc iated Safety 
Fac tors for Poten tial Rou tes of Exposur e to 2 , 4 -D Proposed for Use 

by the App l i cant for R ight-of-Way Management 

Drinking Consum ing 
2 L of 0 . 5  kg of Consum i ng Consum ing 

Handl ing Water from Fish from 0 . 5  kg of 0 . 5  kg of 
He rb ic ides 1 0-cm-Deep 1 0-cm-Deep Meat from Berries 

Du r ing S tream on Stream on Deer Found on Col le cted on 
Appl icat ion Right-of-Way R ight-of-Way Right-of-Way R ight-of-Way 

Maximum 0 . 050 0 . 090 0 . 022  0 . 00 1 0  0 .  1 2  
dosea 

Safety 
factorb 400 222 909 20 , 000 1 6 7  

a Worst-case est imate of max imum dose to a 50-kg ( 1 1 0- lb ) person . 
b Based on a threshold level of chronic  ingest ion of 20  mg/ ( kg · day ) of 2 , 4 -D for ini tiat ion 

of effec ts to reproduc tion . 

Source : Mod ified from U . S .  Department of Energy ( 1 983--Table 7- 1 2 ) . 

.l= 
I .l= 

0 
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much more labor- intens ive and expose workers to increased r isk of injury from 
acc idents in tool , equipment ,  and brush handl ing . In  Oregon , the Bonnev ille 
Power Administrat ion has recorded a 5-year average injury rate of 5 injur ies 
per 200 , 000 man-hours in brush-cutting act ivi ties ( U . S .  Departmen t of Energy 
1 983--p . 205 ) . No chemical tox icity injur ies were repor ted among workers over 
this same t ime per iod . Vegetat ion management us ing herbic ides subs tan tially 
reduces heal th and safety r isks for wo rkers while sl ightly increas ing the 
risks of tox ic effects to the publ ic , princ ipal ly v ia eros ion and spill 
events . 

I n  conclus ion , the herb ic ides proposed fo r use in the rights -o f-way have 
low degrees of tox i c i ty to humans and other an imals ,  and the ir  appl icat ion 
accord ing to label d i rections and in con junct ion w i th appropr iate mit igat ive 
measures would ensure the i r  safe use . Ex tens ive exper ience w i th toxic  
herb ic ides has shown that these potent ially hazardous mater ials can be used 
safely if appropr iate precaut ions are implemen ted ( Barnes 1 975 ; Buffington 
1 974 ; Gangstad 1 982 ; U . S .  Departmen t of Energy 1 983 ) . 

4 .  1 . 9 Rad io and Televis ion I nterference 

The term '' rad io no ise" is used in reference to any undesi rable 
disturbance of the rad io frequency spec trum , which ranges from 3 kHz to 
30 , 000 MHz . Operat ional high-vol tage transmiss ion fac il i ties con tr ibute to 
rad io noise that can interfere w i th rad io and televis ion recept ion , 
particularly the AM broadcast bands ( 535- 1 605 kHz ) and the lower televis ion 
broadcas t bands ( Channels 2-6 at 54 -88 MHz ) ( U . S .  Department of Energy 
1 984 ) . The degraded recept ion is referred to as rad io interference ( R I ) or 
televis ion interference ( TV I ) .  The FM broadcast range from 88 MHz to 1 08 MHz 
is unaffected by pulsat ive-type no ise ( General Electric Company 1 982 ) . 

R I  and TVI  associated w i th operat ional transmiss ion l ines result from 
corona discharge and gap spark ing . The latter is generally caused by defec­
tive or loose fittings and can be remed ied by rou tine ma in tenance . Corona 
( the partial breakdown of a ir  into charged par ti cles ) begins to occur when the 
surface vol tage grad ient  on the conductors exceeds the threshold or onset 
value of the surround ing a ir . Transmiss ion l ines are designed to control 
levels of corona act i v i ty , but the onset of corona is influenced by numerous 
factors , includ ing atmospher i c  el ements , des ign parame ters of the l ine , and 
cond it ion of the conductors . Corona act ivity is also influenced by the kind 
of transmiss ion system . For example , corona act i v i ty associated w i th AC 
systems increases dur ing foul weather , reaching a max imum during heavy rain . 
In contrast , corona levels for DC systems are highes t when po int sources occur 
on the conductor ( wh ich may occur dur ing foul weather ) ,  al though certa in 
effects ( aud ible noise and RI ITV I ) of corona are probably highest in fair  
weather ( ER ,  Vol . 5a ) . 

Some evidence ind icates that DC RI  is of a lesser nuisance level than AC 
RI ( Bonneville  Power Administrat ion undated ) .  Subjective evaluat ions by tes t 
ind ividuals have shown that the tolerance level for DC RI corresponds w i th a 
broadcast s ignal -to-no ise ratio ( SNR)  of about 1 0  to 1 .  In terms of 
equivalent dB levels ( above 1 �V/m , here inafter impl ied ) ,  the RI  at the 
rece iv ing antenna must be 20 dB below the broadcast s ignal for acceptable 
recept ion . Bracken has repor ted that a different ial of 1 7  dB results in 
ent i rely satisfactory AM recept ion ( U . S .  Department of Energy 1 984 ) . However , 
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the SNR for acceptable recept ion involving AC transmiss ion systems is 
var iously repor ted as 1 5  to 1 ,  rang ing up to 25 to 1 .  Accord ingly , the AC 
l ine RI must be 23 . 5  to 28 dB below the broadcast s i gnal strength for 
sat isfactory recept ion ( Bonneville Power Admini strat ion undated ) .  The 
Appl icant proposes that an SNR of about 20 dB for AC transmiss ion lines would 
result  in sat isfac tory reception qual ity ( ER ,  Vol . 5--p . I I - 20 ) , as opposed to 
the 23 . 5  to 28 dB no ted above . 

The preced ing attr ibutes of RI and TVI associated with DC transm iss ion 
systems were included as con siderat ions in evaluat ing RI and TVI  related to 
Phase I developmen t of the New England/Hydro-Quebec ±450-kV DC transmiss ion 
li ne interconnect ion ( U . S .  Department of Energy 1 984 ) . Based on a relat ively 
conservative pred ict ion equat ion , it  was est imated that the fa ir  weather RI  at 
the edge of the r ight-o f-way would be 4 1  dB . S ince the des ign parameters of 
the currently proposed Phase II  transmiss ion fac i l i ti es are s imilar to those 
of the Phase I development ( ER ,  Vol . 4--p . 7 6 ) , it is as sumed that the fa ir 
weather R I  at the edge of the ri ght-of-way for the proposed Phase II  DC l ine 
would l i kew ise be about 4 1  dB . Gi ven an SNR equ i valent to 1 7  dB , recept ion at 
receiver un its located at the edge of the ri ght-of-way would be sat isfactory 
for all broadcast s ignals exceed ing 58 dB . Rad io broadcas t s i gnals for 
pr imary service areas typ ically exceed 70 dB ; thus , RI related to the proposed 
Phase I I  DC l ine would be unl ikely to cause complaints relat ive to rad io 
recept ion . Complaints of TVI  would also be unl ikely , as ind icated by 
evaluat ion of potential TV I  related to the Phase I DC l ine ( U . S .  Department of 
Energy 1 984 ) . 

The App l i can t has repor ted calculated RI  levels at the edge of the ri ght­
of-way for the proposed AC transmiss ion l ines ( ER ,  Vol . 5--p . I I - 1 8 ) . For a 
frequency of 1 MHz , the cal culated RI is 68 dB or less dur i ng heavy rain , 
60 dB or less dur ing wet conductor cond itions , and 43 dB or less dur ing fa ir 
weather cond i t ions . However ,  RI  levels decrease rap idly w i th increas ing dis­
tance from the l ine . At 30 m ( 1 00 ft ) from the edge of the r ight-of-way , the 
RI level drops to 49 dB or less dur ing heavy rain , 40 dB or less dur ing wet 
conductor condi t ions , and 23 dB during fa ir  weather cond it ions . Given a SNR 
equivalent of 20 dB for sat isfactory rad io recept ion and a 70 dB rad io 
broadcast s ignal for the pr imary serv ice area , AM rad io recept ion at the edge 
of the r ight-of-way of the proposed AC l ines should be sat isfactory , except 
during wet conductor or heavy rain cond itions ( E R ,  Vol . 5--p . I I -20 ) . At dis­
tances exceed ing 30 m ( 1 00 ft ) from the edges of  the right-of-way , rad io 
recept ion w i thin the pr imary service area should be satisfactory during all 
weathe r cond i t ions . The level of interference assoc iated with commerc ial 
televis ion frequenc ies is cons iderably lower than that assoc iated w i th the AM 
rad io broadcast band . Thus , the inc idence of TVI  should be of minor conse­
quence . The phy s i cal presence of transm iss ion fac il ities may cause scatter­
ing , reflecti ng , or rerad iat ion of pr imary televis ion broadcast s i gnals , thus 
resu l ting in the phenomenon referred to as ghost ing ( General Electr ic  Company 
1 982 ) . Ghos t ing can be allev iated by mod ificat ions of antennas . 

The proposed DC transmiss ion l ine would be cons tructed wi thin a common 
right-of-way in parallel w ith one or mo re ex ist ing AC transmission l ines . 
Thus , the poten t ial RI  and TVI  levels at the edges of the common right-of-way 
wou ld be influenced by any " comb ined effects" resul t ing from concurrent 
operat ion of the existi ng AC and the proposed DC transmi ss ion l ines . The 
Appl icant has calculated RI levels fo r var ious segments of the transm iss ion 
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corr idor ( ER ,  Vol . 5 Supplement ,  October 30 , 1 985 ) . The results ind icate that 
operat ion of the DC l ine dur ing heavy ra in cond it ions would alter RI levels at 
edges of the r ights-of-way , rang ing from sl ight increases ( generally 3 dB or 
less ) to actual decreases in RI levels in some cases . However , such changes 
are relatively minor , and the comb ined effects of AC and DC l ine operat ions 
would not apprec iably affect the po tential for RI ad jacent to the r ight-of­
way . Curren t evidence ind icates that operation of the DC l ine would be 
un l ikely to cause TV I problems beyond the edges of the r igh t-of-way ( ER ,  
Vol . 5 Supplement , October 30 , 1 985 ) . 

4 . 1 .  1 0  Recommended M i t iga t i ve Measures 

The Appl icant has committed to a broad spectrum of mit igat ive measures 
that would min imize adverse env i ronmental impacts resul t ing from the 
cons truct ion , opera t ion , and ma in tenance of the proposed project . Those 
measures are outl ined in Sect ion 2 . 1 . 5 .  L isted below are add i t ional measures 
that the DOE Staff recommends be incorporated into the App l i cant ' s  mit igat ive 
program for the proposed project . 

4 . 1 . 1 0 . 1 Air  Qual i ty 

Add it ional measures that should be cons idered to reduce excess fug it ive 
dust and aud ible no ise inc lude the fo llowing : 

• Cons tructi on and veh i cular act i vi ti es should be curta i l ed on dry, windy 

days in areas prone to excess i ve dust genera t i on . 

• Veh i cl e  speed should be control l ed on unpaved access roads . 

• Construction equipmen t should be properl y ma intai ned and properl y 

opera ted . 

4 . 1 . 1 0 . 2  Land Features , Hydrology , Water Qua l i ty ,  and Water Use 

Add it ional mit igat ion measures beyond those committed to by the App l i cant 
that would be war ranted under certa in cond i t ions include the follow ing : 

• Construction veh i cles and equipmen t should not 

unfa vorabl e wea ther and sens i ti ve s i te cond i t i ons 

unaccep tabl y excess i ve wind or water erosion . 

be operated when 

cou l d  resul t in 

• Whenever feasible,  topsoi l ma terials should be sal vaged from cons tructi on 

s i tes,  s tockp i led, and used for top dressing of disturbed surfaces 

foll owing completion of construction . 

• Refuel ing of cons truction veh i cles,  s torage of cons truction ma ter i a l s ,  

disposal of waste ma teri a l s ,  and a n y  oth er handl ing of poten t i al l y  

contaminating mater i a l s  should b e  proh i b i ted near surface wa terbodi es . 

Fuel s ,  chemi cal s ,  o i l s ,  greases , sol i d  was tes , and o ther mater i a l s  needed 

at constructi on s i tes shoul d be stored and handled in a manner des i gned 

to prevent spi ll s .  

• Storage and maintenance yards should no t be located near wa tercourses . 



4-44 

• Temporary toi l ets should be self-conta ined, and land-stab i l i zation 

measures shoul d be provi ded where required to protect the qua l i t y  of 

surface water and groundwater . 

4 . 1 . 1 0 . 3  Land Use 

• Forest vegetation on steep ravines should no t be cl eared if the heigh t  of 

the spanning conductors is suffi cient to precl ude jeopardi zing the 

opera tional integr i t y  of the proposed l ines . 

• As necessary, temporary fences,  gates , ca ttle guards , etc . should be 

installed to control and minimi ze disturbance to l i vestock during project 

construction and operation . 

• To the extent practi cable,  cons truction act i vi ties shoul d be scheduled to 

minimi ze damage to standing crops and l imi t interference wi th land use 

opera tions . 

• Appropri ate federal ,  state, and local agencies should be consul ted as 

necessary to refine construct i on procedures in accord wi th s i te-specific 

condi t i ons to further ensure that land-use impacts rel a ted to the des i gn ,  

construction, and opera tion of the proposed transmission fac i l i ties would 

be minimi zed . 

• Provi sions for screening the proposed transmi ssion faci l i ties shoul d 

incl ude cons i dera tions for minimi zing the length of the transmi ssion l ine 

segments vi sible from a gi ven van tage poin t .  Thi s  could involve 

estab l i sh ing plantations of low-growing trees across or near the edge of 

the righ t -of-wa y in s tra tegi c areas . In some pl aces , feather cutting of 

exi sting vegetation ( i . e . ,  onl y  tall trees removed) wi thin the inner edge 

of the righ t -of-wa y  ma y be effect i ve .  

4 . 1 . 1 0 . 4  Ecology 

Many of the commi tted and suggested mit igat ive measures to m1n1m1ze 
impacts to land , forest , and hydrolog ical resources would effect ively reduce 
poten t ial impacts to ecological resources as well . The following mit igat ive 
measures are des igned more spec ifically to protect fish , w i ldl ife , and �he ir 
habitats and should be considered for use by the App l i cant : 

• No debri s  resul ting from peri odi c vegetation managemen t should be pl aced 

wi thin the h i gh water mark of any wa terbody . If tree tops and sl ash are 

not disposed of wi thin 8 m ( 26 ft ) of perenn i al and in termi tten t  streams , 

the potential for forma tion of debris dams wo ul d be reduced (L ynch et al . 

1 98 5 ) . 

• Erosion gul l i es and depress i ons found on the rights -of-wa y that carry 

water from hea vy rains should be fi l l ed wi th brush from cl earing 

operations ( Ulrich 1 9 76) . Th is woul d trap sedimen ts and eventual l y  

stab i l i z e  such areas . 

• Construction and clearing opera tions in streams ( e . g . , for access roads ) 

should be restr i cted during fi sh nesting and spawning peri ods . [ For 
brook and brown trout (major game spec ies of concern ) this is  dur ing late 
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summer to early fall . Such restr ict ions could be l i fted if it can be 
satisfactorily demonstrated that natural reproduc tion does not occur in 
the stream or that nest ing or spawn ing act i v i t ies do not occur w i th in the 
part icular section of s tream to be crossed . ]  

• Prior to the disturbance of gravel stream bottoms , the potential of the 

area for use as a spawning si te should be determined, and if presen t,  be 

a voided . Local fi shery experts should be consu l ted in thi s  matter . 

• During the spring thaw peri od or during peri ods of un usuall y heavy 

rainfal l ,  a ccess roads should be closed to construct ion veh i cl es and 

equipment to mini mi ze unacceptable environmen tal damage . 

• In wetl ands , construction act i vi ti es sho uld be conducted , if practicable, 

when the ground i s  frozen . Howe ver, in in termi ttent wetlands , 

construction coul d  also be conducted when the ground i s  en tirel y dry .  

4 . 1 . 1 0 . 5  Soc ioeconomics and Cul tural Resources 

• The Appl i cant should select constructi on -phase access rou tes so as to 

minimi ze adverse impact to local traffi c flows and other disturbances to 

communi t ies along the right-of-wa y . Communi t ies sho uld be gi ven pri or 

notification of impending cons truction activi ties on their portion of the 

corri dor . 

• The Appl i cant should complete the s i gnifi cance eva l uation and impact 

assessment process in consultation wi th the New Hampshire and 

Massachusetts Hi s toric Preservation Offi cers . 

• If i t  i s  determined tha t impacts would occur to s i gnifi can t si tes ( i . e . ,  

those el i gible for incl usion in the Na tional Regi ster) , a mi tigation plan 

should be developed in consultation wi th the State Hi s tori c  Preserva tion 

Offi cers and the Advi sory Council on Hi stori c Preservation . 

4 . 1 .  1 0 . 6  Health and Safety 

• Residents adjacent to the transmi ssion l ines should be informed of the 

possibi l i t y  of induced shock and of the fact that the u t i l i t i es would 

ground their equipment upon reques t .  Pa cemaker patients should be 

especi al l y  informed . 

4 . 2  CONSEQUENCES OF ALTERNAT I VES TO THE PROPOSED ACTION 

4 . 2 .  1 Alternat ive Des igns 

4 . 2 .  1 . 1  Air  Qua lity 

No not iceable d i fferences in a i r  qual i ty would occur due to d i fferences 
in s tructure des ign , conductor spac ing , or other overhead des ign changes . 
Placement of the l ine underg round would el iminate poten t ial air  quality 
changes that could occur w ith overhead transmiss ion l ine operat ion ( e . g . , 
ozone increases ) . However , air-qual ity changes related to overhead 
transmiss ion l ine operat ion were no t determined to be s ign i ficant ( Sec­
tion 4 . 1 . 1 ) .  More intensive construct ion act ivit ies assoc iated with the 
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installation of an underground sys tem coul d increase fug i t i ve dust and eng ine 
em iss ions over that expected for construct ion of an overhead sys tem . 

4 . 2 . 1 . 2 Land Feat�res and Use 

Geology and So ils 

Al ternative overhead l ines w i th d i fferent types of structures , conductor 
s izes , and con figurat ions ( ER ,  Vols . 2 and 4 ) ,  includ ing the ±450-kV DC trans­
miss ion l ine , the 345-kV AC l ine , and double-ci rcu i t  1 1 5 -kV AC l ines , would 
have s imilar geolog ic and so il  impacts . Poten t ial eros ion due to soil 
d isturbance dur ing construct ion and ma intenance could in i t iate geolog ical 
instab i l i ty ,  such as landsl ides , slump ing , and mass was t ing near sloping 
areas , such as at stream cross ings . 

The geologic impacts of an underground transmiss ion l ine would be greater 
than for al ternative overhead l ines s ince more extens ive terra in excavat ion , 
grad ing , and related cable-lay ing and backfi l l ing act ivit ies would be 
required . Trenching for the 2986km

3 
( 1 85-mi ) undergrouni l i�e would requ ire 

excavation of 0 . 78 to 1 . 1  x 10 m ( 1 . 0 to 1 . 4 x 10 yd ) of mater ial , 
depending on whether i t  is  a DC or AC fac i l i ty . The underground l ine 
alternative would also neces s i tate removal of unused excavated material Gro� 
the s i te for d i spo�al �nd transpor t to the area of about 0 . 2  to 0 . 3  x 1 0  m 
( 0 . 24 to 0 . 4  x 1 0  yd ) of thermal sand for the trenches . The longer 
construct ion t ime for the underground l ine would increase the t ime excavated 
mater ial would be exposed to the elements , and therefore would increase the 
potent ial for eros ion . M i t igat i ve measures descr ibed in Section 2 . 1 . 5 could 
be taken to minimize potential geologi c  and soil impacts . 

Land Use 

Land-use impacts assoc iated w i th the al ternative structure des igns would 
not mean ingfully d iffer from those d iscussed in Section 4 . 1 . 2 . 3 ,  wh ich 
includes cons iderat ions of the proposed s teel latt i ce H-frame structures . 
However , structure design does influence land use , depend ing on the land use 
involved . For example , structure des ign is  a negl i g i ble cons iderat ion w i th 
respect to use of pas tureland , s ince l ivestock would graze areas adjacen t to 
and w i thin  the base of structures . I n  the case of agr i cultural croplands , 
however , the area w i thin the structure base , as wel l as add i t ional area around 
the base , would be unava ilable for product ion due to the area requi red for 
maneuver ing farm mach inery . In general , cropland unava ilable for product ion 
around four-legged structures is  two or more t imes greater than that for the 
two-legged H-frame structures ( Scott 1 98 1 ) .  The use of s ingle-pole s tructures 
would enta i l  even less land area . I n  v iew of the l im i ted cropland along the 
proposed route and the fact that cropland would be spanned wherever pract ical 
( ER ,  Vol . 3--p . 204 ) , use of any of the al terna t i ve structures would not 
mean ingfully alter proj ect-related land-use impacts . 

The construct ion of e i ther of the al ternative DC or AC underground 
transmiss ion systems would result in extens ive land-use confl icts . Excavat ion 
of trenches for the underground systems would d isrupt land-use patterns along 
the ent i re length of the proposed route . For example , some agr i cul tural 
cropland and pasture would be d i ssected to the extent that the tracts would 
not be of feasible s ize for agr i cul tural management .  The excavat ion , 
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ex tens ive earth moving operat ions , transpo rt of materials to construct ion 
s i tes , and offs i te di sposal of excess excavated mater ials would contribute to 
relat ively intense construction act ivities . Thus , levels of fug i tive dus t ,  
construction noise , and cons truct ion traffic would impact res idential , 
commercial , and industrial land use to a greater extent than would be the case 
for construction of an overhead transmission system. Interference w i th use of 
local transportation routes would also be relatively severe . 

Follow ing construct ion of  e i ther the DC or AC underground transm iss ion 
system , reclamat ion of d i s turbed areas would tend to promote restoration of 
some preconstruct ion land-use patterns . However , some land-use cons traints 
would prevail  throughout the operation of the underground system . The 
r ight-of-way overly ing the bur ied cables would be maintained free of trees and 
shrubs ( ER ,  Vol . 4--p . 84 ) .  Furthermore ,  permanent roads wou ld be constructed 
to access fac i l i t ies , including manholes to cable spl ic ing s tat ions located at 
0 . 5-km  ( 0 . 3-mi ) to 0 . 8- km  ( 0 . 5 -mi ) intervals along the en t i re length of the 
underground system . The d is tance between manholes would depend on the 
underground system involved ( ER ,  Vol . 4--Sec . V I . B ) . 

4 . 2 . 1 . 3 Hydrology , Water Qual i ty , and Water Use 

Surface Water 

All overhead l ine des igns cons idered would have s imilar surface-water 
impacts rela t ive to water eros ion , poten t ial reduct ion in water qual ity ,  
al tered drainage patterns , increased surface runoff , and damage to ri ver­
ban ks . The adverse impacts assoc iated w i th construct ion of underground 
transmiss ion l ines would be greater than for any of the overhead transmiss ion 
l ine alternat ives . This is because there would be more extens ive terrain 
excavat ion , grad ing , and backfill ing for trenches and spl i c ing manholes , and a 
longer construct ion t ime for underground transmiss ion fac i l i t ies . In  
add i t ion , the underground cabl e would requ ire  boring of sl eeves at highway and 
rai l road cross ings , and r iver cross ings would require cut and fill , jetting , 
boring , or tunnel ing ( E R ,  Vol . 4 ) . These construct ion act ivit ies could cause 
contaminat ion of surface water , particularly dur ing per iods of high surface 
runoff . Surface-water impacts could be minimized by the proposed mit igat ive 
measures d iscussed in Section 2 . 1 . 5 . 3 .  

Groundwater 

Potent ial adverse impacts on groundwater cond it ions , includ ing aqu ifer 
con tamination and dis rupt ion of shallow g roundwater flow patterns , would be 
s im ilar for all overhead des ign options . The groundwater impacts of the 
underground transmiss ion l ine would be greater in compar ison w i th overhead 
transmiss ion l ines s ince the underground l ine would require more extens ive 
excavation . 

4 . 2 . 1 . 4 Ecology 

The nature and extent of impacts assoc iated w i th any overhead des ign 
alternat i ves would be s imilar to those d i scussed for the proposed designs 
( Section 4 . 1 . 4 ) . Overall ,  construct ion of an underground sys tem would have 
greater adverse impacts to terrestr ial biota . The ri ght-of-way i n i t ial ly 
would have to be completely cleared of vegetation , and after project 
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complet ion would have to be ma intained in a grassy cond i t ion . Large and more 
mobile w i ldl ife would be affected s imi larly to what was d i s cussed for an 
overhead system . However ,  smaller and less mob ile spec ies ( e . g . , small 
mammals , reptiles , and amphib ians ) would be destroyed in greater numbers due 
to the extens ive amount of clear ing , trench ing , and construct ion ac t i v i t ies 
that would occur w i th instal lat ion of an underground system . Conversely , 
potent ial for b i rd str ikes associated w i th overhead l ine des igns would be 
el iminated with an underground sys tem ( except in  local ized areas near 
trans i t ion fac i l i t ies , converter terminal s ites , and AC substat ions ) .  
However ,  the impact assoc iated w i th the proposed des ign relative to b i rd 
str ikes was concluded to be negl ig ible ( Sect ion 4 . 1 . 4 . 1 ) .  

An underground system would more adversely affect aquat ic systems and 
wetlands , espec ial ly when construction could not be rerouted around such 
areas . Hab itat impa i rment would occur with in the immed iate area of construc­
t ion . Impacts assoc iated w i th increased suspended so l ids and sed imentat ion 
would occur away from the construct ion area ( e . g . , downstream in the instance 
of stream cross ings ) .  Hydrolog ic impac ts could also result from trench ing 
act i v i t ies with in a wetland . I ncreased po tent ial for eros ion due to trench ing 
act i v i t ies could also impact aquatic  systems and we tlands located adjacent to 
construct ion areas . W i th use of proper mitigat ive measures and construct ion 
techn iques , adverse impacts to aquatic  and wetland systems would ma inly be 
confined to the per iod of construction plus the t ime needed for hab i tat 
recovery . Recovery rates are usually less than one year , but in selected 
cases have been est imated to take up to five y ears or more .  Poten t ial 
ma intenance-related impacts would also be greater for an underground system , 
s ince retrench ing woul d be requi red . 

Dur ing the l i fet ime of the project , the area cover ing an underground l ine 
would have to be ma intained in a grass-l ike cond i t ion . Th is  probably would 
not greatly affect spec ies w i th a wide range of habi tat requirements or wide­
rang ing hab i ts , but would l imit the d ivers i ty of smal ler , less mob ile  spec ies 
that inhabi t  fores ted edge or shrub hab i tats more commonly assoc iated w i th 
overhead transmiss ion l ine systems . 

4 . 2 . 1 . 5 Soc ioeconom ics 

Impacts generated by alternative des igns would be the same as those 
projected for the proposed act ion , except in the case of a bur ied AC or DC 
transmiss ion l ine . Burial of the transmiss ion l ine would create both 
temporary and , to a lesser extent , long-term d i srupt ion of traff ic flows and 
increased no ise and fug i t ive dust levels . There could also be some short- and 
long-term loss of agr i cultural production . However , high construct ion and 
maintenance costs might have pos i t ive effects on the local economy . 

4 . 2 . 1 . 6 V isual Resources 

Two ex ist ing transmiss ion l ines occur w i th in the segment of the proposed 
DC transmiss ion l ine route for which alternative structure des igns have been 
iden t i fied . Among other factors , compatib i l i ty of l ine and form between 
features of the landscape is conducive to visual harmony . Thus , the structure 
des igns of the exist ing transmiss ion l ines w i thin the common corr idor are 
relevan t to the des ign of the proposed and al ternat ive structures for the 
proposed DC transmiss ion l ine . The two existing transmiss ion l ines are 
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supported by latt ice-type structures . The proposed s teel lat t i ce H-frame is 
more v isually compat ible w i th the structure of the exist ing transmiss ion l ines 
and therefore would be least intrus ive in local landscape sett ings . At the 
other extreme , the s teel latt ice , waist-type s tructures would be most 
d isrupt ive w i th respect to landscape qual i ty . 

Dur ing the construction pe r iod , act i v i t ies associated e i ther w i th a DC or 
AC underground transmiss ion system would result in a greater level of v isual 
impacts than for construct ion of an overhead transmiss ion system . The visual 
impacts also would probably be more endur ing , s ince the cons truct ion per iod 
for the underground system would l i kely be more extended . Excavations along 
the ent ire length of the proposed l ine , extens ive ear th-mov ing ope rat ions at 
construct ion s i tes , and a h igh level of construction ac t i v i ty would severely 
degrade the qual i ty of affected landscapes . V iews from res ident ial and 
commercial areas would be strongly affected , and users of recrea tional s i tes 
and routes ad jacent to construct ion s i tes would be subject to visual impacts 
that would s trongly detract from recreat ional exper iences . 

Following reclamation of d isturbed areas assoc iated w i th construct ion of 
an underground sys tem , the vi sual impacts would be relatively minor compared 
with those associated w i th overhead transmiss ion l ines . A princ ipal source of 
visual impacts associated with underground sys tems der ives from the need to 
ma intain the r i ght-of-way overly ing the bur i ed cables free of tree and shrub 
vegetation ( ER ,  Vol . 4--p . 9 1 ) .  Thus , the r ight-of-way would cause d isruptive 
visual contras t ,  particularly in forested landscapes . 

4 . 2 . 1 . 7 Cultural Resources 

Use of al ternat ive structure types ( s ingle pole and wa isted ) could have 
long-term visual impacts on some cul tural resource s i tes ( spec i f i cally , 
histor ical s i tes ) above those of the e x i s t ing r ight-of-way and transmiss ion 
l ines ( Sect ion 4 . 2 . 1 . 6 ;  E R ,  Vol . 4--p . 77 ) . Othe r al ternat ive des igns would 
have the same effects on cul tural resources as the proposed project , w i th the 
except ion of transmiss ion l ine bur ial , whi ch could cause s ign ificant impacts 
to archeolog i cal s i tes due to surface and subsurface d isturban ce dur ing 
construction and ma in tenance ( ER ,  Vol . 4--p . 9 1 ) .  

4 . 2 . 1 . 8 Heal th and Safety 

Heal th and safety effects for overhead transmiss ion sys tem al ternat ive 
des igns would be comparable to those described for the proposed route ( Sec­
t ion 4 . 1 . 8 ) . Potent ial impacts assoc iated w i th operation of overhead 
transmiss ion l ines ( e . g . , electr ic field , a i r  ion s )  would be reduced or 
el iminated w i th an underground system . However ,  an increase in herb i c ide use 
could be expected as a result of more intens ive main tenance requ irements for 
an underground system . Never thel ess , when handled and appl ied properly , 
herb ic ides can be used safely . Construct ion-related acc idents would be 
potent ially greater for an underground sys tem because of increased 
ins tallation act i v i t ies . 

4 . 2 . 1 . 9 Rad io and Televis ion Interference 

G iven the proposed des ign parameters , spac ing , and he ights of pole 
conductor bundles , nei ther the proposed nor al ternat ive structures could 
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apprec iably influence rad io and televis ion interference . Th is  is because 
interference phenomena essent ial ly der ive from corona d ischarges from surfaces 
of act ivated conductors . Faulty or dirty insulators and loose conductor 
fitt ings may also con tribute to rad io and telev is ion interference . Ne ither 
the al ternat ive DC nor AC underground sys tem would influence rad io or 
televis ion reception , s ince there is essent ially no electr ical field around 
cables of an underground transmiss ion sys tem ( Bonneville Power Admin istration 
1 982 ) . 

4 . 2 . 2 Al ternat ive Routes and Converter Terminal S i tes 

4 . 2 . 2 . 1 Air  Qual i ty 

Expected a i r-qual i ty impacts along the Tewksbury , eastern , or western 
al ternat ive routes would be ident ical to those expected for the proposed 
route . 

4 . 2 . 2 . 2  Land Features and Use 

Geo logy and So ils  

The Tewksbury al ternat ive DC  transmiss ion l ine would traverse about 
9 . 5  km ( 5 . 9  mi ) of potent ially erod ible soils compared with about 8 . 7  km 
( 5 . 4  mi ) crossed by the proposed DC transmiss ion l ine . About 9 . 3  km ( 5 . 8 mi ) 
of s lopes greater than 20% would be crossed by e i ther route ( E R ,  Vol . 4 ) .  No 
s ignificant d ifferences in geolog ic and soil  impacts between these two routes 
are expected . The eastern and western alternative DC transmiss ion l ines would 
traverse about 2 1 . 1  km ( 1 3 . 1 mi ) and 22 . 2  km ( 1 3 . 8  mi ) of terrain with cen ter­
l ine slopes of 20% or more , respectively ( ER ,  Vol . 4 ) . I n  add i t ion , the 
eastern and western alternative l ines would requ i re more access road cons truc­
tion and have more  than e ight t imes the clear ing area requi red for the pro­
posed DC l ines ( ER , Vol . 4 ) . This would result in greater so il eros ion 
potent ial along the eas tern and western al ternative routes in compar ison with 
the proposed DC transmiss ion l ine route . 

Land Use 

Land-clear ing requi rements fo r the proposed DC transm iss ion l ine route 
would exceed those for the al ternat ive DC Tewksbury route ( ER ,  Vol . 4-­
Tab le  IV -2 ) . The d i fferent ial of about 73 ha ( 1 80 acres ) would essent ial ly 
resul t from widening the cleared portion of an established transmiss ion l ine 
cor r idor within which the proposed DC l ine would be const ructed . The 
po tent ial impacts on other land-use categories would be relat ively s imilar for 
the proposed and al ternative Tewksbury routes . Thus , the impacts on existing 
land-use pat terns would not be a s ignificant issue in choos ing be tween the two 
routes . 

Adopting e i ther the eastern or western al ternat ive DC routes would result 
in relat ively severe land-use confl icts . Development of the eas tern 
al ternat ive DC route would enta i l  acqu ir ing about 64 1 ha ( 1 , 585 acres ) for 
r ight-of-way ( ER ,  Vol . 4 --Table I V-4 ) . About 44 1 ha ( 1 , 090 acres ) of 
add i t ional r ight-of-way would have to be acqu ired for the western al ternative 
DC route ( ER ,  Vol . 4--Table I V - 6 ) . In  e ither case , local land-use patterns 
would be apprec iably d isrupted . Land clear ing fo r each of the al ternat ive 
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routes would exceed 688 ha ( 1 , 700 acres ) ,  areas over e ight t imes greater than 
for the proposed DC route . The pr inc ipal land-use impacts associated w i th the 
two alternative DC routes would resul t from d isruption of establ ished 
res ident ial and commercial land use . Development of the eastern al ternative 
route would en ta i l  relocation of 40 to 60 res iden t ial un i ts and bus iness 
estab l i shments . An est imated 35 home and bus iness s i tes would be d i sp laced 
from the r ight-of-way for the wes tern al terna t i ve DC route ( ER ,  Vol . 4 - ­
Table I V -6 ) . 

The wetland or swamp forest port ion of the alternative Tewksbury 
converter terminal s i te represents pass ive land use . The rema inder of the 
s i te is used for transmiss ion line  r ights-of-way and related substat ion 
fac i l i ties ( ER ,  Vol . 1 --Sec . V ) . Some of the u t i l i ty fac il i t ies would be 
relocated ; however , development of the al ternative converter terminal wou ld 
not involve s ignifican t issues relat ive to active land use . 

4 . 2 . 2 . 3  Hydrology , Water Qual i ty ,  and Water Use 

Surface Water 

The proposed DC transmiss ion l ine would cross 209 streams and r i vers and 
1 2  lakes and ponds , compared w i th 1 9 1  streams and r ivers and 1 0  lakes and 
ponds for the Tewksbury al ternat ive route ( ER ,  Vol . 4 ) . The two l ines would 
have comparable potent ial impacts to surface-water resources . There are no 
surface-water data ava i lable for the eas tern and wes tern alternat i ve rou tes ; 
however , based on the areas to be d i s turbed ( Sect ion 4 .  2 .  2 .  2 ) , the adverse 
surface-water impacts for the proposed route are expected to be less than 
those for the two alterna t i ve routes . The types of surface-water impacts are 
d iscussed in Section 4 . 1 . 3 . 1 .  

Groundwater 

Some adverse impacts on groundwater cond i t ions , includ ing aqu ifer con ­
tamination and d i srupt ion of shal low groundwater flow patterns , would be 
s imilar for the proposed rou te and the alternat ive routes . There would be no 
s ignifican t d i fferences in groundwater impacts among the proposed and 
alternat ive routes . Mo re detai led d i scussions on groundwater impacts of the 
proposed route are g iven in Sect ion 4 . 1 . 3 . 2 .  

4 . 2 . 2 . 4  Ecology 

Terrestr ial 

The nature of impacts to vegetation and w i ldl ife along the al ternative 
routes would be as desc r i bed in Sec t ion 4 . 1 . 4 . 1 .  Select ion of the Tewksbury 
alternat ive would necess i tate clear ing of about 73 ha ( 1 80 acres ) less forest 
than woul d select ion of the proposed route , but would require more relocat ions 
of e x i s t ing l ines , wh ich would increase construct ion ac tivit ies and related 
d isturbances . The eastern and wes tern alternatives would requ ire more 
clearing than the proposed route : 693 . 3  ha ( 1 , 7 1 3  acres ) and 7 1 6 . 3  ha 
( 1 ,  770 acres ) ,  respect i vely ( E R ,  Vol . 4 ) . However , these d i fferences are 
unl i kely to s ign i ficantly al ter impacts , because any rou t ing alternative would 
requ ire clear ing of only a small percentage of the forest resources in the 
study area . The potent ial impacts to terres tr ial fauna would be 
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proport ionally related to d i fferences in fores t areas cleared among the 
al ternative routes , but the s ignificance of the impacts relat ive to the s tudy 
area would be min imal . 

Aquatic ( Including Wetlands ) 

Environmental consequences for aquatic  and we tland biota along the alter­
native corr idors would be of the same nature as described for the proposed 
route ( Sect ion 4 . 1 . 4 . 2  and Appendix B ) . Impacts to s treams would be compar­
able , as they would be spanned in almost all cases . A greater expanse of 
wetlands would be crossed by the proposed route ( 1 5 km [ 9 . 3  mi ] )  than by the 
eastern ( 1 0  .'3 km [ 6 .  4 mi ] )  or western ( 6 .  1 km [ 3 .  8 mi ] )  al ternatives . 
However , relocat ions and improved access needs for the al ternat ive routes 
could affect these d i ffe rences . Also , both the eastern and wes tern al terna­
ti ves have about twice the expanse of slopes of over 20% than the proposed 
route ( ER ,  Vol . 4 ) .  Th is could increase the potential fo r eros ion-related 
impacts to streams and we tlands . 

The Tewksbury alternat ive would requ ire clear ing of 4 . 8  ha ( 1 1 . 9 acres ) 
of wetlands compared w i th 3 . 4  ha ( 8 . 3  acres ) fo r the proposed route , w i th an 
accompany ing wetland d isplacement of 1 7 . 3  acre-feet compared with 1 0 . 2  acre­
feet and a floodplain d isplacement of 20 . 2  acre-feet compared w i th 3 . 2  acre­
feet . Th is would resul t pr imar ily from the floodpla in and we tland area 
occupy ing the s i te of the alternate Tewks bury converter terminal s i te ( ER ,  
Vol . 4 ) . 

Threatened and Endangered Spec ies 

There are no threatened or endangered plant taxa from the federal l ist or 
proposed for inclus ion on the l ist that are known to be found along the 
al ternative routes ( Crow 1 982 ) . As for the proposed route , rare taxa of 
plan ts might occur but would be unl ikely to be impacted ( Sect ion 4 . 1 . 4 . 4 ) . 
Impacts to threatened or endangered wild l i fe would be equally un l ikely . 

4 . 2 . 2 . 5  Socioeconomics 

Soc ioeconomic impacts of the Tewksbury al ternative would be s imilar to 
those of the proposed project . Both the eastern and wes tern alternative 
routes would have comparatively high impact because of the acqu i s i t ion of new 
r i ght-of-way . The App l i cant est imates that the eas tern al ternat ive would 
requ ire an add it ional 6 4 1 ha ( 1 ,  585 acres ) of expanded right-of -way , 
necess itating re locat ion of 40 to 60 homes and bus inesses . I t  is  also 
an ticipated that access road cons truct ion would be more subs tan tial for this 
al ternative route , thus creat ing a potent ial for increased levels of traffic 
flow , d isrupt ion , noise , and fug it ive dus t in local commun i t ies along the 
r ight-of-way ( ER ,  Vol . 4 --pp . 60-62 ) .  

The western alternat ive would requ ire 44 1 ha ( 1 , 090 acres ) of expanded 
right-of-way and re locat ion of about 35 homes and bus inesses . As in the 
prev ious case , h igher access road demands would have po ten t ial d is turbance 
effects ( traff ic flow , noise , and dus t )  on ad jacen t commun i t ies ( ER ,  Vol . 4-­
pp . 69-7 1 ) .  It  is  also poss ible that the s ignificant visual impacts projected 
for the northern segment ( from the Comerford converter terminal and Wilder 
substat ion ) ( see Sect ion 4 .  2 .  2 .  6 )  could have some impact on property values 
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in the Connect icut R iver Val ley , al though the relat ionsh ip between 
transmiss ion l ine construct ion and property values rema ins problematic 
( K innard and Stephens 1 965 ; Vredenburgh 1 974 ; U . S .  Department of Energy 1 983 ) . 

4 . 2 . 2 . 6  V isual Resources 

The northernmost segments of the proposed DC transmiss ion l ine and the 
alternat ive DC Tewksbury l ine share a common rout ing for about 1 80 km 
( 1 1 2 mi ) ,  virtually the total distance w i th in an establ ished transmiss ion l ine 
cor r idor . Thus , potent ial v isual impacts assoc iated w i th these two l ine 
segments would be s imilar . The rema inders of the two routes traverse 
relat ively s imilar terrain and landscapes of relat ively s imi lar qual i ty .  
However ,  visual impacts related to the proposed DC route would be less severe 
than those of the Tewksbury DC route , primar ily due to the follow ing 
cond i t ions . To provide adequate r i ght-of-way for the Tewksbury l ine , exist ing 
transmiss ion l ines w i th in a 7 . 2- km  ( 4 . 5 -mi ) segment of an establ ished 
transmiss ion corr idor would be al tered . An e x i s t ing 1 1 5- kV AC l ine would be 
relocated , and an e x i s t ing 230-kV AC l ine and a planned 345-kV AC l ine would 
be mounted on double-c i rcuit structures . Following these mod i f i cat ions , the 
parallel ing transmission l ines w i thin the establ ished transmiss ion corr idor 
would involve support structures of s i x  d i ffer ing des igns . Fur thermore , the 
double- c ircu i t  structures would be about 1 1  m ( 35 ft ) taller than other 
structures in the corr idor ( ER ,  Vol . 4--Table I V -2 ) . The d i ffe r ing designs 
and he ights of structures would . be h ighly intrus ive in local landscapes and 
v is ible to numerous v iewers , includ ing travelers on U . S .  I -495 . 

The potent ial for v i sual impacts assoc iated w i th the eastern and western 
alternative DC routes would substant ially exceed that for the proposed DC 
route . The comparat ively extens ive forest clear ing requirements for the two 
alternative routes would be in trus ive in numerous local landscapes . 
Add i t ionally , the two al ternat ive DC routes traverse relat ively numerous 
concentrat ions of res iden tial and commercial developments . Thus , transmiss ion 
fac i l i t ies would be vi ewed by comparat i vely large numbers of local res idents 
as we ll as the travel ing publ ic . Levels of v i sual impacts would be 
part i cularly high along the northern segment of the western al ternat ive DC 
route that general ly paral lels the Connect icut River Val ley . 

Much of the alternative Tewksbury converter terminal s i te is  now c leared , 
and the immed iate landscape views are dominated by transmiss ion and substat ion 
fac i l i t ies . Thus , development of the al ternat ive terminal s i te would not 
apprec iably degrade local land scapes . Vegetation surround ing the s i te 
prov ides a relat ively effect i ve screen that l imits v iew ing d i stance , and the 
converter terminal would not normally be v i s i ble to the general publ i c .  

4 . 2 . 2 . 7  Cultural Re sources 

Adverse effects to cultural resource s i tes along the Tewksbury 
alternative route cannot be prope rly assessed w i thout survey results from the 
r ight-of-way ( wh i ch includes a 23 . 5 -km [ 1 4 . 6 -mi ] interval of e x i s ting r ight­
of-way both in New Hampsh i re and Massachusetts that is  not par t  of the pro­
posed project ) and converter terminal s i te .  No s i tes are presently l i sted on 
the Na t ional Reg ister ; one archeolog ical s i te is located on the r ight-of-way 
( ER ,  Vol . 4 --p . 5 1 ) .  I t  is  unl ikely that this  al ternat i ve route and 
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substation s i te would cause s ignificant unmitigable impacts to archeolog i cal 
or h istor i c  s i tes . 

The eastern and western al ternat ive routes would requ ire acqu i s i t ion of 
substant ial new r ight-of-way areas ( 64 1  and 44 1 ha [ 1 , 585 and 1 , 090 acres ] ,  
respecti vely ) that have not been surveyed for cultural resources ( Office of 
Publ i c  Archeology , 1 985--pp . 1 -2 )  . Surveys would be necessary in order to 
assess impacts to s i gn ifican t s i tes and determine appropriate m i t igat ive 
measures . Al though a h igh potent ial for s i tes ex ists in  the Connect i cut River 
Valley , along the northern segment of the western al ternat i ve ( Comerford 
converter terminal to Walpole , New Hampshi re ) , most impacts could probably be 
m itigated by avo idance , and , if necessary , data recovery . 

4 . 2 . 2 . 8  Health and Safety 

Construct ion , operat ion , and ma intenance of any of the al terna t i ve routes 
would entai l  r i sks to human health and safety s imilar to those discussed for 
the proposed route ( Section 4 .  1 .  8 ) . The potent ial for impacts among 
al ternatives would vary w i th d istance of l ine , amoun t of s tructure relocat ions 
required , whether an AC substat ion would be requ i red , and other such 
cons iderations . 

4 . 2 . 2 . 9  Rad io and Televis ion I nterference 

The potential for the occurrence of rad io and televis ion in terference is  
dependent on  the proximity of rece iver antennae to  operational transmiss ion 
l ines . The Tewksbury al ternat i ve DC route would closely parallel relat ively 
l im ited areas of res idential and commercial developments . Thus , instances of 
complaints concern ing rad io and televis ion interference ( if any ) would be 
relat ively low . Compla ints of in terference would be more l i kely w i th respect 
to the eastern and wes tern al ternative DC routes , s ince these routes would 
parallel areas of substant ial ly greater res iden t ial and commerc ial land ::use . 
Operat ion of the Tewksbury al ternative converter terminal would not influence 
recept ion qual i ty of rece i ver un i ts in proximity to operat ional transmiss ion 
l ines . 

4 . 3 .  ADVERSE EFFECTS THAT CANNOT BE AVO I DED I F  THE PROJECT I S  IMPLEMENTED 

4 . 3 . 1 A i r  Qual i ty 

No ser ious a i r-qual i ty impacts are an ticipated if  the pro j ect is  
implemented . 

4 . 3 . 2  Land Features , Hydro logy,  Water Qual i ty,  and Water Use 

Desp i te the use of mit igative measures to con trol eros ion , some 
unavo idable increases of so i l  eros ion and sedimentat ion w i thin creeks and 
r i vers would result from construct ion ac t i v i t i es , particularly dur ing the 
thunderstorm season . I n  add it ion , minor mod ificat ion of natural topography , 
drainage patterns , and slopes would be unavo idable . Construct ion act i v i t ies 
would resul t in temporar ily increased suspended solids and turb i d i ty in 
surface waterbodies of the project area . 
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4 . 3 . 3  Land Use 

Land use w ith in the des ignated transmiss ion l ine r ight-of-way would be 
con trolled dur ing the l ifet ime of the proj ect and l imi ted to those pract ices 
and activit ies that are compat ible w i th the operat ion and ma intenance of the 
l ine . 

Small areas around structures located in croplands would become 
unavailable for agr icul tural use . The cumulat ive area affected would be of 
minor consequence . 

About 1 35 ha ( 334 acres ) of forest would be converted to and ma in ta ined 
as shrub and grassland vegetat ion for the durat ion of project operation . The 
add i t ional 1 2  ha ( 30 acre s )  of forest cleared for the conver ter terminal s i te 
would represent a long-term comm i tment of forest resources , pend ing even tual 
d i smantl ing of terminal fac i l i t ies and reclamat ion of the s i te . 

Minor depos its of sand and gravel would become unavailable in order to 
preserve the structural and operat ional integr i ty of the proposed l ine . 

Development of the proposed transmiss ion l ine would not d isplace or 
prec lude use of any developed public recreat ional s ites or fac i l i t ies ; 
however , recreat ional par t icipan ts in the vicin i ty of the l ine could be 
exposed to views of the transmiss ion facil i t ies that would detract from the 
qual i ty of the recreat ional exper ience . 

Despite plann ing efforts , project-related traffic and cons truct ion 
act ivit ies would var iously interfere with publ ic use of local transpor tat ion 
routes dur ing the construct ion phase of the proposed proj ect . 

V i sual resources would be adversely affected throughout the immed iate 
pro j ec t  area , but some impacts would be l imited to the construct ion phase of 
the project . V irtually all visual impacts related to the presence of the 
transmiss ion fac i l i ties would be incremental in nature . 

4 . 3 . 4  Ecology 

About 1 47 ha ( 364  acres ) of fores t hab i tat  at the proposed converter 
stat ion , ground electrode s i te , and along the proposed route would be cleared , 
but i t  is  not ant ic ipated that this would resul t in ser ious effects upon local 
w ildl ife populat ions . I ndeed , some spec ies would benefi t from the clear ing of 
the wooded hab itat . 

Disturbance of aquatic and wetland hab itats and the ir assoc iated b iota 
would be an envi ronmental impact of the proposed project and would pr imar ily 
occur dur ing construct ion act ivit ies . The environmental impacts expected from 
construct ion and operat ion of the transmiss ion l ine would cons ist  primarily of 
tran s i tory effects on aquatic b iota due to construct ion , provided that proper 
mit igative measures are implemented . Overal l ,  a max imum of 7 . 7  ha ( 1 9 acres ) 
of wetland hab itat would be lost for support foundations and access roads . 
Impacts to reg ional hab i tats and b iota would be minor . 
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4 . 3 . 5  Socioeconomics and Cultural Resources 

No unavoidable adverse effects to socioeconomics and cultural resources 
currently are identi fied . 

4 . 3 . 6  Health and Safety 

A conservat ive in terpretat ion of the ava ilable data leads to the 
conclusion that electrostatic  fields and air  ion concentrat ions in the r ight­
of-way have the poten tial in very infrequent c ircumstances of induc ing 
ins ignificant and transient physiolog ical and psycholog ical alterat ions in 
persons frequenting th i s  area . The phys iolog i cal and psycholog ical parameters 
that could be affected would return to normal after exposure ceased . The 
sl ight alterat ions have not been assoc iated with adverse health 
consequences . Dur ing fa ir  weather periods , when ind ividuals would be most 
l ikely to frequent the r ight-of-way , elect r i c  fields and ion concen trations 
would be below the threshold reported for biolog ical effects . L i kewise , 
persons frequenting areas outs ide the r ight-of-way would not be affected by 
the ind icated electr ic phenomena , even dur ing the infrequen t extreme 
occurrences noted . 

4 . 4  I RREVERS I BLE AND I RRETRI EVABLE COMMI TMENTS OF RESOURCES 

4 . 4 . 1 Land Features 

Use of sand , gravel , fuel , oil , water , and other mater ials dur ing 
construct ion , ma intenance ,  and operat ion of the proposed transmiss ion 
faci l i t ies would const i tute an irreversible and irretr ievable commi tment of 
resources . The s i tes occup ied by transmiss ion s tructures , the converter 
terminal , and other s tructures commit  underlying resources , such as 
agr icul turally productive soi l ,  throughout the l i fe of the proj ect . 

4 . 4 . 2  Ecology 

Al though wildl ife habi tat would be altered for the l i fet ime of the 
proj ect , cover s imilar to ex ist ing hab i tat could be recovered after 
decommiss ion ing . Recovery could occur by natural succession or by revegeta­
t ion programs . Recovery of forest hab i tat would take several decades . 

Aquat ic  and wetland hab i tat cornmi tmen ts would be relatively minor . In  
most cases , lost or mod ified hab i tat could be  returned to  original cond i t ions 
after decommiss ion ing . 

4 . 5  RELATIONSHI P  BETWEEN SHORT-TERM USES AND LONG-TERM PRODUCT I V I TY 

Thi s  section summar izes the relat ionsh ip between the proposed use of the 
environment imp l i c i t  in the cons truct ion and operation of the transmiss ion 
l ine interconnect ion and its related fac i l i t ies and the act ions that could be 
taken to ma intain and enhance the long-term productivity of this same land and 
i ts resources . 

Operat ion of the interconnect ion w i l l  resul t p r imar i ly in supply ing 
electr ical power needed to meet projec ted demand . The availab i l i ty of the 
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add i t ional elect r icity w i l l  have a benefic ial effect on the economy and should 
enhance cont inued growth and improvement in the serv ice area . 

A to tal of about 1 4 7 ha ( 364 acres ) w i l l  be converted from present uses 
(mostly forested land ) to proj ect- related uses such as w iden ing of the r ights­
of-way , construct ion of the conver ter terminal , and expans ion of the ground 
electrode s i te . Of this total , less than 20 ha ( 50 acres ) w i l l  be permanently 
converted to project-related uses that would preclude other uses such as 
farm ing or w i ldl ife cover . 

4 . 6  CUMULATIVE  IMPACTS 

Implementat ion of the proposed Phase I I  of the in te rconnect ion will  
result in only very small incremental ( cumulat ive ) impacts to  the NEPOOL 
sys tem s ince the new transmiss ion fac i l i ties will  be cons tructed almost 
ent i rely on e x i s t ing r ights-of-way . S ince one of the purposes of the 
interconnect ion is to d i splace o i l  and other fuels or energy sources , the 
proposed project w i l l  actually postpone or preclude the construct ion of new 
foss i l -fueled generat ing fac il i t ies in the reasonably foreseeable future in 
the NEPOOL service area . Other pos i t ive incremental impacts inc lude fuel cost 
sav ings , the ab i l ity to ma inta in system-w ide rel iab i l i ty ,  opportun i t ies for 
energy interchange , and an increased ab i l i ty to make emergency energy 
transfers to e i ther the Un i ted States or Canada for mutual rel iab il ity 
purposes . These effects are discussed in more deta il  in Sec t ion 1 .  

Since the energy to be purchased from Hydro-Quebec is  surplus power , it  
is l i kely that the incremental effect on the Canad ian generat ing system of 
provid ing the energy will  be very small . 
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5 .  GLOSSARY 

ALTERNATI NG CURRENT ( AC )  - An electr ic current that reverses its d i rect ion at 
period ically recurr ing interval s . 

ANADROMOUS SPEC IES - Spec ies of fish that ascend into r ivers from the sea to 
spawn . 

APPLICANT - Vermont Elec t r i c  Transmiss ion Company , wh ich is apply ing for the 
amendment to Pres ident ial Permit PP-7 6 . 

AQUI FER - A water-bear ing stratum of permeable rock , sand , or gravel . 

CARRYI NG CAPACITY - The max imum number of an imals that can be suppo rted by a 
given area of hab i tat . 

COGENERAT I ON - Product ion of electrical ( or mechan ical ) energy and thermal 
energy from the same pr imary energy source . 

COLDWATER F I SHERIES - F i sh assemblage charac ter ized by trout , char , and /or 
whitefish . Water temperatures mus t  be low enough to mee t  the thermal 
requirements for survival and spawn ing for natural populat ions to be 
main tained . I f  temperatures are too high , seasonal or annual non­
susta in ing coldwater fisher ies could be ma intained through stocking . 

CONVERTER TERMINAL - Fac il ity needed to convert DC power to AC power , and vi ce 
versa , so that the proposed DC l ine can be connected to the ex i s t ing AC 
power system . 

CUMULATI VE PRESENT WORTH - The sum of a series of annual expend itures 
expressed in terms of a g iven year ' s  buy ing power of money . 

CUMULAT I V E  PRESENT WORTH OF REVENUE REQUI REMENTS - Cumulat ive present worth of 
the ser ies of annual revenue requi rements ( see defin it ion below ) of a 
g i ven proj ect . 

dB ( DEC I BEL ) - Un it  for express ing the relat ive intens i ty of sounds on a scale 
from zero for the average least-perceptible sound to about 1 30 for the 
average pa in level . 

DECL INING SPEC I ES - A spec ies whose populat ions are curren tly undergo ing a 
prolonged , noncycl ic  decline in the state and , poss ibly , many other parts 
of i ts range , and is  e i ther approach ing rar i ty or is  already very rare in 
the state . Such species are l i kely to become endangered or threatened in 
the state w i thin the near future . 

D I RECT CURRENT ( DC )  - An electr ical current flow ing in  one d i r ect ion only and 
substant ial ly constant in value . 

ECOLOGI CAL PROV INCE - A broad vegetat ive region having a uni form reg ional 
cl imate and the same type or types of zonal soils . 
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ENDANGERED SPECI ES - A spec ies class ified as being in immed iate danger of 
extinction throughout all or most of its range ( federally l isted ) ; in 
danger of extinction in a s tate as a reproducing spec ies ; rare or very 
local throughout all or much of its range , or hav ing a relat ively 
restricted geographic range ( state-listed ) .  

FOSSI L  FUEL - Fuel sources ult imately der ived from l iving things . 
foss il fuel s  are coal , o i l , and natural gas . 

HARDWOODS - General term for dec iduous trees ( ang iosperms ) .  

Major 

HEMAGGLUT I NATION - Reaction in  wh ich red blood cells  suspended in a l iqu id 
collect into clumps and wh i ch occurs espec ially as a serolog ic response 
to a specific an t ibody . 

HYDROCARBONS - Organ ic compounds often occurr ing in petroleum , natural gas , 
and coal . 

HYDROELECTRIC - Of or relat ing to production of electr i c i ty by water power . 

K I LOWATT-HOUR ( kWh ) - Uni t  of work  or energy equal to that expended by one 
k ilowatt ( 1 , 000 watts ) in one hour . 

MEGAWATT ( MW )  - 1 , 000 , 000 watts . 

PARTI CULATES - Part icles of mater ial suspended in the atmosphere . 

PCBs ( POLYCHLORINATED B I PHENYLS ) - Highly stable organochlorine compounds used 
in numerous d iverse products such as lubr icants , electr ical equ ipment , 
paints , and plas t ic izers . These compounds rema in pers istent in the 
env ironment , are b ioaccumulated , and can cause detr imental effects at low 
concen trat ions . 

PHOTOCHEMI CAL OX IDANTS Secondary gaseous pollutan ts created in the 
atmosphere from conversions and react ions of pr imary gaseous pollutants 
( such as sul fur ox ides and n i trogen ox ides ) .  They include ozone ( 03 )  and 
peroxyacetyl n itrate ( PAN ) . 

RARE SPEC I ES - Populat ions and/or ind iv iduals of a spec ies occur r ing in very 
low numbers relat ive to o ther s imi lar taxa in  the s tate , al though common 
or regularly occurr ing throughout much of thei r  range . They may occur in 
a restricted geographic reg ion or occur sparsely over a w ider area . 
Al though rare , populat ions are apparently s table .  

REVENUE REQUI REMENTS - The amoun t  of money that must be recovered or generated 
in order to pay for the interes t , deprec iation , taxes , insurance , fuel 
costs , and all  other var iable expenses associated w i th the construct ion , 
operat ion , and ma intenance of a project . 

SECONDARY CONTACT RECREAT ION - Recreat ional endeavors such as fishing or 
boating that do not generally involve con tinual d i rect con tact w i th the 
water such as swimming . 

SOFTWOODS - General term for con i ferous trees ( gymnosperms ) .  
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SPEC I AL CONCERN SPEC I ES - A species whose populat ions have been shown to be 
suffer ing a decl ine that could threaten the spec ies in the area if 
allowed to cont inue unchecked , or a spec ies that occurs in  such small 
numbers or w i th such a restricted d istr ibut ion or spec ial ized hab itat 
that it could eas i l y  become threatened . 

THREATENED SPEC I ES - A species l i kely to become endangered in  the future 
throughout all or most of i ts range ( federally l isted ) or all  of its 
range w i thin the s ta te ( state-l isted ) . 

WARMWATE R  SPEC I ES - Fish assemblage character ized by sunfish and bass ( as we l l  
a s  by those species considered trash fish , such as carp , mos t  suckers , 
and bullheads ) .  Warmwater species general ly inhab it  waters w i th 
temperature ranges w i th in which trout and other coldwater spec ies cannot 
ma inta in sel f-susta in ing populations . 
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Table A . 1 .  Summary of 1 982 Agr icultural Data for Count ies Traversed by the Proposed Phase I I  
o f  the New England/Hydro-Quebec Transmiss ion L i ne I nterconnec tion 

Categories 

Total land a rea (hectare s ) a 

Farms and land in farms 
Fa rms (numbe r )  
Average s i ze of farms (hectare s )  
Land i n  fa rms (hectare s )  
Proportion of counties i n  farms ( percent ) 

Use of land in fa rms 
Total cropland (hectare s )  

Harves ted cropland 
Cropland , pasture only 
Other cro pland 

To t a l  woodland (hectares ) 
Woodland pastured 
Woodland unpastured 

Other land (hectar e s )  
Pasture other than cropland 

and pas tured woodland 
House lot s , road s ,  was t e land , e t c  

Ma rket value o f  agricul tural products s o ld 
Total Sa les ($ 1 000) 
Average per farm ( do l lars ) 
Cr ops , including nursery and greenhouse 

p roducts ($ 1 000) 
Major commodity groups ( $ 1 0 0 0 )  

Hay ,  s i lage and f ield seeds 
Vegeta b l e s ,  sweet corn, and me llons 
Fru i t s , nut s ,  and berries 
Nursery and greenhouse products 

Live s t ock , poultry and products ( $ 1 000) 
Ma jor commodity groups ( $ 1 0 00) 

Pou l t ry and poultry products 
Dairy products 
Ca t t le and calves 
Hogs and p i gs 

a One hectare equals 2 . 47 acre s .  

b N R  indicates not repor t e d .  

Sources : Bureau of the Census ( 1 9 8 4 a ,  1 9 8 4 b ) .  

Middlesex 

2 1 , 2 7 8  

5 6 7  
2 9  

1 6 , 2 5 8  
7 . 6  

8 , 0 05 
6 , 26 9  
1 , 3 3 3  

4 0 3  

4 , 9 7 8  
4 2 5  

4 , 5 5 2  

3 , 27 5  

7 3 9  
2 , 5 36 

4 5 , 5 4 3  
8 0 , 324 

24 , 1 1 4 

889 
3 , 1 5 8  
2 , 0 54 

1 8 , 0 07 

2 1 , 4 2 9  

2 , 500 
2 , 7 6 1  

NRb 

1 , 1 3 3  

Massachuset t s  

Norfolk 

1 0 3 , 5 3 2  

205 
26 

5 , 4 2 2  
5 . 2  

2 , 1 5 5 
1 , 4 1 1  

605 
1 39 

2 , 2 84 
9 2  

2 , 1 9 2  

9 8 3  

2 3 1  
7 5 2  

9 , 1 2 1  
4 4 , 4 9 4  

5 , 9 4 1  

1 2 2  
36 1 
4 1 7  

5 , 0 30 

3 , 1 80 

358 
7 0 5  

NRb 

1 5 1  

Wor cester 

3 9 1 , 9 80 

1 , 0 1 4  
5 3  

54 , 0 7 2  
1 3 . 8  

2 3 , 2 9 8  
1 7 , 1 54 

4 , 6 36 
1 , 508 

2 3 , 6 6 3  
4 , 6 6 5  

1 8 , 9 9 8  

7 , 1 1 0  

2 , 6 9 7  
4 , 4 1 3  

4 7 , 3 1 9  
4 6 , 6 6 6  

1 3 , 0 05 

1 , 3 7 3  
2 , 1 7 1  
6 , 4 6 5  
2 , 8 4 5  

34 , 3 1 4 

9 , 8 7 3  
1 9 , 8 9 6  

2 ,  7 38 
1 , 2 1 5  

Grafton 

44 5 , 34 2  

3 9 7  
9 2  

36 , 5 7 0  
8 . 2  

1 1 , 7 6 6  
8 , 8 1 1  
2 , 6 9 5  

2 5 9  

20 , 8 34 
2 , 8 1 8  

1 8 , 0 1 6 

3 , 9 7 0  

2 , 300 
1 , 6 7 0  

1 6 , 3 20 
4 1 , 1 08 

1 , 008 

343 
80 

205 
3 5 2  

1 5 , 3 1 1  

NRb 

1 2 , 1 2 3 
2 , 1 3 7 

40 

New Hampshire 

Hi l lsbor ough 

2 2 6 , 9 7 0  

396 
55 

2 1 , 8 28 
9 . 6  

7 , 4 2 3  
5 , 94 8  
1 , 0 3 7  

4 39 

1 2 , 1 2 1  
1 , 086 

1 1 , 0 3 5  

2 , 28 3  

4 6 1  
1 , 8 2 2  

1 5 , 8 5 8  
4 0 , 0 4 5  

7 , 1 7 5  

4 4 6  
1 , 3 2 9  
4 , 04 9  
1 , 3 1 9  

8 , 6 8 2  

1 , 7 1 0  
5 , 6 2 9  

7 4 4  
2 9 9  

Merr imack 

24 2 , 394 

385 
67 

2 5 , 6 4 7  
1 0 . 6  

8 , 0 34 
6 , 00 5  
1 , 4 0 8  

6 2 2  

1 5 , 0 1 5  
1 , 8 2 3  

1 3 , 1 9 2  

2 , 59 7  

1 ,  4 1 4 
1 , 1 8 3  

1 3 , 7 1 4 
3 5 , 6 2 1  

3 , 5 0 9  

7 1 5  
1 3 7  
6 2 0  

1 , 9 38 

1 0 , 2 0 5  

8 8 9  
7 , 7 9 1  
1 , 1 80 

1 2 1  

Rockingham 

1 8 , 1 07 2 

4 2 7  
4 1  

1 7 , 6 3 1  
9 . 7  

6 , 6 5 2  
4 , 9 2 9 
1 , 2 66 

4 5 7  

9 , 244 
1 , 3 3 5  
7 , 9 1 0 

1 , 7 3 5  

544 
1 ,  1 9 1  

1 2 , 8 7 7  
30 , 1 5 7  

4 , 7 6 7  

3 5 7  
NRb 

1 , 84 0  
1 , 8 5 4  

8 , 1 1 0 

2 , 4 5 7  
3 , 30 1 

564 
1 28 

:x> I 
1\) 



Table A . 2 .  Area by Land Classes and Fo rest Land Owne rshi p  for Coun ties Traversed by the Proposed 
Phase I I  of the New England /Hydro-Quebec Transmission L ine In terconnect ion 

( thousands of hectares ) a 

Fo re s ted Land Pub lic Ownership Priva t e  Ownership 

States and Total Land Nonforest Total Forest Comme rcial Noncommercial Federal State County and Farmers Other 

Count ies in Count ies Land Use Area Timberlandb Timberland Municipal Owned Private 

Ma s sachu se t t sc 

Middlesex 2 1 3 . 7  1 1 9 . 2 ( 5 5 . 8 ) d 9 4 . 5 ( 4 4 . 2 ) d 9 0 . 8 ( 9 6 . 0 ) e 3 . 7 (  3 . 9 ) e 1 . 2  3 . 4  2 . 3 (  7 . 6 ) f 5 . 5  7 8 . 4 ( 9 2 . 4 )
f 

Norfolk 1 0 2 . 1  5 1 . 0 ( 5 0 . 0 ) 5 1 . 1 ( 5 0 . 0 )  4 4 . 8 ( 8 7 . 7 )  6 .  3 ( 1 2 . 3 )  0 . 4  1 . 1  1 . 2( 6 . 0 ) 2 . 6  3 9 . 4 ( 9 3 .  7 )  

Worce s t e r  3 9 1 . 9  1 2 3 . 0 ( 3 1 . 4 )  268 . 9 ( 6 8 . 6 )  2 59 . 3 ( 9 6 . 4 )  9 . 6 (  3 . 6 )  o . o  2 0 . 0  3 . 5 (  9 . 1 )  2 4 . 2 2 1 1 . 6 ( 9 0 . 9 )  

Tota l s  7 0 7 . 7  2 9 3 . 2 ( 4 1 . 4 )  4 1 4 . 5 ( 5 8 . 6 )  3 9 4 . 9 ( 9 5 . 3 )  1 9 .  6 (  4 .  7 )  1 . 6  24 . 5  7 . 0 ( 8 . 4 ) 3 2 . 3  3 29 . 6 ( 9 1 . 6 )  

New Hamp shire& 

Graf ton 448 . 5  46 . 5 ( 1 0 . 4 )  4 0 2 . 0 ( 8 9 . 6 )  3 6 0 . 3 ( 8 9 . 6 )  4 1 .  7 ( 1 0 . 4 )  9 5 . 9  5 . 4  1 . 3 ( 2 8 . 5 )  24 . 7  2 3 3 .  0 (  7 1 . 5 ) 

Hill sborough 2 3 1 . 3  4 6 . 7 ( 20 . 2 ) 1 84 . 6 ( 7 9 . 8 )  1 7 8 . 7 ( 9 6 . 9 )  5 . 9 ( 3 . 2 ) 0 . 8  1 . 8  2 . 1 ( 2 . 6 )  7 . 6 1 6 6 . 5 ( 9 7 . 4 )  

Merr imack 240 . 9  44 . 6 ( 18 .  5 )  1 96 . 4 ( 8 1 . 5 )  1 9 3 . 6 ( 9 8 . 6 )  2 . 8 ( 1 .  4 )  3 . 5  6 . 0  1 . 9 ( 5 . 9 )  8 . 7  1 7 3 . 5 ( 9 4 . 1 )  

Rockingham 1 7 8 . 9  4 5 . 1 ( 2 5 . 2 ) 1 3 3 . 8 ( 7 4 . 8 )  1 27 . 8 ( 9 5 . 5 )  6 . 0( 4 . 5 ) 0 . 0  2 . 5  0 . 9 ( 2 . 7 )  5 . 8  1 1 8 . 5 ( 9 7 . 3 ) 

To t a l s  1 0 9 9 . 6  1 8 2 . 9 ( 1 6 . 6 )  9 1 6 . 8 ( 8 3 . 4 )  8 6 0 . 4 ( 9 3 . 8 )  56 . 4 (  6 . 2 )  1 0 0 . 2 1 5 . 7  6 . 2 ( 1 4 . 2 )  4 6 . 8  69 1 . 5 ( 8 5 . 8 )  

a One hectare equals 2 . 4 7  acre s .  
b 

Forest land producing o r  capable of producing more t han 20 cubic f e e t  of indu s t rial wood p e r  acre per yea r. 

c Source : Peters and Bowe rs ( 1 9 7 7 ) .  

d Numbe rs in parenthe s i s  indicate percentages o f  total land a reas in res pect ive count i e s  and count ies by s t a t e s .  

e 
Numbers i n  parenthesis indicate percentages of t o t a l  f o res ted land in re spect ive coun t i e s  and counties b y  s t at e s . 

f Numbe rs in parenthesis indicate total publ ic and t ot a l  p riva t e  holding as percentages of the comme rcial t imberland in respe c t ive count ies and 
counties by s t a t e s .  

g Source : Kingsley ( 1 9 7 6 ) . 
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Tabl e A . 3 . Area of Commerc ial Fores t Land , by Fores t Types , for Count ies Traver sed by the Proposed 
Phase I I  of the New England /Hydro-Quebec Transmission L ine In terconnect ion 

( hectares ) a 

Count i e s  in New Hameshireb Counties in Ma s sachuse t t sc 

Forest Types Gra f t on Merrimack Hi lls borough Rockingham Middlesex Worce s t e r  No rfolk 

White pine/ red pine /hemlockd 5 0 , 4 2 0 ( 1 3 , 9 )
e 7 8 , 3 1 0 ( 40 . 5 ) 7 5 , 1 9 0 ( 4 2 . 1 ) 5 9 , 5 3 0 ( 4 6 . 6 )  1 7  , 7 3 0 ( 1 9 . 5 ) 5 3 , 34 0 ( 20 . 6 )  7 , 28 0 ( 1 6 . 3 ) 

Spruc e / f i rf 7 9 ,  7 7 0( 2 2 . 1 )  2 ,  7 9 0( 1 . 4 )  2 , 8 30( 1 . 8 )  2 , 3 1 0 (  1 . 8 )  240( 0 . 2 )  1 , 2 1 0( 0 . 5 )  1 6 0 (  0 . 4 )  

Pitch pine
g 8 1 0 (  0 . 2 ) 2 , 39 0 (  1 . 2) 2 , 1 00( 1 . 2) 1 , 6 2 0 (  1 . 3 ) 2 , 0 2 0( 2 . 2 ) 7 , 1 2 0( 2 . 7 ) 1 , 1 7 0 (  2 . 6 ) 

Oak/pineh 3 , 800( 1 . 1 )  4 , 5 30 (  2 . 3 )  3 , 9 7 0( 2 . 2 )  2 , 1 40 (  1 .  7 )  7 , 5 30 (  8 . 3 )  2 8 , 090( 1 0 . 8 )  3 , 8 00 (  8 . 5 )  

Oak/hickory
1 

1 2 , 6 7 0 (  3 . 5 ) 20 , 03 0 ( 1 0 . 3 ) 1 9 , 2 2 0 ( 1 0 . 8 )  1 1 .  9 80 (  9 .  4 )  2 3 , 59 0 ( 26 . 0 ) 7 0 , 9 00 ( 2 7 . 3 ) 1 1 , 9 4 0 ( 2 6 . 7 )  

Elm/ash/red maple j 3 2 , 4 20( 9 . 0 )  4 8 , 080( 2 4 . 8 )  40 , 1 50 ( 2 2 . 5 )  2 7 , 4 0 0 ( 2 1 . 4 )  3 2 , 0 5 0( 3 5 . 3 )  8 1 , 0 20 ( 3 1 . 2 )  1 6 ,  230( 3 6 . 2 )  

Maple/beech/birchk 1 5 7 , 9 1 0 ( 4 3 . 8 ) 28 . 8 5 0 ( 1 4 .  9 )  2 8 , 00 0 ( 1 5 .  7 )  1 7  , 40 0 ( 1 3 . 6 )  4 , 0 1 0( 4 . 4 ) 1 0 , 200( 3 . 9 )  2 , 1 9 0( 4 . 9 )  

As pen/ b i rch1 2 2 , 540( 6 . 3 )  8 , 5 80( 4 . 4 )  7 , 200( 4 . 0 )  5 , 4 20 (  4 . 2 )  3 , 6 40( 4 . 0 )  7 , 4 5 0 (  2 . 9 )  2 , 0 2 0 (  4 . 5 )  
--- ---

To tals 3 6 0 , 340 

a One hectare equals 2 . 4 7  acre s .  
b Sourc e :  Kingsley ( 1 9 7 6 ) ,  

c Source : Pe t e r s  and Bowers ( 1 9 7 7 ) ,  

1 9 3 , 5 6 0  1 7 8 , 6 6 0  1 2 7 , 80 0  90 , 8 1 0 2 5 9 , 3 30 4 4 , 7 9 0  

d Ea s t ern whi t e  pine, r e d  pine , o r  hemlock , s ingly or in combina t ion , con s t i tute a plura l i t y  o f  t h e  s t ocking, Common associat e s : 
aspen, birch, and map l e .  

e Numbers i n  parenthe s i s  indicate percentages of t h e  t o t a l s  f o r  t h e  respect ive column s .  

f Spruce o r  ba lsam f i r ,  singly or in combina tion, cons t i tute a plura l i t y  of the s t ocking. Cedar swamps are a ls o  included in this t yp e .  
Common a s soci a t e s :  whi t e  ceda r ,  t amarack , ma p l e ,  birch, and hemlock. 

g Pitch pine cons t itutes a plura l i t y  of the s tocking. Common as sociate s :  oaks ( in Massachuse t t s ,  a p i t c h  pine/ea s t ern red cedar type ) .  

h Hardwoods ( u sually red o r  black oak s )  con s t i t u t e  a plura l i t y  of the s t ocking, but in which pines con s t i tu t e  2 5 %  t o  30% o f  the s t ocking. 

i Oaks or hickory , singly or in combination ,  cons t i tute a plura l i t y  of the s t ocking unless pines con s t i t u t e  25% to 50% of the s tocking ,  
i n  which case the type i s  oak / p ine , Hickory i s  seldom present i n  New Hamp shire. Common ass ociates : elm and ma p l e s .  

Elm, a s h ,  o r  red map l e ,  singly o r  i n  combination, cons t i t u t e  a plura lity o f  t h e  s t ocking. Common a s sociate s :  beech, eas t e rn 
white pine , basswood and sugar ma p l e .  

k Sugar ma p l e ,  beech, or yel low b i rc h ,  s ingly o r  in combina t i on , cons t i tute a plura l i t y  of t h e  s tocking. Common a s s oc ia t e s : hemlock , 
elm, basswoo d ,  eas tern white pine, white or sweet birch, and red map l e .  

1 Aspen , balsam popla r ,  paper or gray birch, s ingly o r  in combina t ion cons t i tute a plura l i t y  of t h e  s tocking. Common a s s oc ia t e s : 
red maple and ba lsam f i r .  
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Table A . 4 .  Summary of Selected Streamflow Records for Wa tersheds 
Along the Proposed Transm ission L ine Route 

D is charge ( m3 /s ) a 

Record Dra ina�e Area 
River Locat ion ( Years ) ( km  ) a Average Max imum Min imum 

Connect icu t  Dalton , NH 56  3 , 920  82 . 3  1 , 370 3 . 26 

Ammonoosuc Bethlehem Junc tion , NH 44 227 5 . 9  306 0 . 5 

Smith Br istol , NH 65 222 4 229 0 . 08  

Contoocook West Hopkinton , NH 20 l , llO  1 9 . 8  1 87 0 . 4 3  

Pi scataquog East Weare , NH 20 1 6 4  2 . 7  43 . 3  0 . 0 1  

Blackwater Goffs Fall below 58 334 6 . 0 3 1 1  0 . 22 
Webster , NH :x> 

I 
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Me rr imack Manchester , NH 47  8 , 0 1 0  1 49 2 , 900 2 . 78 

Nashua East Peppe rell , MA 48 1 '  1 20 1 6 . 1 592 0 . 03 

North Nashua Leominster , MA 48 285 5 . 5 462 0 . 3  

Concord Lowell , MA 47  1 , 050  1 7 . 8  1 53 0 .  1 1  

Char les Waltham , MA 52 588 8 . 5 1 1 7 <0 . 0 1  

Char les Dover , MA 46 477 8 . 6  9 1  0 . 0 1  

Blacks tone Northbridge , MA 38 36 0 7 . 5  4 79 <0 . 0 1  

a m3/s x 35 . 32 = cfs ; km2 x 0 . 386 = mi 2 . 

Sources : Geolog ical Survey ( 1 984 , 1 985 ) . 



Forest Type 

Wh ite and red pine 

Oak/hi ckory 

Elm/ash/mapl e 

Mapl e/beech/bi rch 

Spruce /fir 

Aspen/ bi rch 

Oa k/pine 

P i tch pine 

Tab le A . 5 .  Maj or Fores t Types in the Phase I I  Study Area 

Predominan t Spec ies 

Wh i te p ine , hemlock , red p ine 

Oaks ( red ,  ches tnut , wh ite , b lack , 
scarl et ) 

Ame r i can elm , black ash , red mapl e 

Sugar maple , beec h ,  yel low bi rch 

Red spruce , balsam fi r ,  northern 
whi te cedar , wh ite spruce , black 
spruce 

Quaking aspen , b i gtooth aspen , 
bal sam poplar , paper bi rch , gray 
birch 

Red oak , black oak 

P i tch p ine 

Associated Species 

Red mapl e ,  red oak , quak ing aspen , bigtooth 
aspen , sugar maple , red spruce , yellow b irch , 
wh ite oak ,  black che rry , bal sam fir 

Black cher ry , sugar mapl e ,  red maple , beech , 
wh ite ash , whi te p ine , black b irch ,  wh ite 
bi rch , h i c kory ( shagbark , pignut , mockernut )  

Beech , wh i te p ine , sugar maple , basswood 

Hemlock ,  Ame r i can elm , basswood , whi te p in e ,  
wh ite b i rch , red map le 

Ye llow b irch , wh ite pine , hemlock ,  red maple , 
quak ing aspen , paper b irch , tamarack 

Pin  cherry 

Wh ite pine , red pine 

Oaks 

Sources : Kingsley ( 1 976 , 1 9 77 ) ; Jorgensen ( 1 9 78 ) ; U . S .  Department of Energy ( 1 984 ) ;  E R ,  Vol s .  2 and 3 .  
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Table A . 6 .  Habi tat Characte rist ics of Trout Streams 

Factor 

Cover 

Substrate 

Current 

Pool / r i ffle ratio 

Width/depth ratio 

Hab itat Characterist ics Relative to Stream Rat ing 

Good 

Moderate undercuts , 
or  b rush , stumps 

50% g ravel 

Moderately var iable 

75 : 2 5  or 25 : 75 

Low 

Excellent 

Extensive undercuts , stumps , 
brush in st ream close to bank 

1 00% gravel , rubble 

Extremely var iable across 
channel , with numerous "edges" 

Near 50 : 50 ,  with good inter­
spers ion 

Very low 

Source : Galv in ( 1 979 ) . 



Tab le A . 7 .  L ife Hi story As pects of the Maj or Salmon ids in the Vicinity of the Proposed Route 

Parameter 

Spawning season 

Spawning temperature 

Spawning habitat 

Egg devel opment 

La rval development 

Thermal preference 

Brook Trout 
( Salvelinus fontina l i s )  

Late summer to autumn. 

4 . 4-9 . 4 " C  (40-49 " F ) .  

Gravel beds i n  shallow 
[ usually (0 . 3  m ( 1  f t ) ) 

headwater streams or 
gravelly lake shallows 
where spring upwelling 
and moderate current exi s t .  

Hatch i n  50 to 1 0 0  days 
( T" dependent) with upper 
lethal T" limit for 
developing eggs -1 1 . 7 " C  
( 5 3" F ) .  

Remain i n  nest unt i l  yolk 
sac absorbed. Become 
free-swimming when -38 mm 
( 1 . 5  in) long. 

1 4- 1 9 " C  ( 5 7 . 2-66 . 2 " F ) .  

The rmal requi rements �20"C ( 6 8 " F } .  
f o r  satis factory growth 

Thermal requirements 
for spawning 

Food 

Other requirements and 
comments 

a T" • temperat ure. 

� 1 2 . 8 " C  ( S S " F ) ,  

Aquatic and terrestrial 
insec t s ,  mollusc s ,  
crus taceans , fish, and 
small mammal s .  

Dissolved oxygen minimum 
of 5 ppm throughout yea r. 
Wa ter mu s t  be free of 
heavy silt, noxious gases , 
and other pollutant s .  
Upper lethal T" rang e :  
2 1-26 . 6 " C  ( 6 9 . 8-7 9 . 8 " F ) ,  

Li f e  History Aspects of Salmonid Species 

Brown Trout 
( Salmo trut t a )  

Late autumn to early wi nter. 

6 . 7-8 . 9 " C  ( 4 4-48" F ) ,  

Primarily shallow, grave l ly 
headwa ters. 

Hatch in 40 to 70 days . 
Eggs will develop normally 
at T" up to 1 0 " C  ( S O" F ) . 

Remain in nest until yolk 
sac absorbed. 7-day TL50 
for sac fry : 22-23 " C  
( 7 1 . 6-7 3 . 4 " F ) .  

� 1 8 . 3- 2 3 . 9"C ( 65-7 5 " F ) ,  

Aq uatic and terrestrial 
insects , crus taceans , 
molluscs , amphibians , 
fish, and rodents.  

Can withs tand less 
favorable environments of 
of lower s t ream reache s .  
Upper crit ical T "  -2 5 "C 
( 7 7 " F) . Minimum dissolved 
oxygen tolerance 4 . 5  ppm 
( s ummer) and 2-3 ppm 
(wint er ) .  

Rainbow Trout 
( Salmo gairdne r i )  

Usually sprin g .  

1 0 . 0- 1 5 . S " C  ( S 0-60" F ) . 

Smaller tributaries of their 
river habitat or inlet or 
outlet s t reams of their lake 
habi tat, Spawn on fine 
gravel in riffles above a 
pool. 

Hatch in 1 8  to >100 days ( T" 
dependent ) .  Upper T" limit 
-1 s . s • c  ( S 9 . 9 " F ) .  

Become free-swimming 3-7 days 
after hatching. 

Op t imum below 2 1 " C  ( 6 9 . 8 " F ) . 

�2 1 "C ( 7 S " F ) ,  

S . S- 1 3 " C  ( 4 1 . 9-5 5 . 4 " F )  ( peak 
T" ) ,  

Zooplankton, larger 
crus taceans , insec t s ,  snails , 
leeche s ,  fish, and frogs . 

Life history charac teristics 
are highly variable depend­
ing on location, type , and 
hab ita t ,  Can tolerate T" 
range of Q . 0-28. 3 " C  ( 3 2-8 3 " F ) . 

Sources : Scott and Crossman ( 1 9 7 3 ) , Carlander ( 1 96 9 ) , Eddy and Unde rhill ( 1 9 7 4 ) , and Becker ( 1 9 7 6 ) .  

Atlantic Sa lmon 
( Salmo sala r )  

Fal l .  

Commences when T"a 

reaches 6 . 1 " C  ( 4 3 " F ) .  

Tributary streams o f  
lakes. Us ually s pawn i n  
gravelly riffles above 
or below a pool. 

Hatch by April. Egg s  
develop normally at T" 
up to 1 0 "C ( S O" F ) .  

Remain in nes t - 1  month 
unt i l  yolk sac absorbe d .  
Sac f ry median lethal T" 
22- 2 3 " C  ( 7 1 . 6-7 3 . 4 " F ) .  

Aquatic and t e rrest rial 
insects and f i s h .  

P a r r  succumb to T "  
between 3 2 . 9- 3 3 . 8 " C  
( 9 1 . 2-92. 8 " F } , 

;c:. I 
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Table A . B .  Rare Plan ts in the Study Area for the Proposed Phase I I  Transmiss ion Line 

Spec ies 

Dwarf ragwort ( Senec io pauperculus ) 

Smal l drop-seed ( Spo robolus neglectu s )  

St icky fal se asphodel ( Tofielda glut inosa) 

Grass-of-parnassus ( Parnassia glauca ) 

Spurred gent ian ( Hal en ia deflexa ) 

Golden -fru ited s edge ( Carex aurea ) 

Garer ' s  sedge ( Cypr ipedium reg inae ) 

Showy lady ' s  s l ipper ( Cypr iped ium reginae ) 

Variegated horseta i l  ( Eguisetum vari egatum ) 

Wide -leaved lady ' s  tresses ( Spi ranthes luc ida ) 

Ha iry bedstraw ( Gal ium pilosum ) 

Cl imbing fern ( Lygod ium palmatum ) 

a R = rare ; T = threatened . 

Locat ion 

Monroe , NH 

Monroe , NH 

Monroe , NH 

Monroe , NH 

Monroe , NH 

Monroe , NH 

Monroe , NH 

Monroe , NH 

Monroe , NH 

Monroe , NH 

Hudson , NH 

Ayer , MA 

Stat usa 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

T 

Habi tat 

Calcareous ledge s ,  g ravels 

Calcareous soils , especially 
limy ledges and pastures 

Calcareous mar shes , damp ledges 
and shores 

Ri verbanks , wet calcareous soils  

Mo is t ,  cool woods 

Meadows , wet banks 

Bogs , swamps , we t meadows , and 
r i ch moi st woods 

Swamps , we t meadows , r ich mo is t 
woods ,  cal careous soils  

Riverbanks , calcareous shores 

Alluvial shores and slopes , r i ch 
damp meadows and thi ckets 

Dry woods 

Semi -open edge of wood s and 
streams , damp woods 

Sources : Dowhan and Craig ( 1 9 76 ) ;  Codding ton and Field ( 1 97 8 ) ; Stor ks and Crow ( 1 97 8 ) ; Brackley and Hentcy 
( 1 985 ) ; So rr ie ( 1 985 ) ; E R ,  Vol s .  2 and 3 .  
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Table A . 9 .  Endangered and Th reatened F ish and Wi ld l i fe in  the 
S tudy Area for the Proposed Phase I I  Transmission L ine 

Spec ies 

Fish 

Shortnose sturgeon ( Ac ipenser brev irostrum ) 

Amer ican brook lamprey ( Lamptera appendi x )  

B i rds 

Bald eag le ( Ha l i aeetus leucocephal us ) 

Peregr ine falcon ( Falco peregr inus ) 

Osprey ( Pand ion hal i aetus ) 

Northern harrier ( Ci rcus cyaneus ) 

Red-shouldered hawk ( Buteo l ineatu s )  

Cooper ' s  hawk ( Acc ipiter cooperi i )  

Common loon (Gav ia immer ) 

P i ed-billed grebe ( Pod ilymbus podi ceps ) 

Leas t bi ttern ( I xobrychus ex il is )  

King rail  ( Ral lus el egan s )  

Upland sandpiper ( Bartramia longicauda ) 

Shor t-eared owl ( Asio flammeus ) 

Wh ip-poor-will  ( Capr imulgus voc i ferus ) 

Purple mar tin ( Progne subi s )  

Sedge wren ( Ci stotho rus plan tens is ) 

Golden-w inged warbler ( Vermi vora chrysoptera ) 

Eastern bluebi rd ( Sial ia s ial i s ) 

Statusa 

E ( F ,  MA , NH ) 

T ( MA )  

E ( F , MA,  NH) 

E ( F , MA , NH)  

T ( NH )  

T ( MA ,  NH ) 

T ( NH )  

T ( NH )  

T ( NH )  

T ( MA )  

T ( MA )  

T ( MA )  

E ( MA ) , T ( NH ) 

E ( MA )  

T ( NH )  

T ( NH )  

E ( MA )  

T ( MA )  

T ( NH )  

Hab itat 

Lower reach of Merr imack R i ver 

T r i butary to Blacks tone River 

Near oceans , r i vers , lakes 

Coasts , mountains , woods 

Seacoasts , lakes , r ivers 

Grass lands ,  marshes 

F ield s ,  wetlands 

Open wood land s ,  wood marg ins 

Lakes , r i vers 

Shallow waterbodies 

Marshes 

Mar shes 

Low , grassy areas 

Open hab i tats 

Woods near fields 

Mul t i ce l l ed nesting boxes or gourds in  
c i t ies  and farmyards 

Sedge meadows 

Gray bi rch wood s ,  shrublands 

Roads ides , farmyards ,  abandoned o rchards 

::<:> 
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Table A . 9 .  Con t i nued 

Species 

Amph ib ians and Repti les  

Marbled salamander ( Ambystoma opacurn ) 

Eastern spade foot ( Scaphi opus holbrooki i )  

Blanding ' s  tur tl e ( Emydo idea bland ingi i )  

Timber rattlesnake ( Crotalus hor r i dus ) 

Northern copperhead ( Agk istrodon con tort r i x )  

Statusa 

T ( MA )  

T ( MA )  

T ( MA )  

E ( MA ) 

E ( MA )  

Hab itat 

Var ies from mo i st , sandy areas to dry 
h i l ls ides 

Forests w ith loose or sandy soi l 

Marshes , bogs , lake s ,  sma ll streams 

T imbered terrain , espec ially second-
growth 

Rocky , wooded h il l s ides and mountainous 
areas 

a E = endangered ; T = threatened ; F = federally l i sted ; MA = Massachusetts-l isted ; NH = New Hampsh ire­
l i sted ; underl ined state is state w i th in study area where spec ies is  reported . 

Sources : Blodget ( 1 98 3 ) ; Buckley ( 1 98 4 ) ; Cardoza and M i r i ck ( 1 979 ) ;  Conan t ( 1 975 ) ; Massachusetts Natural 
Her i tage Program ( 1 985 ) ; Robbins et al . ( 1 983 ) ; Sm ith and Coate ( 1 985 ) . 
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Table A .  1 0 .  Populat ion Trends and Projections 
for Towns in the Study Area 

% Change : Projected : 
Towns 1 960 1 970 1 980 1 970- 1 980 1 990 

New HamQshire 

Grafton County 

Monroe 42 1 385 6 1 9  60 . 8  768 

Lyman 20 1 2 1 3  28 1 3 1 . 9  3 1 3  

Bath 604 607 76 1 25 . 4  839 

Haverh i l l  3 ,  1 27 3 , 090 3 , 445 1 1 . 5 3 , 600 

Benton 1 72 1 94 333 7 1 . 6  402 

Warren 548 539 650 20 . 6  725 

Wen twor th 300 376 527 40 . 2  598 

Rumney 820 870 1 ' 2 1 2  39 . 3  1 , 402 

Groton 99 1 20 255 1 1 2 . 5  3 1 7  

Hebron 1 53 234 349 49 . 1 427 

Alexandr ia  370 466 706 5 1 . 5  877 

Mer r imack County 

Hill  396  450 736 63 . 6  970 

Andover 955 1 '  1 38 1 , 587 39 . 5  2 , 0 1 9  

Sal isbury 4 1 5  589 78 1 32 . 6  1 , 000 

Webster 457 680 1 , 095 6 1 . 0  1 ' 424 

Boscawen 2 '  1 8 1  3 '  1 62 3 , 435 8 . 6  3 , 4 96 

Concord C i ty 28 , 99 1  30 , 022 30 , 400 1 . 3 32 ' 1 70 

Hopkinton 2 , 225 3 , 007 3 , 86 1  28 . 4  4 , 7 1 3  

Bow 1 , 340 2 , 479 4 , 0 1 5  62 . 0  5 , 246  

Dunbarton 632 825 1 , 1 74 42 . 3  1 , 529 

Hillsborough County 

Goffstown 7 , 230 9 , 284 1 1 , 3 1 5  2 1 . 9  1 3 , 366  

Bedford 3 , 636 5 , 859 9 , 48 1 6 1 . 8  1 1  ' 803 

Merr imack 2 , 989 8 , 595 1 5 , 406 79 . 2  1 7 , 023 

Litchfield 72 1 1 ' 420 4 , 1 50 1 92 . 3  5 '  1 66 

Hudson 5 , 876 1 0 , 638 1 4 , 022 3 1 . 8  1 7 , 34 1  

Pelham 2 , 605 5 , 408 8 , 090 49 . 6  9 , 230 



Rock i ngham County 

Londonderry 

Windham 

Massachusetts 

Middlesex County 

Tyngsborough 

Duns table 

Groton 

Ayer 

Shirley 

Worcester County 

Lancaster 

Sterl ing 

We st Boylston 

Boylston 

Shrewsbury 

Grafton 

Millbury 

Sutton 

Upton 

M i l ford 

Norfolk County 

Medway 

a Data miss ing . 
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Tabl e  A . 1 0 .  Cont inued 

1 9 60 

2 , 457 

1 , 3 1 7  

3 , 302 

824 

3 , 904 

1 4 , 927 

5 , 202 

3 , 958 

3 '  1 93 

5 , 526 

2 , 367 

1 6 , 622 

1 0 , 627 

9 , 623 

3 , 638 

3 '  1 2 7 

1 5 , 749 

5 '  1 68 

1 970 

5 , 346  

3 , 008 

4 , 204 

1 , 292 

5 ,  1 09 

8 , 325 

4 , 909 

6 , 095 

4 , 247 

6 , 369 

2 , 734 

1 9 '  1 96 

1 1  ' 659 

1 1  ' 987 

4 , 590 

3 , 484 

1 9 , 352 

7 , 983 

1 980 

1 3 , 598 

5 , 664 

5 , 683 

1 ' 67 1  

6 '  1 54 

6 , 993 

5 '  1 24 

6 , 334 

5 , 440 

6 , 204 

3 , 476  

22 , 674 

1 1  ' 238 

1 1  ' 808 

5 , 855 

3 , 886 

23 , 390 

8 , 44 7  

% Change : 
1 970- 1 980 

1 54 . 4  

88 . 3  

35 . 2  

29 . 3  

20 . 5  

- 1 6 . 0 

4 . 4  

3 . 9  

28 . 1 

-2 . 6  

26 . 9  

1 8 .  1 

-3 . 6  

- 1 . 5  

27 . 6  

1 1 . 5 

20 . 9  

5 . 8  

Proj ected : 
1 990 

1 6 , 648 
a 

7 , 400 

2 , 080 

6 , 780 

6 , 840 

5 , 020 

6 , 940 

6 '  1 90 

6 , 300 

4 , 030 

25 , 000 

1 2 , 2 1 0  

1 2 , 220 

6 , 700 

4 , 1 60 

25 , 230 

9 '  1 60 

Sources : Bureau of the Census ( 1 962a , 1 962b , 1 973a , 1 973b , 1 98 1 a ,  1 98 1 b ) . 



Landform 

Wa t e r  e l emen t s  

Vege t a t ion 

Man-made 
mod i f i c a t i ons 

Table A . 1 1 .  

Di s t inct ive 

Drumlins , h i l l s  and ridges 

o r  other noted geological 
features providing d i s tant 
views ; high relat ive r e l i e f  
g r e a t e r  t h a n  200 feet ; s t eep 
s lo pe s ;  sharp exposed bedrock 
outcrops .  

Ma jo r  r iver cour se s ,  cascades 
or fa l l s , large placid lakes 
o r  re s e rvo i r s ; shoreline 
development absent or s ym­
pathe t i c  t o  water element . 

St ands of dense fores t ,  seen 
as masses of va rying color 
and texture ; mosaic of natural 
and past oral vege t a t i o n ;  
s tands o f  o l d  t imber growth 
greater than 6 0  feet in he ight . 

De s ignated h i s t o r i c  d i s t r i ct s ,  
scenic areas o r  scenic r i vers 
and pub l i c  park and recrea t i on 
areas ; areas where man ' s  
imp re s s ion i s  sympathe t i c  
to the landscape ; farms t eads ; 
l i t t le contemporary develop­
men t .  

Source : E R ,  Vo l .  7--Table Ill-S. 

Landscape Qual ity Ma trix  

Noteworthy 

Low rounded h i l l s  and gent ly 
roll ing t e r ra i n ;  re lat ive 
relief 1 00-200 feet . 

Secondary rivers and meandering 
st reams , moderate-size lake s ,  
ponds , and impoundment s ;  low­
den s i t y  development .  

Mixed stands o f  fore s t  and 
secondary growth seen a s  inter­
s persed vege tat ion pattern ;  
some t imber greater than 6 0  
feet in height . 

Moderate- s ize communities 
supporting s ome bus ine s s , light 
indu s try and comme rcial develop­
ment occurring in a semi-rural 
sett ing ; some h i s t or i c  buildings 
or d i s t r i c t s ;  occasional e lement s  
such as quar r i e s ,  u t i l i t y  line s ,  
junkyards ,  land f i l l s ,  and tank 
farms , but inconspicuous such 
that visual int e g r i t y  i s  not 
l os t .  

Common 

Nearly f l a t  to gentle s l op ing 
t errain; relat ive relief l e s s  
t h a n  1 0 0  fee t .  

Narrow , slow-moving o r  intermi t t ent 
s t reams and creeks , sma l l  farm ponds 
and s imi lar minor wa t e r  feature s ;  
high dens i t y  shorel ine devel opmen t .  

S t ands o f  scrub land o r  unbroken 
woodland ; separated by agricultural 
or urban land uses ; secondary growth 
common; most t imber under 6 0  feet 
in heigh t .  

La rge areas o f  urbanizat ion, indus­
t rializa t ion, suburban s prawl or 
highway s t r i p  deve lopment dominating 
the landscape ; major "eyesore s "  that 
d e s t roy visual integr i t y .  

l> I 
...... 

.t= 
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APPEND I X  B .  FLOODPLAIN/WETLAND ASSESSMENT FOR THE PROPOSED ROUTE 

B . 1 PROJECT PURPOSE AND DESCRI PT I ON 

The New England Power Pool ( NEPOOL ) ,  in cooperation with Hydro-Quebec , 
proposes to purchase an add i t ional 70 TWh (mill ion MWh )  of energy over a 1 0-
year per iod currently scheduled to begi n  in 1 990 . Th i s  is  in add i t ion to the 
33 TWh of surplus hydroelectric energy that NEPOOL member ut i l i ties formally 
agreed to purchase in 1 983 from Hydro-Quebec ( Phase I ) .  The add i t ional power 
purchase would necess i tate the construction of new fac i l i t ies to transmit  the 
energy to load cen ters in central New England . 

The proposed project involves extens ion of the ±450-kV , high-vol tage , 
d i rect-curren t ( DC )  transmiss ion l ine from the Town of  Monroe , New Hampshire 
( s i te of the Comerford conver ter terminal for Phase I )  to the town of Groton , 
Massachusetts . The DC l ine would terminate at a 1 800-MW DC/ AC converter 
terminal to be constructed at the town l ine of Groton and Ayer , Massachusetts , 
adjacent to an existing 345-kV AC substat ion . Add i t ionally , two l inearly 
connected 345-kV AC transmiss ion l ines would be constructed adj acent to 
existing transmiss ion l ines in Massachusetts . These l ines would orig inate at 
the proposed converter terminal and terminate at a 345-kV AC substat ion at 
Wes t  Medway , Massachusetts . Assoc iated w i th the proposed project would be an 
expansion of the ground electrode system in L isbon , New Hampshire , and AC 
transmiss ion system relocat ions be tween Sandy Pond and Millbury substat ions in 
Massachusetts . The proposed route would involve construction of 298 km 
( 1 85 mi ) of transmiss ion l ines in New Hampshire and Massachusetts . 

B . 2  FLOODPL A I N/WETLAND EFFECTS 

I t  is DOE ' s  pol icy to avoid adverse impacts on floodpla ins and wetlands 
to the exten t  poss ible ( 1 0 CFR 1 022 ) . To thi s  end , 1 0  CFR 1 022 provides for 
compl iance w i th Executive Order 1 1 988 ( Floodplain Management ) and Executive 
Order 1 1 990 ( Protect ion of Wetlands ) . 

The proposed converter terminal would be located in  an upland s i te that 
is  not in a floodplain and does not conta in wetland areas ( ER , Vol . 1 ) .  
Therefore , only the transmiss ion l ines are of potential concern relat ive to 
floodplain/wetland effects . From the Comerford converter terminal to the West 
Medway substa t ion , the proposed route would traverse the following watershed 
bas ins : Connecticut River ( New Hampshi re ) , Merrimack River ( New Hampsh i re and 
Massachusetts ) , Blackstone River ( Massachusetts ) ,  and the Charles River 
( Massachusetts ) ( see F igures 2 . 2  through 2 . 4 ) . Portions of the proposed route 
cons ist  of forested and unforested wetlands and floodplains ( ER ,  Vol . 7-­
F igures I I I - 1 . 1  through I I I - 1 . 1 2 ,  Vol . 8--Figures I I I - 1 . 1  through I I I - 1 . 22 ) . 
Locations of wetland along the route were determined from U . S .  Fi sh and 
Wild l i fe d raft wetland inven tory maps ( where available ) ,  aer ial photos , r ight­
of-way maps , and field surveys ( ER ,  Vols . 7 and 8 ) . Floodpla ins were 
determined from Flood Insurance Rate Maps or Flood Hazard Boundary Maps ( Flood 
I nsurance Agency 1 976 , 1 979 ; Federal Emergency Management Agency 1 982 ) . 
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8 . 2 . 1  Wetlands 

The New Hampshire port ion of the proposed route would cross ( span ) 98 
wetlands over a total l inear distance of about 1 2 . 4  km ( 7 . 7  mi ) ( ER ,  Vol . 8-­
Table I I I - 1 ) .  The Massachusetts port ion of the route would cross 1 1 9 wetlands 
over a total l inear d istance of about 1 7 . 8  km ( 1 1 .  1 mi ) ( ER , Vol . 7 --Table 
I I I - 1 ) .  

The wet lands in the vicin i ty of the proposed route are dominated by 
emergent vegetation , scrub/shrub vegetation , and forested vegetat ion . 
Wetlands dominated by emergent vegetat ion ( e . g . , marshes , wet meadows , and 
ponds ) are bas ically wet grasslands contain ing plant species adapted to 
submerged so i l s  ( Darnell 1 976 ) . These hab itats usually contain zoned 
gradat ions of plan t spec ies as follows ( from shal low to deeper water ) :  
( 1 )  emergent plants ( e . g . , reeds , cattails , bulrushes , sawgrasses , sedges , and 
arrowheads ) ,  ( 2 )  floating leafy plants ( e . g . , water l i l ies , pond l i l ies , 
smartweeds ,  spatterdocks , and some pondweeds ) ,  and ( 3 )  submerged plan ts ( e . g . , 
waterweeds , some pondweeds , muskgrasses , milfo i ls , coonta i ls , bladderworts , 
hornworts , and buttercup s )  ( Darnell  1 976 ) . Based on acreage of wetland types 
along the proposed route , about 32% of the wetlands con tain predominan tly 
emergent vegetat ion ( ER ,  Vol . 7--Table I I I -2 ,  Vol . 8--Table I I I -2 ) . 

The emergent and pond wetlands contain a d iverse and product ive fauna , 
includ ing var ious spec ies of aquatic  and terrestrial invertebrates , fishes , 
amph ib ians , and repti les . The wetlands provide important nesting , brood ing , 
feed ing , migratory s topover , and overwintering hab i tat for waterfowl and 
shoreb i rds ( Darnell 1 976 ) . They also provide hab i tat for such mammals as 
muskrat , short-ta i led shrew , star-nosed mole , eastern cottontail  rabb i t , 
beaver , meadow vole , and red fox ( God in 1 977 ) . 

Scrub/shrub wetlands or swamps are areas dominated by woody vegetat ion 
less than 6 m ( 20 ft ) tal l , includ ing true shrubs , young trees , and trees and 
shrubs that are small or stun ted due to env ironmental cond i t ions ( Coward in et 
al . 1 979 ) . Dominan t woody species include alder , willow , blueberry , sumac , 
win terberry , s teeplebrush , sweet pepperbush , buttonbush , red osier dogwood , 
spi rea , bog rosemary , bog laurel , leatherleaf, and young trees of such species 
as red maple and black spruce . Sens i t ive fern and sedges are predominant 
herbaceous spec ies ( Coward in et al . 1 979 ; ER , Vols . 7 and 8 ) . About 1 2% ( by 
area ) of the wetlands along the proposed route conta in a predominant 
scrub/shrub vegetat ion commun i ty .  About 5 1 %  of the wetlands conta in a 
combinat ion of emergent and scrub/shrub wet lands ( ER ,  Vol . 7--Table I I I -2 , 
Vol . 8- -Table I I I -2 ) . 

The fo rested wetlands or swamps are dominated by l iving or dead trees 
that are at least 6 m ( 20 ft ) tall . Along the proposed route , fo rested 
wetlands are typ ically dominated by red mapl e ,  with black ash and gray b i rch 
also present . Con iferous spec ies , wh ich are less common , include larch , black 
spruce , Atlantic  wh i te cedar , and wh ite pine ( ER ,  Vols . 7 and 8 ) . Shrub and 
herbaceous layers are dominated by the spec ies common in the scrub/shrub 
wetlands . The presence of forested wetlands dominated by dead trees results 
from construct ion of man-made impoundments and beaver ponds , fire , pollut ion , 
or insect infestat ion ( e . g . , spruce budworm outbreaks ) ( Cowardin et al . 
1 9 79 ) . Only about 5% of the wetlands along the proposed route con tain a 
fo rested component ( ER ,  Vol . 7--Table I I I -2 ,  Vol . 8--Table I I I -2 ) . 
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An imal l i fe in scrub/shrubland and forested we tlands is s imilar to that 
for marshy we tlands , but includes a more d iverse b i rd and mammal species 
assemblage because of the increased hab itat and food resources prov ided by 
understory and canopy vegetat ion . Waterfowl and shorebirds found in the 
marshy wetlands also frequent swampy wetlands ; also present are such spec ies 
as arboreal songb irds , b i rds of prey , and woodpeckers . Large mammals , such as 
wh ite-tai led deer , occur in swampy wetlands , as do many smaller mammals such 
as mice , voles , squ irrels , shrews , weasels , otters , l emmings , and bats ( Godin 
1 977 ) . 

We tland habitat can be impacted by clear ing of vegetat ion , construct ion 
and improvement of access roads , use of heavy machinery , and ins tal lat ion of 
structures . The poten t ial effects result ing from these act ivit ies include 
minor d i srupt ion of drainage patterns , eros ion and s i ltat ion , hab itat 
destruc tion , changes in water temperature , increased publ ic access , w i ldl ife 
d isplacement ,  water- level mod ificat ion , and add i t ion of chemicals . Swampy 
wetlands would be impac ted more by long-term changes in water qual ity and 
water level , whereas marshy wetlands could be impacted by short-term 
mod ificat ions ( Darnel l  1 9 76 ) . Fluctuat ions in water level might also be 
detr imental t;.. vegetat ion located ad j acent to wetlands ( Boel ter and Clare 
1 974 ) . Wh ile  emplacement of tower bases would result in the loss of some 
wetland hab i tat , they might prove to be preferred hab itat for nesting 
waterfowl and calv ing deer ( Thorsel l  1 976 ) . Because the area of wetlands 
impacted by the pro j ect  would be small  relat ive to the total wetland area 
occurr ing in the vicin ity of the Massachusetts /New Hampshire s i tes , the 
overal l  impacts to wetland hab itat would not be of sufficient magn i tude to 
cause locali zed ext inct ion of any species . Add it ional ly , the habitat that 
would be affected is not un ique to the area . Impacts to wetland hab i tat would 
also be min imal because the majority of wetlands would be spanned , and 
cons truct ion act ivities ( e . g . ,  structure placement )  would be min imized within 
these wetland areas . 

I n  a prev ious project , no vegetat ive changes related to construct ion were 
observed in a cat ta il  marsh in Massachusetts through wh ich a 345-kV 
transmiss ion l ine was routed ( Th i bodeau and Nickerson 1 984 ) . Construct ion was 
carr ied out in winter , and equ ipmen t was dr iven across the frozen marsh 
wi thout any observed al terat ions to the substrate ( e . g . , swamp mats ) . Bog 
vegetat ion was found to recover natural ly wi thin four growing seasons from the 
effects of transmiss ion l ine construct ion and ma intenance ( N ickerson and 
Thibodeau 1 984 ) . Thus , relat ive effects of construction would depend upon the 
season and/or type of wetland , as wel l  as upon cons truct ion methods and 
mit igat ive measures employed . 

Some minor ad verse impacts to we tland wildl ife , especially  waterfowl , 
could result  from vegetat ion clearing and management , includ ing herbicide use , 
with in and adjacen t to wetlands . Clearing operat ions could reduce mast used 
by black duck , wood duck , and green-winged teal ; remove some cover for ground­
nest ing waterfowl ; and el iminate ma ture trees wi th cavi ties used for nest ing 
by wood ducks and mergansers . However , some beneficial impacts could result 
from in creased shrub cover and increased nest ing cav i t ies in w ind -damaged 
trees ( U . S .  repa � tmen t of Energy 1 978 ) . 

Wetlands would be spanned where poss ible , with support structures placed 
outs ide the wetlands . However ,  locating some structures within wetlands would 
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be unavoidable . A total of 88 wetlands would be affected by new structure 
placement , ex ist ing structure removal , and /or forest clear ing . Th is includes 
33 wetlands in New Hampshire ( ER ,  Vol . 8--Table I I I - 6 )  and 55 wetlands in 
Massachusetts ( E R ,  Vol . 7--Table I I I -6 ) . Construction or improvements to 
access roads would be needed for placement of new structures . Of the 2 1 4 . 9  ha 
( 53 1 . 1 acres ) of wetlands w i thin the Phase I I r ights-of -way , only 1 0 . 6  ha 
( 26 . 1  acres ) would require clear ing of fores t vegetat ion . We tlands in these 
areas would be modified to scrub/shrub or emergent we tlands . These mod ified 
wet lands would be ma inta ined , if  necessary , by the application of herbic ides 
according to company pol icy ( see Tables B .  1 and 4 . 7 ) . Dur ing construct ion , up 
to 39 . 3  ha ( 97  acres ) of wetlands would be d isturbed by vehicle traffic and 
other short-term act ivit ies related to structure mod ificat ion and access road 
construct ion . Th is disturbance would recover within a few grow ing seasons . 
New structures and access roads would cause the long-term loss , at most , of 
7 . 7  ha ( 1 9 acres ) of wetlands--3 . 2  ha ( 8  acres ) in Massachusetts ( ER ,  Vol . 7-­
Table I I I - 7 )  and 4 . 5  ha ( 1 1  acres ) in  New Hampsh ire ( ER ,  Vol . 8-­
Table I I I -7 ) . I t  is  not expec ted that placement of new structures or access 
roads would s ignificantly impound or otherwise alter any of the we tlands . 

Fol low ing construct ion , impacts to wet lands could result from ma intenance 
of access roads , increased public  access , and period ic ma intenance of the l ine 
or underlying r ight-of-way vegetat ion ; however , such impacts would be 
min imal . Reduc t ion of habitat use by waterfowl d i rectly under transmiss ion 
l ines has been noted in s imilar s i tuations , but this effect qu ickly diminishes 
away from the transmission l ine ( Willdan Assoc iates 1 982 ) . 

8 . 2 . 2  Floodplains 

A total of 1 05 floodplains would be crossed along the proposed route . I t  
i s  est imated that proj ect-related structures would be placed on 55 of these 
floodpla ins , includ ing 38 st ructures to be placed in 2 1  floodpla ins in 
New Hampshire ( E R ,  Vol . 8--Table I I I -8 )  and 79 structures to be placed in 
34 floodplains in Massachusetts ( ER ,  Vol . 7--Table I I I -8 ) . Th irty -three of 
the structures would be placed within 20 of the wet lands that occur in the 
1 00-year floodplains ( ER ,  Vol . 7--Table I I I -6 ,  Vol . 8- -Table I I I -6 ) . Concern 
about floodplain effects pr imar ily relates to d isplacement of floodplain 
storage volume by structures , foundat ion pads , and access roads . Loss of 
flood storage volume associatjd with the struc ture� and assoc iated access 
roads is  est ima t3d at 9 ,  900 m ( 8 acre-ft ) --2 , 500 m ( 2 acre-ft ) in upland 
areas and 7 , 400 m ( 6  acre-ft ) in the wetland areas ( ER ,  Vols . 7 and 8 ) . 

Th is is  a very ins ign i ficant por t ion of the total floodpla in volume 
cons idering that the floodplain for a g iven wa terbody could extend up to 
several hundred meters from the bank and several k i lometers beyond the area of 
the proposed transmiss ion l ine . No s ignifican t impoundment ,  obstruct ion , or 
other mod i ficat ion of flood waters would resul t .  Other impacts to floodplain 
hab i tat and biota would be somewhat s imi lar to those d iscussed for wetlands . 

8 . 3  MITIGAT I VE MEASURES 

In addi t ion to avo idance of floodplains and wetlands when pos s i ble , 
proper construct ion and ma intenance procedures would be used to minimize 
po ten t ial impacts . Add i t ionally , numerous mit igat ive measures would be 
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Table B . 1 .  L imitations on Herbic ide Application 

Application L imitation 
Establ ishing Protec tive 

Sens i tive S ite Descr iption Buffer ( in feet )  

Well sa 

Publ ic--Gravel Packed 
Other 

P r ivate 

New Hampsh i re 

Tributaries or Shorel ines of Publ ic  Reservo irsb 

Kren i te 
Other herbi c ides 

Streams , Brooks , Ponds , Lakes 
Fol iar and basal treatments 
Cut s tump treatmen ts 

Cropsc 

Fol iar treatment 
Cut s tump and basal treatments 

Pastures ( al l  treatments ) c 

In  use 
Not in use 

Gardens 
Fol iar treatment 
Cut s tump and basal treatments 

Res idences 
Fol iar treatmen t 
Cut s tump and basal treatments 

Water within wetlands 
Within pub l i c  water supply watershed 

Kreni te 
Other herbic ides 

Not w i thin pub l i c  water supply watershed 
Fol iar and basal treatments 
Cut s tump treatments 

Wel l sd 

Publ ic--Gravel Packed 
Kren ite 
Other herbi c ides 

--Tubular 
Kren i te 
Other herbi cides 

Pr i vate 
Kreni te 
Other herbicides 

Massachusetts 

400 
250 

50 

50 
1 00 

1 0  
None 

50 
None 

25 
None 

25 
None 

25 
None 

50 
400 

1 0  
None 

50 
400 

50 
250 

50 
1 00 
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Table B . 1 .  Continued 

Appl icat ion L imi tation 
Establ i shing Protective 

Sens i t ive S i te Descr iption Buffer ( in feet ) 

Tr ibutary or Shorel ine of a Public  Reservo ird 

Kren ite 
Other herbic ides 

Streams , Brooks , Ponds , Lakes 
Fol iar and basal treatments 
Cut s tump t reatments 

Crops 
Fol iar treatmentd 

Basal and cut s tump treatments 

Pastures ( al l  treatments ) 
I n  use 
Not in use 

Gardens 
Fol iar treatmentd 

Basal and cut stump treatments 

Res idences 
Foliar treatmentd 

Basal and cut stump treatments 

Water w i thin wetlands 
Within pub l i c  water supply watershed 

Kren ite 
Other herbic ides 

Not w i thin publ ic  water supply watershed 
Fol iar and basal treatments 
Cut stump treatment 

50 
400 

1 0  
None 

50 
None 

25 
None 

50 
None 

50 
None 

50 
400 

1 0  
None 

a The 250-ft and 400-ft appl ication l imitat ions around publ ic  wells  are 
establ i shed by the New Hampshire Pes t i c ide Control Board . N . H .  Ad . Rules , 
Pes 502 . 1 0 .  All other appl ication l imitations are set by internal company 
pol ic ies . 

b New Hampshire regulations prohibit  herbicide drift or flow into pub l i c  
water suppl ies . N . H .  Ad . Rules , Pes 5 02 . 03 . 

c The New Hampshire Pes t i c ide Control Board ' s  regulations requ ire that 
herbic ide appl icat ions do not contaminate crops or pasture . N . H .  Ad . 
Rules , Pes 502 . 04 .  

d As establ ished by the Department of Food and Agr i culture ' s  " I nter im Guide­
l ines Relative to the Use of Herbicides to Control Woody Vegetat ion on 
Rai l road Layouts and Rights-of-Way in Massa�husetts . "  All other appl ica­
t ion l imita tions are set by internal company pol i c ies . 

Source : Supplemental response from Vern R .  Walker to Anthony Como ( DOE , E RA ) , 
dated 9 October 1 985 . 
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implemented to fur ther reduce the r isk of s ign i ficant adverse environmental 
consequences . These measures include the following : 

• Prior to construction, each wetland would be reviewed in order to 

determine location of structures and foundation t ypes to be used and for 

best method of a ccess . 

• R i gh t-of-wa y preparation and construction woul d be s upervised by 

experienced fores ters and construction s upervi sors . 

• All work in wet l ands would be conducted in accordance wi th condi tions of 

the Corps of Engineers General Permi t ,  as wel l  as those of appl i cable 

state and local regulations . 

• Road wi dths would be kept to the minimum required to accommodate 

equipmen t . 

• Cuts would be made onl y where necessary to reduce road grades to 

a cceptable l evel s .  

• Access roads woul d be des i gned to cross s treams a s  nearl y perpendi cular 

as possible . 

• Transmi ssion l ine s tructures would not be placed on s teep, hi ghl y 

erodi ble slopes and would be placed to a void wetl ands and floodp l a ins 

wherever possi bl e .  

• Erosion- and s edimentation-control procedures would be implemented . 

• Special equipment or practi ces would be used in wet l and terrain to 

minimize damage to vegetation and soil . 

• Excavated material not used for backfi l l  wou l d  be moved to upl and areas 

for di sposal . 

• Exi sting roads and cleared areas would be used for a ccess and for 

construction staging areas wherever possible . 

• Construction adjacent to wetlands woul d be carri ed out so as to minimi ze 

potential changes to exi s ting water regimes . 

• Road s urfaces woul d be constructed to promote natural dra inage . 

• Properl y s i zed cul verts and breaks wou l d  be instal led to allow free 

passage of water and wou l d  be routinel y inspected and maintained to 

ensure tha t  s urface drainage and water tables remain unaffected . 

• Onl y cl ean fi l l  woul d be used for s tructure pads and a ccess roads . 

• Structure pads and access road heigh t  woul d be l imi ted to approxima tel y 

0 . 3 m (1 ft) above wetland surfaces . 

• In some areas,  fi ll roads would be breached after construction to 

minimi ze changes in preconstruction water levels .  
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• In cases where a wetland can be spanned, construction would be l imi ted 

to adjacent upland areas where feasibl e .  

• Work areas would b e  cl eaned up and restored to ensure revegetation and 

the mai ntenance of surface drainage . 

• An integra ted vegetation management s ys tem would be ut i l i zed . 

Undes irable vegeta t i on near streams would not be trea ted by the fol i ar 

herb i c i de app l i ca t i on method ;  however, once manual l y  cut, stumps ma y be 

treated wi th herb i ci de .  Vegetation growing in standing water in 

wetlands would not be treated wi th herbi ci des but, rather , would be 

manual l y  cut or trea ted at a la ter date when the area is dry .  

• Synthet i c  fil ter fabri c-based roads could be used in deep wetl ands to 

minimize fi l l  requ ired for access roads . 

• If construction of permanen t gravel access roads i s  not feasible, 

opt i onal means of access in p l a ce of access roads may be uti l i zed, such 

as swamp mats or all -terrain veh i cl es . Off-ri ght-of-wa y acces s ,  if 

ava i l able, ma y also be u t i l i zed to best sati sfy environmental 

objecti ves . These means could also be uti l i zed for routine inspection 

and ma in tenance of structures in the absence of permanent access roads . 

Other spec i fic mit igat ive measures are l isted in Sect ion 4 . 1 . 1 0 .  

8 . 4  ALTERNAT I VES 

Al ternat ives to the proposed act ion are essen t ially l imi ted to those 
descr ibed in Sect ion 2 . 2  ( i . e . , al ternat ive routes , an underground 
transmiss ion system , no act ion , and al ternative generat ing fac i l it ies ) .  For 
reasons stated in Sect ion 2 . 2 ,  the only viable al ternat ives to the proposed 
project are the al ternat ive routes or underground des ign . Economic 
cons iderat ions have an important influence on the choice of the proposed 
project route des ign ( i . e . , overhead system ) over the al ternat ive routes and 
des ign ( i . e . , underground system) . 

The economic considerations are largely l inked w i th environmental impacts 
that would ensue from the al ternat ives . For example , the increased cos ts of 
an underground sys tem are par tly related to increased clear ing and 
trenching . Obviously , trenching through all the wetlands within  the Phase I I  
r ights-of-way ( accompan ied by increased access road needs ) would have a 
greater impact than that assoc iated w i th structure placements and access 
requirements fo r the proposed des ign . As stated in Section 4 . 2 . 2 . 4 ,  a greater 
expanse of wetlands would be crossed by the proposed route than by e i ther the 
eastern or wes tern al ternat ive route . ( See Figures 2 . 5  through 2 . 1 0 for major 
bas ins crossed by al ternat ive routes . )  However , it is uncertain as to whether 
this would equate to equivalently l ess structure and access road requirements 
in the wetlands . Also , the Staff bel ieves that the much increased 
env i ronmental cos ts that would occur from forest clear ing ( and potent ial 
eros ion ) for the al ternat ive routes ( see Section 4 . 2 . 2 . 4 )  offsets the minor 
d ifferences in wet land effects among al ternat ives . 
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CULTURAL RE SOURCES SURVEY 

STATUS REPORT NO . 1 

Th i s  r epo r t  i s  be i ng s u bmi t t ed to the Dep a r tme n t  o f  

Ene r gy i n  co nnec t i on w i th t he pend i ng app l i c a t i o n  f o r  amendment 

o f  P r e s i de n t i a l  Permi t PP- 7 6  in Do c ke t  No . PP- 7 6A . Th i s  repo r t  

i s  the f i r s t  repo r t  o n  the s t a t u s  o f  the cu l t u r a l  r e s o u r c e s  

s u r veys wh i c h  a r e be i ng c o ndu c t ed i n  c o nnec t i o n  w i t h  the 

p r o p o s e d  New Eng l a nd /Hyd r o -Qu ebec Pha s e  I I  P r o j ect . ( Fo r  a 

det a i led de s c r i p t i o n  o f  t he p r opo s ed t r a n s m i s s i o n  f a c i l i t i e s , 

s e e  Vo l umes 1 ,  2 ,  a nd 3 o f  the App l i c a n t ' s  Env i r o nmen t a l  

Repo r t . )  Subsequent s t a tu s  repo r t s  w i l l  be f i l ed o n  a 

q u a r t e r l y b a s i s . 

Two cu l tu r a l  r e s o u r c e s  s u rveys a r e c u r r e n t l y  i n  p r o g r e s s  

i n  connec t i o n w i t h  the p r o p o s ed New E ng l a nd /Hyd r o -Qu ebec Pha s e  

I I  P r o j e c t . The f i r s t  f o c u s e s  on a r c h a eo l o g i c a l r e s o u rc e s ; t he 

s ec o nd f o c u s e s  o n  a r c h i t e c t u r a l / h i s to r i c a l  r e s o u r c e s . 

The p u r p o s e s  o f  th i s  f i r s t  s t a t u s  repo r t  a re t h r e e f o l d . 

F i r s t , t h i s  repo r t  de s c r i be s  the p r oce s s  by wh i c h a Cu l t u r a l  

Re s o u r c e s  P l a n a nd a Re s e a r ch Des i g n  f o r  t he cu l t u r a l  r e s o u r c e s  

s u r veys we r e  dev e l oped . Sec o nd , t h i s repo r t  s umma r i z e s  the 

p r i nc i p a l  e l emen t s o f  tho s e  s u rveys . Th i r d ,  t h i s r epo r t  

de s c r i bes the p r o g r es s o f  t he su rveys t h r o u g h  t he end o f  1 9 8 5 . 

The re s u l t s  r e po r t ed he r e i n  pe r t a i n s o l e l y  t o  the co r r i do r s  

wh i c h  wo u l d be u t i l i z ed by the p r o p o s ed t r an s m i s s i o n  l i ne s  a nd 

do not i nc l ude s u r v ey r e s u l t s  f o r t he Tewk s bu ry a l t e r n a t e  r o u t e . 
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I I . DEVELOPMENT OF CULTURAL RE SOURCE S PLAN AND RESEARCH DES I GN 

A .  Cu l tu r a l  Res o u r c es P l a n 

E a r l y i n  1 9 8 5 ,  New Eng l a nd Powe r Comp a ny ( t he Company)  

deve l oped a Cu l t u r a l  Resou r c e s  P l a n ( t he P l a n )  t o  s e r ve a s  a 

b a s i s  fo r the r e q u i r ed cu l t u r a l  s u r veys . The P l a n w a s  

p r ed i c a t ed u p o n  comp l i a nc e  w i t h  Sec t i o n  1 0 6  o f  the N a t i o n a l 

H i s t o r i c  P r es e r v a t i o n Ac t ( 1 6 U . S . C .  Sec . 4 7 0  et  s eq . ) a nd the 

imp l ement i ng r eg u l a t i o ns  ( 3 6  CFR Pa r t  8 0 0 ) . 

Sec t i on 1 0 6  r equ i r e s , i n  p a r t , t h a t  the head o f  any 

Fede r a l a g ency hav i ng autho r i ty t o  l i c en s e  a ny unde r t a k i ng 

s h a l l ,  p r i o r  to  the i s su ance o f  any l i cen s e , " t a ke i n t o  account 

th e  e f f e c t  of  the unde r t a k i ng on any d i s t r i c t , s i t e ,  bu i l d i ng , 

s t ruc t u r e , o r  obj e c t  t h a t  i s  i nc l uded i n  o r  e l i g i b l e  f o r  

i nc l u s i o n i n  the N a t i o n a l Reg i s t e r  [ o f  H i s t o r i c P l a c e s ] " .  

Amo ng o t he r t h i ng s , 3 6  CFR P a r t  8 0 0  r e qu i r e s  con s u l t a t i o n  

w i t h  S t a t e  H i s t o r i c  P r e s e r v a t i o n O f f i c e r s  ( SHPO ' s ) t o : 

a .  i dent i f y N a t i o n a l Reg i s t e r  o f  H i s to r i c P l aces ' 

p r o pe r t i e s  o r  p r o pe r t i e s t h a t  may be e l i g i b l e  f o r  

t he Reg i s t e r  wh i c h  may be a f f e c t ed by t h e  p ro p o s ed 

unde r t a k i ng ; a nd 

b .  de t e rmi ne f o r  e a c h  Reg i s t e r  o r  e l i g i b l e p r o pe r ty 

whe the r  the p ro po s ed unde r t a k i ng wou l d  h a v e  no 

e f fect , no a dv e r s e  e f fect o r  an adve r s e  e f fect o n  

tho se p r o pe r t i e s . 
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The Comp a ny dete rmi ned t h a t  f o r t h i s unde r t a k i ng ( i . e . , a 

t r a nsmi s s i o n l i ne p r o j ec t ) a rc haeo l o g i c a l a nd a rc h i tec t u r a l /  

h i s to r i c a l s u rveys wou l d be neces s a ry t o  s a t i s fy regu l a to ry 

requ i remen t s ;  o t he r types o f  s u rveys ( e . g . , ethno g r a phy ) wo u l d 

no t be needed . The r ema i nde r o f  t h i s  s ec t i o n  des c r i be s  t he 

Comp a ny ' s  Cu l t u r a l Re s ou r c e s  P l a n  a nd the a pp r ova l o f  t h a t  p l a n . 

The P l a n  c a l led f o r t he Comp a ny to  re t a i n  SHPO-app ro ved 

c o ns u l t a nt s . The con s u l t a n t s  we re i n  t u r n  to p e r f o rm v a r i o u s  

a c t i v i t i e s  l ea d i ng to a f i na l repo r t . The s e  a c t i v i t i es 

i nc l uded deve l o pment o f  a Res e a rch Des i gn , t he comp l et i o n  o f  

b a c kg r o u nd r e s e a r ch , a nd t he comp l e t i o n  o f  a f i e l d  s u r vey . 

Wi t h  r e s pec t to a rc heo l o g i c a l r e s o u r c e s , t he pu rpo s e  o f  the 

f i e l d  s u rvey w a s  to  i dent i f y l i ke l y  l o c a t i o n s  f o r  cu l t u r a l  

ma t e r i a l s  o n  t he r i g h t s - o f -way ( ROW ) . Wi t h  r e s pec t to 

a rc h i t e c tu r a l / h i s to r i c a l  r e s o u rces , the pu r p o s e  of t he f i e l d  

s u r vey wa s t o  i dent i fy N a t i o n a l Reg i s t e r  p r o pe r t i e s  o r  e l i g i b l e  

p r o pe r t i es g ene r a l ly w i t h i n  1 / 4  mi l e  o f  t he cen t e r  l i ne o f  the 

ROW . 

Add i t i o n a l t a s ks to be pe r f o rmed by t he c o ns u l t a nt s , 

acco r d i ng to  t he P l a n , i nc l uded dete rmi na t i o n  o f  imp ac t s  t h a t  

co u l d a f f e c t  e l i g i b i l i ty o n  N a t i o n a l Reg i s t e r  a nd e l i g i b l e  

p r o pe r t i es . I f  neces s a ry ,  p r o po sed mi t i g a t i ve me a s u r e s  wo u l d  

then be deve l o ped . The f i na l ac t i v i ty requ i red o f  t he 

c o ns u l t a n t s  wi l l  be the s u bmi t t a l o f  a f i na l repo r t  t o  t he 

Comp a ny . 
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The P l a n  a l s o c a l l s  f o r the Comp a ny to  s ubmi t t he f i n a l  

r epo r t  t o  t h e  SHPO ' s  i nc l ud i ng a ny p r opo s e d  mi t i g a t i ve 

me a s u r e s . The SHPO ' s ,  i n  c o n s u l t a t i o n  w i t h  t he Comp a ny ,  wi l l  

t he n  det e rm i ne the e f f e c t s  o f  t he p r o p o s ed unde r t a k i ng o n  

N a t i ona l Reg i s t e r  and e l i g i b l e  p r o pe r t i e s  ba s ed u p o n  t he 

Adv i s o ry Counc i l o n  H i s t o r i c  P r e s e rv a t i on ( the ACHP ) c r i te r i a  

o f  e f f e c t  a nd adv e r s e  e f f e c t  ( 3 6  CFR Sec t i o n 8 0 0 . 3 ) . The f i n a l  

s t e p  i n  the P l an c a l l s  f o r  the SHPO ' s  t o  r epo r t  t he i r f i nd i ng s  

t o  the Dep a r tme n t  o f  Energy a nd , i f  nec e s s a ry ,  the ACHP . 

On Ma r c h  2 7 ,  1 9 8 5 ,  the Comp a ny p r e s en ted t he P l a n  to  t he 

D i r ec t o r o f  t he New H amps h i r e  S t a t e  H i s t o r i c  P r e s e rv a t i o n 

O f f i c e  ( NHSHPO )  a nd t o  t he New Hamp s h i r e  S t a t e  A r c haeo l og i s t . 

On Ap r i l 1 ,  1 9 8 5 , a s i mi l a r  p r e s e n t a t i o n w a s  made t o  the Deputy 

S t a t e  H i s to r i c  P r e s e rv a t i o n  O f f i c e r  o f  t he Ma s s achu s e t t s  

H i s to r i c a l Commi s s i o n  ( MHC ) a nd to  t he Ma s s achu s e t t s  S t a t e  

A r c h a eo l o g i s t . A t  e a c h  o f  t h e s e  p re s e n t a t i o n s , r ec ommend a t i o n s  

f o r mod i f i c a t i o n s  t o  t he s c o p e  o f  t he c u l t u r a l  r e s o u rces 

s u r v eys we r e  s o l i c i ted . The o n ly r ec ommend a t i o n  made f o r  

mod i f i c a t i o n  w a s  t h a t  i f  a h i s t o r i c  d i s t r i c t wa s nea r t he 

r i g h t -o f -way , but ou t s i de o f  the o ne q u a r t e r -mi l e  p a r amet e r , 

po s s i b le e f f e c t s  u p o n  the d i s t r i c t  shou l d  be a s s e s sed . At e a c h  

mee t i ng ,  no o t he r d i s c i p l i ne s  we r e  r ecommended f o r  i nc lu s i o n  i n  

t he s u rveys . The Comp a ny ob t a i ned l i s t s  o f  expe r i enced 

c o ns u l t a n t s  f r om t he agenc i e s  so t h a t  the Compa ny ' s  Req ue s t  f o r 

P r o po s a l  ( RFP ) wou l d  be i s s ued o n l y  t o  q u a l i f i ed p a r t i e s . 
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B .  Se l ec t i o n  of Consu l t a n t s  

On Ap r i l  2 9 , 1 9 8 5 ,  t h e  Comp a ny i s sued i t s  RFP f o r  " a  

comp r ehens i ve cu l tu r a l  r e s ou r c e s  i dent i f i c a t i on a nd a s s e s sment 

su r vey . " T h e  RFP w a s  b a s ed upon the P l a n a nd w a s  s e nt to 3 3  

c o n s u l t a nt s . The RFP s t a t ed t h a t  p ro po s a l s  wou l d be a ccepted 

fo r e i t he r  d i s c i p l i ne ( a rc h a eo l o g i c a l  o r  

a r c h i t e c t u r a l /h i s t o r i c a l  o r  bo t h )  a nd fo r e i t h e r  S t a te ( New 

Hamp s h i re o r  Ma s s achu s e t t s  o r  bo t h ) . 

A to t a l  o f  seven r e s p o n s e s  to  the RFP we r e  rece i ved . On 

May 3 0 ,  1 9 8 5 , the Comp a ny s e l e c t e d  the O f f i c e  of Pub l i c 

A r c h a eo l o gy ( OPA ) , Bo s to n  Un i ve r s i ty ,  to  c o nduct a l l  o f  the 

requ i r ed s u r veys . Th i s  dec i s i o n  w a s  b a sed upo n CPA ' s  

a r c h a eo l o g i c a l  expe r i ence i n  l i ne a r  s u r veys , the i r v e r y  h i g h  

l eve l o f  expe r t i s e i n  each o f  the a r chaeo log i c a l a nd 

a r c h i t e c t u r a l /h i s to r i c a l  d i s c i p l i nes  f o r  the r e g i ons  to  be 

t r a ve r s ed by t he p r o po s ed p r o j ect a nd t he qu a l i ty of the i r 

unde r s t a nd i ng o f  the p r o j e c t ' s  requ i r ement s a s  shown by the i r 

p ro p o s a l . 

C .  Res e a rch De s i gn 

On Ju ly 1 ,  1 9 8 5 , OPA s u bmi t t ed t o  the Comp a ny i t s Res e a rch 

Des i g n ,  wh i c h exp l a i ned how OPA wo u l d a c comp l i s h  t he requ i r ed 

s u r veys i n  c o n f o rmance w i t h  the P l a n . ( See At t a chmen t  A ) . The 

Comp a ny s u bm i t t ed the R e s e a rch Des i g n  t o  the NHSHPO a nd the MHC 

f o r  the i r de t e rm i n a t i o n  a s  to wh ethe r the p r o po s ed cu l t u r a l  

r e s o u r c e s  s u r veys wou ld be i n  comp l i ance w i t h  3 6  CFR Pa r t  8 0 0 . 

Let t e r s  o f  a pp ro v a l  w i thout a ny r ecommenda t i o n s  fo r c h a ng e s  o r  
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a d d i t i o n a l a r e a s  o f  s t u dy we r e  i s s u e d  b y  t he MHC o n  S e p t embe r 

9 ,  1 9 8 5  a n d  by t h e  N H S H PO o n  Oc t o b e r  3 0 ,  1 9 8 5 . ( S e e  

A t t a c hmen t s  B a n d  C . ) 

I I I . CULTURAL RE SOURCES SURVEYS 

A .  A r c h a e o l o gy 

1 .  B a c kg r o u n d R e s e a r c h  

T h e  i n i t i a l  p h a s e  o f  t h e  a r c h a e o l o g i c a l  s u r v e y  w a s  

b a c kg r o u n d  r e s e a r c h  f o r  t h e  d e v e l o p me n t  o f  a p r e h i s t o r i c  a n d  

h i s t o r i c a l  o v e r v i ew o f  t h e  s t u dy a r e a . T h i s  r e s e a r c h  p r o v i d e d  

a c o n t e x t u a l f r a mewo r k  f o r  t h e  e v a l u a t i o n  o f  a r c h a e o l o g i c a l  

s i t e s  i d e n t i f i e d w i t h i n  t h e  p r o j e c t  a r e a . S o u r c e s  f o r  t h i s  

r e s e a r c h  i n c l u d e d  N H S H PO a n d  MHC f i l e s , p l a n n i n g c o mm i s s i o n s , 

h i s t o r i c a l s o c i e t i e s , o t h e r a r c h a e o l o g i s t s , a s  w e l l  a s  o t h e r  

know l e d g e a b l e  i n d i v i d u a l s . T h i s  a n a l y s i s  h a s  b e e n  c o mp l e t e d . 

2 .  Wa l k - Ov e r R e c o n n a i s s a n c e  S u r v ey 

The i n i t i a l  a r c h a e o l o g i c a l  f i e l d  wo r k  w a s a w a l k - o v e r 

r e c o n n a i s s a n c e  s u r v e y  t o  d e t e r m i n e a r e a s  o f  p o t e n t i a l  

a r c h a e o l o g i c a l s e n s i t i v i t y f o r  f u t u r e  t e s t i n g . I n  a c c o r d a n c e  

w i t h  t h e  P l a n a n d t h e  R e s e a r c h  D e s i g n , OPA c o n d u c t e d a 1 0 0 %  

p e d e s t r i a n s u r v ey o f  t h e  e n t i r e p r o p o s e d c o r r i d o r f r o m  t h e  

P h a s e  I C o n v e r t e r  T e r m i n a l s i t e i n  M o n r o e , N ew H a m p s h i r e t o  

Me dw a y , M a s s a c h u s e t t s , i n c l u d i n g t h e  p r o p o s e d C o nv e r t e r  

Te r m i n a l  s i t e i n  Aye r a n d  G r o t o n , M a s s a c h u s e t t s . T h e  

p e d e s t r i a n s u r v e y s  b e g a n  i n  A u g u s t , 1 9 8 5  a n d we r e  c o mp l e t e d 1 n  

S e p t e mbe r , 1 9 8 5 . 
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Recommend a t i ons  f o r  a r e a s  to be t es t ed we r e  b a s ed upon 

deg r ee of s l ope , s o i l type s , r e l a t i on s h i ps t o  wet l ands a nd 

wa t e r  bo d i es , e l ev a t i ons , s u r f ace s amp l e s  and o t he r 

topo g r a ph i c a l f e a t u r e s . I n  New Hamp s h i re ,  a t o t a l  o f  1 0 5  a r e a s  

( ap p r o x i ma t e l y  1 3 2 , 0 0 0  l i ne a r  f eet ) we r e  p r o p o s ed f o r the 

f o l low i ng t es t i ng pha s e . I n  Ma s s achu s e t t s ,  a t o t a l  o f  1 1 3  

a r e a s  ( ap p r o x i ma t e ly 8 0 , 0 0 0  l i ne a r  f e e t ) we re rec ommended f o r  

f u r t h e r  t e s t i ng . *  

3 .  I n t ens i v e  A r c h a eo l og i c a l Tes t i ng 

The next p h a s e  o f  t he a r chaeo l o g i c a l s u rvey , t he s o -c a l l ed 

" i nt en s i ve a rchaeo l og i c a l  t e s t i ng "  p h a s e , wa s des i g ned to t e s t 

t ho s e  potent i a l ly s e n s i t i v e  a re a s  recommended f o r  f u r t he r  

t es t i ng a s  a r es u l t  o f  t he wa l k-ove r r econna i s s a nce su rvey i n  

o rd e r  t o  i dent i f y the p r e s ence o r  absence o f  a r chaeo log i c a l 

s i t e s  on  the ROW . The i n i t i a l  a c t i v i t y i n  t h i s p h a s e  wa s 

de t e rmi n a t i o n  by Comp a ny eng i ne e r s  o f  t he a p p r o x i ma t e l oc a t i o n 

o f  t r ansmi s s i o n  s t ruc tu r e s  i n  t he rec omme nded t e s t  a re a s . 

S t r uc t u r e  s i t i ng w a s  b a s ed upon c r i t e r i a  s u c h  a s  i ns t a l l a t i o n  

o f  s t ruc t u r e s  o p po s i t e o r  i n  l i ne w i t h  ex i s t i ng s t r uc t u r e s , 

avo i d a nce o f  we t l ands , s t reet c ro s s i ng r e q u i rement s a nd 

a n a l ys i s  o f  ex i s t i ng l i ne s ' p r o f i l e s , a e r i a l  pho to g r aphs and 

USGS maps , reco r d s  of  t he ex i s t i ng l i ne s  a nd f i e ld 

exami n a t i o ns . App r o x i ma t e l y 5 7 0  s t ruc t u re s  we r e  s i t ed w i t h i n  

recommended t e s t i ng a r e a s . 

* I nc l uded i n  t he 2 1 8 a r e a s  r ecomme nded f o r  t e s t i ng we r e  a r e a s  
o f  low o r  m i n i ma l  a rchaeo l og i c a l  sens i t i v i ty . F a i l u r e  t o  f i nd 
cu l t u r a l  ma t e r i a l s  a t  t he s e  l oc a t i o ns he l ped t o  ve r i fy t he 
v a l i d i ty o f  t he c r i t e r i a  fo r recommend i ng a r e a s  f o r 
a rc h aeo l og i c a l  t e s t i ng . 
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An accu r a cy r a nge of e i t h e r  ± 50 f ee t  o r  + 1 0 0  f eet wa s 

a s s i g ned t o  �ach s t r uc t u r e  l oc a t i o n  b a s ed u p o n  the l eve l o f  

con f i dence t h a t  p l acement w i t h i n  the a r ea  wou l d  be wo r ka b l e  i n  

t he f i na l des i g n . Fo r s t r u c t u r e s  w i t h  a n  acc u r acy r a ng e  o f  

± 5 0  feet , s i x t e s t  p i t s we re du g ; f o r  t ho s e  w i t h  a + 1 0 0  f e e t  

a ccu r a cy r a ng e , t en t e s t  p i t s  we re dug . A t  many l o c a t i o n s , due 

to t e r r a i n  f e a t u r e s , such as l edge on one s i de o f  a p ro p o s ed 

s t r u c t u r e  l o c a t i o n , a l e s s e r  numbe r o f  t e s t  p i t s  we r e  dug . 

The i nten s i v e a r chaeo l o g i c a l  t e s t i ng pha s e  s t a r t ed i n  

Se ptembe r 1 9 8 5  a nd w a s  comp l e t ed i n  Decembe r 1 9 8 5 . 

Ap p ro x i ma t e l y  1 , 9 0 0  t e s t  p i t s  we re dug . Fo r e a c h  t e s t  p i t ,  a 

summa ry f o rm wa s f i l l ed out t o  p ro v i de re l e v a n t  i n f o rma t i o n . 

The p r oposed S a ndy Po nd Conve r t e r  Te rmi na l s i t e  d i d  not qua l i f y 

f o r  i nt e n s i ve a r chaeo l o g i c a l  t e s t i ng . 

Fo r t he v a s t  ma j o r i t y o f  t e s t  p i t s  dug , no cu l t u r a l 

ma t e r i a l s  we r e r ecove r ed . Howeve r ,  a t  s eve r a l  s t ruc t u r e  

l o c a t i o ns cu l t u r a l  ma t e r i a l s  we r e  recove red i n  one o f  t he t e s t  

p i t s dug . I n  e a ch such i n s t a nce , f ou r  add i t i o n a l t e s t  p i t s  

we r e  dug , 2 5  f e e t  i n  e a c h  d i rect i o n , t o  b r a c ke t  t h a t  t e s t  p i t  

whe re  t he ma t e r i a l  w a s  l o c a ted . No t h i ng wa s f ound i n  a ny o f  

t he s e  b r a c ke t i ng t e s t  p i t s . The r e f o r e , t he Comp a ny a nd OPA 

be l i eve t h a t  none o f  t he s e  s i t e s  a r e e l i g i b l e  f o r  the N a t i o n a l 

Reg i s t e r  o f  H i s t o r i c P l aces . 

Su r f ac e r ema i n s  o f  f o rme r a g r i cu l t u r a l  comp lexes ( e . g . ,  

ce l l a r  ho l e s , we l l s , o r  r o c k  wa l l s )  we r e  i dent i f i ed i n  s eve r a l  

a r e a s  i n  e a c h  s t a t e . The s e  i dent i f i ed f e a t u r e s  we re ma pped . 
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Ten p roposed s t r uc t u r e  l oc a t i o n s  we r e  moved s o  t h a t  these 

i de n t i f i ed s u r f a ce r ema i n s wo u l d  not  be i n  t he e s t i m a ted 1 0 0 ' x 

1 0 0 ' c o n s t r uc t i o n  i mp a c t  a re a  a s s o c i a t ed w i t h  e a c h  t r a ns m i s s i o n 

s t r uc t u r e . I n  t he v i c i n i ty o f  t h e s e  f e a t u r e s , a s  we l l  a s  i n  

a r e a s  no t r equ i r i ng r e l o c a t i o n o f  p r o p o s ed s t r uc t u r e s , the 

Compa ny w i l l  f l ag  i dent i f i ed cu l t u r a l f e a t u r e s  to  a v o i d  i mp a c t s  

du r i ng c o ns t ruc t i on . 

4 .  Ar chaeo l og i c a l S i t e Exami n a t i o n  

The p u r p o s e  o f  t h i s  pha s e  was  t o  o bt a i n  s u f f i c i e n t  da t a  o n  

s i t e s  d i s cove red du r i ng t he i n tens i ve s u rvey t o  de t e rmi ne 

whethe r o r  n o t  t hey a re e l i g i b l e  f o r  t he Na t i o n a l Re g i s t e r . I f  

s u f f i c i en t  cu l tu r a l ma t e r i a l s  had bee n  r ecove r ed a t  a ny 

l o c a t i o n du r i ng t he i n tens i ve a rchaeo l og i c a l  t e s t i ng pha s e , 

s u bs equent t es t i ng , r e f e r red t o  i n  t he Res ea rch Des i g n  a s  

" a rchaeo l o g i c a l s i te exam i n a t i on " , u t i l i z i ng two -me t e r  squa re 

u n i t exc a v a t i o n s , wo u l d  have been unde r t a ken to  de t e rmi ne d a t a  

o n  funct i o n , d a t e , i nt eg r i ty a nd s i t e  bounda r i e s . B a s ed upon 

t he r e s u l t s  of t he i nt e n s i v e  a r chaeo l o g i c a l  t e s t i ng , the 

Comp a ny a nd OPA be l i ev e  t h a t  no l o c a t i o n s  requ i r ed s uch t e s t i ng . 

5 .  Det e rmi na t i o n  o f  E f f e c t  

B a s ed upon t he r e s u l t s  t o  d a t e  o f  t he a r chaeo l o g i c a l 

s u r vey ,  t he Comp a ny and OPA be l i eve t h a t  t he p r o po s ed 

unde r t a k i ng wo u l d  no t i mp a c t  a r chaeo l o g i c a l r e s ou r c e s  o f  t he 

s t a t e s  o f  New Hamp s h i r e o r  Ma s s achu s e t t s  t h a t  a r e l i s t ed i n ,  o r  

po te n t i a l ly e l i g i b l e  fo r l i s t i ng i n ,  t he Na t i o n a l Reg i s t e r  o f  

H i s t o r i c P l a c e s . 
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I f ,  du r i ng f i n a l des i g n  o f  the p r op o s ed t r a ns m i s s i o n  

f a c i l i t i e s , t h e  Comp a ny f i nd s  i t  nece s s a ry t o  c h a ng e  the 

l oc a t i on of a ny p r o p o s ed t r a nsmi s s i o n s t ruc t u r e  i n  a n  

a r cha eo l og i c a l ly- s e n s i t i v e  a r e a  t o  a n o t h e r  l o c a t i o n , not 

p r ev i ous l y  t e s t e d , w i t h i n  t h a t  s en s i t i ve a r e a , a dd i t i on a l 

t e s t i ng wou l d  be c o nduc t ed by the Comp a ny p r i o r  t o  

c o n s t ruct i o n . The s e  t e s t  r e su l t s  wou l d  be repo r t ed to  the 

NHSHPO and the MHC , as  a p p r op r i at e . A l s o , the Comp a ny wou l d  

ce a s e  co n s t r uct i on a t  any s i t e whe r e i n  cu l t u r a l  d a t a  i s  

uncovered u nt i l  t e s t i ng c a n  de te rmi ne the s i g n i f i c a nce o f  the 

d a t a . 

B .  A r c h i t e c t u r a l / H i s t o r i c a l  

1 .  I den t i f i c a t i on 

Acco r d i ng t o  the Res e a rch Des i g n , the i n i t i a l  p h a s e  o f  the 

a r c h i tectu r a l /h i s t o r i c a l  s u rvey was t o  s u rvey a l l  cu l t u r a l  

p r op e r t i e s w i t h i n  one qu a r t e r -mi l e  o f  the p r o p o s ed co r r i do r ' s  

cen t e r l i ne a nd o t h e r  cu l t u r a l  p r o pe r t i es i n  p r o x i m i ty t o  the 

ROW , bu t beyo nd the one qua r t e r -mi l e  l i mi t ,  wh i ch may be 

i mpacted . Th i s  s u rvey wo u l d i dent i f y each s t a nd i ng 

a r c h i tectu r a l / h i s t o r i c a l r e s ou rce e i t he r l i s t ed i n  the N a t i o na l 

Reg i s t e r  o r  potent i a l ly e l i g i b l e  f o r  such l i s t i ng .  

The i de n t i f i c a t i o n s u r v ey beg a n  i n  Au g u s t 1 9 8 5  a nd wa s 

comp leted i n  Nov embe r 1 9 8 5 . I n  New Hamp s h i r e , 3 1 8 c u l t u r a l  

p r o pe r t i e s  we r e i dent i f i ed a s  i n  the Reg i s t e r  o r  p o t ent i a l ly 

e l i g i b le ; i n  Ma s s a c hu s et t s , 6 7 5  cu l t u r a l  p r ope r t i es we re s o  

i dent i f i ed . 
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I n  New Hamp s h i re , e a c h  i dent i f i ed cu l tu r a l  p r o pe r ty wa s 

ev a l u a ted by OPA i n  con j u nc t i o n  w i t h  t he NHSHPO ag a i ns t  t he 

N a t i o n a l Reg i s t e r  c r i te r i a  ( 3 6  CFR Sec t i o n  6 0 . 4 ) to  see i f  t he 

p r o pe r ty wa s i n  f ac t  e l i g i b l e  f o r  l i s t i ng i n  t he Reg i s te r . 

App r o x i ma t e ly 2 3 9  o f  t he i dent i f i ed 3 1 8 cu l t u r a l  p r o pe r t i e s  

h a ve been determi ned by OPA a nd t he SHPO to  be l i s t ed i n  t he 

N a t i o n a l Reg i s t e r  o r  e l i g i b l e  f o r  i nc lu s i o n . I n  Ma s s achu s et t s , 

ev a l u a t i o n  h a s  been comp l eted by OPA f o r  a l l  but t he town o f  

Medway . The r e s u l t s  have no t yet been r ev i ewed w i t h  t he MHC . 

3 .  A s s e s sment o f  I mpac t  

Acco r d i ng to  t he P l a n a n d  the Re s e a r c h  De s i g n , t he next 

p h a s e  o f  t he a r c h i tec t u r a l / h i s to r i c a l  s u r vey w i l l  be a n  

a s se s sment o f  e f fec t s  upon t h o s e  cu l tu r a l  p ro pe r t i e s  dete rmi ned 

t o  be l i s ted i n  o r  e l i g i b l e  f o r  l i s t i ng i n  t he N a t i o n a l 

Reg i s te r . I n  t h i s p r oces s ,  t he SHPOs and OPA w i l l  be app l y i ng 

ACHP ' s  c r i t e r i a  o f  e f f ect and adve r s e e f f ec t . ( 3 6  CFR Sec t i o n  

8 0 0 . 3 ) . 

An a l y s i s  o f  imp a c t s  i s  cu r r ent l y  u nde rway . Re s u l t s  o f  the 

i mp a c t  a s s e s sment a re expec ted to  be a v a i l a b l e  f o r  i nc l u s i o n  i n  

the next qua r t e r ly r epo r t . 

The Comp a ny a nd OPA w i l l  be co nduc t i ng mi t i g a t i o n  ana l y s i s ,  

a s  nece s s a ry ,  ba se d upon t he resu l t s  o f  t he a s s e s sment o f  

i mp a c t  s t udy . 
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OPA has comple ted i t s  f i e ld wo r k  for the archaeolog i c al and 

t he a rc h i tectural/ h i s tor i c al s u rveys . 

Fo r the arc haeo log i c a l  surveys , de s c r ibed above , the 

Company and OPA bel i eve there are no impac ts upon s ig n i f i c a n t  

a r c ha e o l og i c a l  re sources , i . e . , resources l i sted in or el ig ible 

for l i s t i ng i n  t he Nat ional Reg i s te r , i n  e i the r s tate . 

Fo r the arc h i te c tural/h i s to r i cal surveys , descr ibed above , 

t he Company a nd OPA c urrently are analyz i ng impacts upon 

c u l t u r a l  prope r t i e s  i n  the two state s . The Company expects to 

f i na l i ze d e t e rm i n a t ions of el ig ib i l ity a nd e f fects upon such 

prope r t i e s  d u r i ng mee t ing s  with NHS H PO and MHC s t a f f early in 

1 9 8 6 .  Any nec e s s a ry m i t ig a t i on analys i s  w i l l  comme nce s ho r t l y  

t he r e a f te r .  

A F i na l  Re po r t , as descr i bed in the Pl an and the Re search 

De s i g n , i s  s c heduled to be subm i t ted by OPA to t he Company for 

t r a n sm i t tal to the SHPO ' s of eac h state and w i l l  be add ressed in 

t he F E I S . F i nal d e t e rm i nat i ons by t he SHPO ' s o f  the propo sed 

und e r ta k i ng ' s  e f f e c t s , i f  any , upo n c u l t ural prope r t i e s  are 

e x pe c ted to be c ompleted d ur i ng the spr i ng of 1 9 8 6 .  
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CULTURAL RE SOURCE S SURVEY 

STATUS REPORT NO . 2 

Th i s  repo r t  i s  be i ng s u bm i t ted to the Depa r tme nt o f  Energy 

in connec t ion w i th t he pend i ng app l ic a t i o n  f o r  amendme nt o f  

P r e s ident i a l  Pe r m i t  PP- 7 6  i n  Doc k e t  No . PP- 7 6A .  Th i s  repo r t  i s  

the second r epo r t  o n  t he status o f  t he c u lt u r a l  r e s o u r c e s  

su r veys wh i c h  a r e  be i ng c o nduc ted i n  c onnec t i o n  w i th the 

p ropo sed New E ng la nd/Hyd r o-Quebec Phase I I  P r o j ec t .  ( Fo r  a 

deta i led d e sc r ipt ion of the p r oposed t r an sm i s s i o n  f ac i l i t ie s ,  

see Vo l umes 1 ,  2 ,  a nd 3 o f  t he App l i c a n t ' s  E nv i r onmental 

Repo r t . ) The next status repo r t  w i l l  be f i led on Ju ly 1 ,  1 9 8 6 .  

Two c u l t u r a l  r e s o u r c e s  su r veys a r e  c u r r en t ly i n  p r og r e s s  i n  

connect ion w i th the pr opo sed New England/Hyd r o - Quebec Phase I I  

P r o j ec t .  The f i r s t  f oc u ses o n  a r c h aeo log i c a l  r e s o u r ce s ; the 

second foc u s e s  on arc h i tec t u r a l/h i s to r i c a l  r e sou r c e s . The 

p u r pose of th i s  status r epo r t is to s umma r i z e  t he p r og r e s s  o f  

tho se s u r veys s i nc e  Ja nua ry 3 ,  19 8 6 ,  t h e  d a t e  of S t a t u s  Repo r t  

No . 1 .  

As w i t h  S t a t u s  Repo r t  No . 1 ,  the fo l lo w i ng repo r t  relates 

to t he p r oposed t r a n smi s s ion l i ne c o r r i do r s  a nd does not 

i nc lude s u r vey r e su l t s  fo r the Tewk sbu r y  a l t e r nate r o u t e . 
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Dur i ng the f i r s t qua r te r  o f  19 8 6 ,  the o f f ice o f  Publ i c  

Arc haeo logy ( OPA) o f  Bo ston U n i ve r s ity , t he consu ltant se lec ted 

to conduct the c u l t u r a l  r e s o u r c e s  s u r vey s , comp l eted all f i e ld 

wo r k  a nd labo r ato ry analy s i s  f o r  t he a r c haeo log ical s u r vey s . 

Also dur i ng the f i r s t  qu a r ter , OPA s u b s tant i a l ly completed 

prepa r a t ion o f  the a r c haeolog ic al po r t ions o f  the F i nal Repo r t s  

wh ic h a r e  to be subm i tted t o  the State H i st o r ic P r e s e rvat ion 

O f f ic e r s  ( SHPO ' s ) of New Hamps h i r e a nd Massachu s e tt s .  

New Eng land Powe r Company ( t he Company )  and OPA have no 

r e a son to c hange t he i r  conc lu s ion ( as s t ated i n  S t a t u s  Repo r t  

No . 1 ,  Ja nuary 3 ,  1 9 8 6 )  that the p r oposed under tak i ng wo u ld not 

impac t a r c haeo log ical r e sou rces of the s t a t e s  of New Hamp s h i r e 

o r  Ma s sac h u s e t t s  that a r e  l i sted i n , or po tent i a l ly el ig i ble 

for l i s t i ng i n ,  t he Na t i onal Reg i s t e r  o f  H i s to r ic Plac e s . 

I I I . ARCHI TECTURAL/HI STORICAL 

A .  Ident i f ic a t ion 

S t a t u s  Repo r t  No . 1 i nd icated tha t , i n  Ma ssac hu se t t s , 

6 7 5  c u l t u r al p r ope r t i e s we re ident i f i ed a s  l i s ted i n  the 

Nat ional Reg i s t e r  of H i s tor ic Places o r  po tent i a l ly 

e l ig i b le f o r  such l i s t i ng . Th i s  was a typog r aph ical e r r o r ; 

app rox imately 4 7 5  c u l t u r a l  p r ope r t i e s  we r e  ac t u a l ly 

ident i f i ed i n  Ma s s ac h u s e t t s .  
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B .  Evalu a t ion 

E a r ly i n  Ja nuary the Company and OPA me t w i t h the NH SPO 

in Conc o rd to r e v i ew ae r i a l  a nd g r o u nd pho tog r aphs of 

p r ope r t ie s  p r e v i o u s ly be l i eved e l ig ible f o r  l i st i ng i n  the 

Reg i s ter to dete rmi ne t he e f fec t s  of the p roposed 

u nde r ta k i ng .  For tho se e l ig ible p r ope r t i e s  whose 

e l ig i b i l i ty was p r ed ic ated in pa r t  upon t he i r  sett i ng , the 

Company and OPA cond uc t ed f i eld r e v i ews to ve r i fy that the 

p r ope r t ies we re in fact e l ig ible f o r  l i st ing . Ba sed upon 

these f i e ld r e v i ews , the Company and OPA be l i eve that some 

p r ope r t i e s  p r e v i o u s ly cons idered e l i g ible a r e  not 

e l ig i ble . A meet i ng w i l l  be held sho r tly w i th the NHSHPO 

to r e so l ve t he e l i g i b i l i ty of the p a r t i c u lar prope r t i e s  i n  

que st i o n .  

I n  Ma ss ac huse t t s  t h e  r e s u l t s  o f  t h e  I dent i f icat ion 

S u r vey we r e  subm i t ted to the Massachu s e t t s  H i s to r ical 

Comm i s s io n  (MHC ) , i . e . , Ma s sac h u s e t t s  SHPO , f o r  the i r  

p r e l i m i na ry comments a s  to wh ich p r ope r t i e s  might be 

e l ig i ble fo r l i s t i ng i n  the Reg i s t e r . The MHC has info rmed 

the Company a nd OPA that app r ox ima t e ly 2 9 0  p rope r t i es ( 7 5  

i nd i v i d u a l  p r ope r t i e s  and f ive h i s to r ic d i s t r ic t s ,  

i nc l ud i ng a total o f  a bo u t  2 1 5  i nd i v idual p r ope r t ie s )  may 

be el ig i b l e  fo r l i s t i ng .  

F i na l  el ig i b i l i ty determina t ions rega r d i ng bo th New 

Hamp s h i r e  a nd Mas s ac hu se t t s  w i l l  be ava i l ab le i n  the next 

Status Repo r t .  
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c .  A s se s sment o f  I mpac t 

Dur i ng the f i r s t  qua r t e r  of 19 8 6 , the Company and OPA 

cont i nued to analy ze impac t s  on potent i a l ly e l ig ible o r  

l i s t ed p r ope r t ie s . Th i s  analy s i s  i nvolved add i t iona l f ie ld 

s u r veys in New Hamp sh i re a nd Ma s s ac h u se tt s .  Re s u l t s  of the 

impact a s se s sment , wh ich we r e  expec ted to be inc luded in 

th i s  repo r t ,  a r e  not yet ava i lable . 

I n  New Hamp sh i r e  a mee t i ng w i l l  be he ld sho r t ly w i t h  

the NHSHPO t o  p r e se nt the r e s u l t s  o f  the add i t ional f ie ld 

s u r vey s . I n  Ma s s ac hu s e t t s , f u r ther f ie ld s u r veys a r e  

p lanned f o r  e a r ly Ap r i l .  

The Company and OPA expec t to complete the i r  impac t  

a s se s sme nt d u r i ng Ap r i l .  Sho r t ly the r e a f te r , F inal Repo r t s  

a r e  to be t r ansmi tted to the New Hamp sh i r e  and 

Ma s s achu s e t t s  SHPO ' s .  

I V .  SUMMARY 

OPA has be en wo r k i ng on the p r ep a r a t ion o f  the a r chaeo logy 

po r t ion of the F inal Repo r t s  to the SHPO ' s .  

I n  New Hamp s h i r e , a fo r t hcoming me e t i ng w i th the NHSHPO 

w i ll r e so lve o u t s tand i ng e l ig ib i l i ty and e f f ec t s  i s s u e s  for the 

a rch itec t u r a l/h i s t o r ic a l  su rvey . I n  Ma s sac huset t s ,  a 

f o r thcom i ng f ie ld s u rvey w i ll cons ider wh ether any p r ope r t i e s  

might be adve r se ly impacted by the p r opo sed unde r tak i ng . The 

a r c h i tec t u r al/h i s t o r ic al po r t ion of the F inal Repo r ts w i l l  be 

comp leted a f t e r  th i s  mee t i ng and f ie ld s u r vey . 
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F i n a l  Re po r t s  wi l l  be transm i t ted to the SHPO ' s and f i n a l  

de t e rm i nat i ons by SHPO ' s o f  the propo sed und e r tak i ng ' s  e f fe c t  

upon cul tural prope r t i e s  wi l l  be add re s s e d  i n  the F E I S . 
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CULTURAL RESOURCES SURVEYS 

STATUS REPORT NO . 3 

Th i s  r e po r t i s  be i ng subm i tted to the Depar tment of Ene r gy 

i n  connec t i on w i th the pend i n g  appl i c a t i o n  f o r  amendment o f  

P r e s iden t i a l  Pe r m i t PP- 7 6  i n  Doc k e t  No . PP- 7 6A .  Th i s  r epo r t  i s  

the th i r d  r epo r t  o n  the s t a t u s  o f  the c u l t u r a l  r e so u r c e s  

s u r veys wh i c h  ar e be i ng conduc ted i n  connec t i o n  w i th the 

p r o po sed New Eng land/Hyd r o - Qu ebec Phase I I  P r o j ec t .  ( Fo r  a 

de ta i led de sc r ipt i o n  o f  the pr oposed tr an smi s s i o n  fac i l i t i e s , 

see Vo lumes 1 ,  2 ,  a nd 3 o f  the Appl i cant ' s  Env i r onmental 

Repor t . ) Th e next status repo r t w i l l  be f i l ed on o r  abo u t  

October 1 ,  1 9 8 6 . 

Two c u l t u r a l  r e so u r ce s  s u r veys a r e  c u r r en t ly i n  prog r e s s  i n  

connec t i on w i th the pr oposed New Eng l and Hyd r o -Qu ebec Phase I I  

Pr o j ec t . The f i r s t foc u s e s  o n  ar chaeo log i c a l  r e so u r c e s ; the 

second foc u s e s  on a r c h i tec t u r a l/h i s to r i c a l  r e so u r ce s . The 

pu r pose of th i s  r e po r t  is to summa r i z e the pr og r e s s  of those 

s u r veys s i nce Apr i l  1 ,  1 9 8 6 ,  the date of Status Repo r t  No . 2 .  

As w i th pr i o r  s t a t u s  r e po r ts ,  th i s  r e po r t  r e lates to the 

pr oposed t r ansmi s s i o n  l i ne co r r i do r s  a nd does not i nc lude 

s u r vey r e s u l t s  for the Tew k s b u r y  a l t e r nate r o u t e . 

At the t i me S t a t u s  Repo r t  No . 2 was pr epa r ed , the App l i c ant 

had expec ted F i nal Repo r ts summa r i z i ng the c u l t u r a l  r e s o u r ces 
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s u r veys to be f i led w i th the New Hamps h i r e  S t a te H i s to r i c  

P r e s e r vat ion o f f ice ( NHSHPO ) a n d  t h e  Ma s s ach u s e tts H i s to r i c a l  

Comm i s s ion (MHC ) i n  Ap r i l  o f  1 9 8 6 . Howeve r , be cause o f  delays 

i n  the pr epar a t ion a nd p r oduc t ion of those r e po r t s , they have 

not ye t be en f i led .  The se repo r t s  a r e  c u r r e n t ly schedu led to 

be f i led i n  Aug us t .  Bec ause of the delay in f i l i ng these f i na l  

r epo r t s , ce r ta i n i n fo r ma t ion expec ted t o  b e  i n c luded i n  th i s  

s t atus r epo r t  i s  not yet ava i lable . 

I I . ARCHAEOLOGY 

W i th the except i o n  of c e r t a i n  maps wh i c h  a r e  s t i l l  be i ng 

pr epa r ed , the Ar chaeology po r t ions o f  the F i nal Repo r t s to the 

NHSHPO and the MHC have be en comple ted . Th e Appl i c a n t  and the 

O f f i ce of Publ i c  Ar chaeo logy ( OPA ) of Bo s ton Un iver s i ty , the 

co n s u l tant se lected to complete the cu l t u r a l  r e so u r c e s  s u r veys , 

cont i nue to bel i eve , as s ta ted i n  Status Repo r t  No . 2 ,  th a t  the 

pr oposed unde r ta k i ng wo uld no t impact ar chaeolog i c a l  r e s o u r ce s  

o f  the s tates o f  New Hampsh i r e  or Ma s sachu s e t t s  that a r e  l i s ted 

i n , o r  po ten t i a l ly e l i g i ble f o r  l i s t i ng i n , the Na t i on a l  

Reg i s ter o f  H i s to r i c  Place s .  

I I I . ARCH I TECTURAL/H I STORICAL 

In Apr i l ,  OPA conducted f u r ther f i e ld s u r veys i n  

Mas sach u s e t t s .  These s u r veys we r e  conducted a s  pa r t  o f  OPA ' s 

a s s e s sme nt o f  impacts on po te n t i a l ly e l i g i b le o r  l i s ted 

p r ope r t i e s . All f i e ld wo r k  a s s o c i a ted w i th that a s s e s sme nt i s  
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now c omplete . CPA ' s f i n al a s s e s sment o f  impacts f r om the 

propo sed underta k i ng on po te n t i a l l y  el ig ible o r  l i s ted 

prope r t ies i n  Massachusetts w i l l  be i nc l ud ed i n  the F i nal 

Re po r t . 

In May , the App l i c ant and OPA me t wi th the NHS HPO to 

f i n a l i ze the l i s t of c u ltur al prope r t i e s  in New Hamps h i re tha t 

are ne ar the propo sed underta k i ng and l i s ted i n , o r  el ig ibl e 

for l i s t i ng i n , the N a t i on al Reg i s ter of H i s to r i c  Pl ac e s . As a 

re s u l t  o f  tha t mee t i ng , i t  wa s conc l uded that the re are 1 9 9  

prope r t i e s  e l ig i b le for l i s t i ng a nd one property that i s  

a l ready l i sted . Of the se 2 0 0  prope r t i e s , 9 5  are ind iv idual 

prope r t ies loca ted in 1 3  h i s to r ic d i s t r i c t s  a nd 1 0 5  are 

i nd i v idual prope r t i e s  not loca ted in h i sto r i c  d i s tr i c t s . As i n  

Massachuse t t s , a l l  f i eld work nec e s s ary to c omp l e te CPA ' s 

a s se s sment o f  impa c t s  on po te n t i a l l y  el ig ible or l i s ted 

proper t i e s  in New Hamps h i re is now c omp lete . CPA ' s a s se s smen t 

o f  those impa c t s  w i l l  be inc l uded in the Final Re po r t . 

Pre para t i on o f  the Arc h i tect ural/H i s to r i c a l  por t ions of t he 

F i n a l  Re po r t s  to the NHSHPO and MHC cont i n ued dur i ng the second 

quarter of 1 9 8 6 .  The Appl i c ant c ur re n tly expe c t s  that the F i nal 

Re po r t s  will be comple ted in Ju ly and f i l ed w i th the NHSHPO and 

MHC in Aug u st . The se f i n al reports w i l l be add re s sed in t he 

F E I S . The Appl i c a n t  and OPA do not bel ieve any o f  the l i s ted o r  

po tent i a l l y el ig i b le prope r t i e s  eval u a ted in Ma s s ac husetts o r  

Ne w Hamps h i re would be ad versely a f fe c ted b y  the propo sed 

u nd e r t a k i ng . 
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APPEND I X  D .  U . S .  ARMY CORPS OF ENG INEERS REV I EW FOR 
APPL ICAB I L ITY OF SECT ION 404 ( b ) ( 1 )  GU I DELINES 

Add it ional power purchase by New England Power Pool would neces s i tate the 
cons truct ion of new fac i l i t ies to transmit electr i c i ty to load centers in 
cen tral New England . The proposed route would involve construct ion of 
1 85 miles of transmiss ion l ines in New Hampshire and Massachusetts . 

The following is an assessment of an ticipated environmental impacts 
assoc iated w i th fill  act i v i t ies in the proposed project for appl icab i l i ty of 
Sect ion 404 ( b ) ( 1 )  guidel ines . 

D . 1 I MPACTS ON PHYS ICAL/CHEMICAL CHARACTER ISTICS OF THE AQUAT IC  ECOSYSTEM 

The project would : 

( x )  change the physical and chemical charac teristics 
substance .  

( x )  change the substrate elevat ion or contours . 
( x )  cause eros ion , slump ing , or lateral d isplacement 

surround ing substrate . 
( x )  change water fluctuat ions . 

These changes would affect : 

( x )  currents , cir culat ion , or dra inage patterns . 
( x )  suspended par t iculates and turb id ity . 

These changes would , in turn , affect :  

of the 

of the 

( x )  water qual ity ( clar i ty , odor , color , tas te , D . O .  levels , nutr ient 
levels , tox ins , pathogens ,  v i ruses , etc . ) .  

( x )  water temperatures . 
( ) sal in ity grad ients . 
( ) thermal stratificat ion . 

Exact locations for transmiss ion structures have not been determined but ,  
where poss ible , support s tructures will  be placed outs ide of wetlands . 
However , placement of fill for some structures with in wetlands is  
unavoidable . It  is est imated that a total of 88 wetlands would be affected by 
new s tructural placement , e x i s t ing structure removal , and/or forest 
clear ing . This includes 33 wetlands in  New Hampsh ire ( ER ,  Vol . 8-­
Table I I I -6 ) and 55 wetlands in Massachusetts ( ER ,  Vol . 7--Table I I I -6 ) . Fill  
for new s tructures and access roads would cause , at the most ,  long-term loss 
of 1 9  acres of wetlands ; 8 acres in Massachusetts ( ER ,  Vol . 7--Table I I I - 7 )  
and 1 1  acres in  New Hampsh ire ( ER ,  Vol . 8--Table I I I - 7 ) . 

Wetland impacts can be effected by clear ing of vegetat ion , cons truct ion 
and improvement of access roads by fill ing , use of heavy mach inery , and 
installat ion of structures . The potential effects resu l t ing from these 
ac t i v i t ies include disrupt ion of dra inage patterns , erosion and s i l tation , 
hab itat destruction , changes in water temperature , increased pub l ic access , 
wildl ife d isplacement ,  water level mod ificat ion , and add i t ion of chemicals . 
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Swampy wetlands would be impacted more by long-term changes in water qual ity 
and water level , whereas marshy wetlands could be impac ted by short-term 
modif icat ion ( Darnell 1 976 ) . Fluctuat ions in water level might also be 
detr imental to vegetat ion located ad jacent to wetlands ( Boelter and Clare 
1 974 ) . Wh ile emplacement of tower bases would resul t in the loss of some 
wetland hab itat , they might prove to be preferred hab itat for nest ing 
waterfowl and calv ing deer ( Thorsell 1 976 ) . Because the area of wetlands 
impacted by the project would be small relat ive to the to tal wetland area 
occurr ing in the vicinity of the Massachusetts/New Hampsh ire s i tes , the 
overall impacts to wetland habitat would not be of suffic ient magn i tude to 
cause local ized ext inct ion of any spec ies . Add itional ly , the habitat that 
would be affected is not un ique to the area . Impacts to wetland habitat would 
also be min imal because the majority of wetlands would be spanned , and 
construction activi ties ( e . g . , structure placement )  would be minimized w i thin  
these wetland areas . 

Min imal d i s rupt ion and fill ing of wetlands w i l l  take place and best 
management pract ices where fill ing and construct ion does occur will  be 
imposed . As part of the best management pract ices , equ ipment w i l l  be moved 
over wetland areas dur ing the w inter to reduce d isrupt ion to the wetland 
sys tems . 

D . 2  I MPACTS ON SPECI AL AQUATI C  S I TES 

The changes presented in Sect ion D . 1  would occur in : 

( ) sanctuar ies and/or refuges . 
( x )  wetlands . 
( ) mud flats . 
( ) vegetated shal lows . 
( ) coral reefs . 
( ) r i ffle and pool areas . 

The spec ial aquat ic s ite provides benefits including : 

( x )  flood control . 
( x )  water purificat ion . 
( x )  food chain production and nutr ient export . 
( ) s torm , wave , and eros ion buffers . 
( ) aqui fer recharge . 
( x )  hab i tat for fish and other aquatic organ isms . 
( x )  w i l d l i fe hab itat . 

The wetlands in New Hampshire ( ER ,  Vol . 8- -Table I I I - 1 ) and Massachusetts 
( ER ,  Vol . 7--Table I I I - 1 ) were del imited us ing Corps of Engineers ' c r i ter ia 
and class i fied us ing the U . S .  F ish and Wildl ife Service clas s i ficat ion 
des ignat ion . To further ass ist in del ineation , the U . S .  F i sh and Wild l i fe 
Service wetland inventory maps were screened . I n  add i t ion , these wetland 
areas and the surface waters w i thin  the r ight-of-way were field checked . 

I n  all cases the wetlands crossed are palustrine wetlands . The amount of 
wetland acreage w i thin the r ight-of-way ranges from 0 .  1 acre of hardwood 
forest in Medway , Massachusetts , to 1 3 . 5  acres of palus tr ine scrub­
shrub/emergent wetlands in Milford , Massachusetts . 
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The wetlands in the v i c in ity of the proposed route are dominated by 
d iverse types of vegetat ion such as emergen t vegetat ion , scrub/ shrub 
vegetat ion , and fores ted vegetat ion . 

We tlands dominated by emergent vegetat ion ( e . g . , wet meadow and ponds ) 
are bas ically wet grasslands con tain ing plan t species adapted to submerged 
soils ( Darnell 1 97 6 ) . These hab i tats usually con ta in zoned gradat ions of 
plan t species as follows ( from shallow to deeper water ) :  { 1 )  emergent plants 
( e . g . , reeds , cattails , bul rushes , sawgrasses , sedges , and arrowheads ) ,  
( 2 )  floating leafy plants ( e . g . , water l i l ies , pond l i l ies , smar tweeds , 
spatterdocks , and some pondweeds ) ,  and ( 3 )  submerged plants ( e . g . , waterweeds , 
some pondweeds , muskgrasses , milfo i l s , coonta ils , bladderworts , hornworts , and 
buttercups ) ( Darnell 1 976 ) .  Based on acreage of wet land types along the 
proposed route , about 32% of the wetlands conta in predominan tly emergent 
vegetat ion ( ER ,  Vol . 7--Table I I I -2 ,  Vol . 8--Table I I I -2 ) . 

Scrub/shrub wet lands or swamps are areas dominated by woody vegetat ion 
less than 6 m ( 20 ft ) tall , inc lud ing true shrubs , young trees , and trees and 
shrubs that are small or stunted due to env i ronmental cond it ions ( Coward in 
et al . 1 979 ) . Dominant woody spec ies include alder , wi llow ,  blueberry , sumac , 
winterberry , steeplebrush , sweet pepperbush , buttonbrush , red os ier dogwood , 
spirea , labrador tea , bog rosemary , bog laurel , leather leaf , and young trees 
of spec ies such as red maple and black spruce . Sens i t i ve fern and sedges are 
predominant herbaceous spec ies ( Coward in et al . 1 979 ; ER , Vols . 7 and 8 ) . 
About 1 2% by area of the we tlands along the proposed route con tains a 
predominant scrub/shrub vegetat ion commun ity . About 5 1 % of the wetlands 
contains a comb inat ion of emergent and scrub/shrub wetlands ( ER ,  Vol . 7-­
Table I I I -2 ,  Vol . 8--Table I I I -2 ) . 

The forested we tlands or swamps are dominated by l i v ing or dead trees 
that are at least 6 m ( 20 ft ) tall . In  the study area , forested we tland s are 
typ ically dominated by red maple , with black ash and grey b i rch also 
presen t . Con i ferous spec ies , wh ich are less common , include larch , black 
spruce , Atlantic wh ite cedar , and white pine ( ER ,  Vols . 7 and 8 ) . Shrub and 
herbaceous layers are dominated by the species common in the scrub/shrub 
wetlands . The presence of forested wetlands dominated by dead trees resul ts 
from construct ion of man-made impoundments and beaver ponds , fire pollut ion , 
or insect infestat ion ( e . g . , spruce budworm outbreaks ) ( Coward in et al . 
1 979 ) . Only about 5% of the wetlands along the proposed route con tains a 
forested component ( ER ,  Vol . 7--Table I I I -2 ,  Vol . 8--Table I I I -2 ) . 

D . 3  I MPACTS ON BIOLOG IC AL CHARACTER I ST I CS OF THE AQUAT I C  ECOSYSTEM 

The changes in Sect ions D . 1 and D . 2  would adversely impact : 

( ) endangered or threatened spec ies , or crit ical hab itat for such . 
( x )  fish , mollusks , or other aquatic organ isms through : 

( ) removal . 
( ) temporary d isplacement .  
( x )  permanent d isplacemen t or lowered numbers through changes in 

overall suitab i l i ty of hab itat in terms of subs trate , 
temperature , water qual ity , etc . 

( ) interfer ing with spawn ing migra t ions . 
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( x )  other wildl ife in terms of : 
( x )  breed ing and nesting hab i tat . 
( x )  escape cover . 
( ) travel corr idors . 
( x )  food suppl ies . 
( ) compet i t ion from nuisance spec ies . 
( ) reduced plant spec ies d i vers ity and in terspers ion of hab i tat 

types . 

The emergent and pond wetlands con ta in a d iverse and product ive fauna , 
including var ious species of aquatic  and terrestr ial inver tebrates , fi shes , 
amphibians , and reptiles . The wetlands provide impor tant nest ing , brood ing , 
feed ing , migratory stopover , and overwintering hab i tat for waterfowl and 
shorebirds ( Darnell 1 976 ) .  They also provide hab itat for such mammals as 
muskrat ,  short-tailed shrew , star nosed mole , eastern cottonta il  rabb i t ,  
beaver ,  meadow vole , and red fox ( God in 1 977 ) . 

An imal l i fe in scrub/shrub and forested wetlands is s imilar to that for 
marshy wetlands , but includes a more d i verse b ird and mammal spec ies 
assemblage because of the increased hab i tat and food resources provided by 
understory and canopy vegetation . Waterfowl and shorebirds found in the 
marshy wet lands also frequent swampy wetlands ; also present are such spec ies 
as arboreal songb irds , b i rds of prey , and woodpeckers . Large mammals , such as 
wh ite-ta iled deer , occur in swampy wetland s ,  as do many smal ler mammals such 
as mice , voles , squirrels ,  shrews , weasels ,  otters , lemmings , and bats 
( God in 1 977 ) . 

D . 4  IMPACTS ON HUMAN USES 

The impacts in Sect ions D . 1 ,  D . 2 ,  and D . 3  would adversely affect human 
uses of the resources , through degradat ion of : 

( ) ex isting or potent ial water suppl ies . 
( ) recreat ional or commerc ial fisher ies . 
( ) other water-related recreational use . 
( x )  aesthet ics of the aquatic ecosys tem . 
( ) parks , nat ional and historic monuments , nat ional seashores , 

w i lderness areas , research s i tes , and s imilar preserves . 

Transmiss ion structures and access roads may change the aesthetics of the 
wetlands that are altered by filling and temporary d isruption of nat i ve 
vegetation . Disturbed areas may be revegetated to lessen aesthetic  concerns . 

D . 5  OTHER CONCERNS 

The proposal w i l l  impact :  

( energy consumption or generat ion . 
( navigation . 
( air  qual ity . 
( ) h i stor ic resources . 
( x )  noise . 
( ) land use classificat ion . 
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Dur ing cons truct ion act i v i t ies , noise from equipment may d isplace 
an imals . Following the complet ion of work , however , habitat use should return 
to norma l . 

D . 6  EVALUAT I ON AND TEST I NG OF F I LL MATERI AL 

( x )  The project w i l l  use fill  from a clean upland source . Therefore , 
no fur ther evaluation under this sect ion is  necessary . 

( ) The app l i cant proposes to d ischarge dredged material or use fill  
from other than a clean upland source . The fol lowing is  an 
evaluat ion of the need for testing , testing performed , and 
evaluat ion of resul ts . 
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L .  Sicuranza , Charles T .  Main , Inc . , Apr i l  1 2 ,  1 986 . . . . . . . . . . . . . .  E-6 
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to B .  Spooner ,  New England Power Company , October 30 , 1 985 . . . . . . .  E- 1 1  
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Natural Heritage 

Program 

Leo T.  S i curanza 
Char les T. Ma i n ,  Inc . 
P l ann i ng and Sc i ent i f i c  Serv i ces 
Pruden t i a l  Center 
Boston , MA 02 1 99 

Re : N . E .  Power Co . transmi s s i on l i nes 

Dear Mr . S i curanza ; 
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May 2 1 , 1 984 

R E C E I V f D  
MAIN 

MAY 238M. 
.... . 

Thank you for consu l t i n g  the Massachusetts Natural Her i tage Program about 
the New Eng l and Power Company ' s  proposed transm i s s i on l i ne through n i neteen 
Mas sachusetts towns i n  M i dd l esex , Essex , and Worcester Count i es .  Our staff 
has rev i ewed the routes marked on the U . S . G . S .  quadran g l e  map cop i es ,  wh i ch 
you prov i ded ,  for occurrences of rare p l ant and an i ma l  s pec i es popu l at i ons  or 
s i gn i f i cant natural  commun i t i es wh i c h  shou l d  be cons i dered i n  p l ann i ng work i n  
these areas . 

As we d i scus sed , the MNHP i s  presen t l y  aware of occurrences for three rare 
an i ma l  spec i es and one rare p l ant  s pec i es a l ong the routes . These are marked 
on the enc l osed map s ,  w i th deta i l s  g i ven abou t the s pec i es in the fol l ow i n g  
tab l e .  Spec i f i c  l ocat i ons o f  current rare s pec i es popu l at i ons  shou l d  not be 
pub l i c i zed to prevent i n advertent damage to the i r  hab i tats through visltTngl 
or collec t i n g .  Occurrences s i nce 1 978 are cons i dered curren t .  

Quadrang l e  

Ayer,  MA 

Nashua South , N . H .  
( Tyngsboro ) 

Hol l i s ton , MA 

Spec i es ,  date 

C l i mb i n g  Fern , 1 980 
and No date 
( Lygod i um pa l matum) 

Southern Bog Lemm i n g ,  
1 976 
( Synaptomys cooperi )  

B l ue-Spotted S a l aman ­
der , 1 978 
( Ambys toma l atera l e )  

hab i tat rar i ty, comments 

Semi -open edges Threatened in Mass . 
of woods and 
streams 

Sphagnum bogs , Endangered i n  Mass . 
sedge meadows , 
l es s  common l y  i n  
orchards , open 
gras s l ands 

Wooded swampy Threatened i n  Mass . 
area s ,  mo i st Two s i tes i n  th i s  
woods . Breeds area . 
i n  ephemeral 
ponds in  spr i ng 



Qu adrangl e  

Hol l i s ton , MA 
( cont i nued )  
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Spec i es ,  date 

Spotted Sal amander , 
1979 
(Ambystoma macu l atum) 

hab ttat 

Moi st wood l ands . 
Breeds i n  
ephemeral ponds 
i n  s pr i n g .  

rar i ty, comments 

Uncommon but apparent­
l y  secure in  Mas s . 

As soon as you become aware of New Eng l and Power Co . ' s proposed act i ons i n  
the v i c i n i t i es of these s i tes , we wou l d  ask that you contact us  aga i n  for 
management and protect i on recommendat i on s , or i nformat i on on the col l ec t i on of 
f i e l d  data for these spec i es . 

I hope th i s  i nformat i on i s  usefu l i n  your p l ann i n g ,  and that you wi l l  
contact us  w i th any ques t i on s .  P l ease note that our i nventory expands through 
ongo i ng f i e l d  work and research , so further data on these areas may become 
ava i l ab l e  i n  the future . 

ASF /mf 
Enc . 

Yours s incere l y ,  

� A�. c.?G__ -
A l i son Sanders- F l em i n g  � 
E n v i ronmental Rev i ewer 
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Charles T. Ma in , In c .  
Plann ing & Scient i fi c  Servi ces 
Prudential Cen ter 
Bos ton , HA 02 199 

Dear H r .  S i curanz a ;  
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29 November 1984 

Re : New England Power Company 
t ransmi ss �on l ines 

Thank you for consult ing t he Massachuse t t s  Na tural Herit age Program for 
nn update on known rare sp ecies s i tes near the New England Powe r Company ' s  proposed 
overhead t ransmiss ion line t h rough parts of Midd lese x ,  Esse x ,  and Worcester 
r�unt ies . As we d is cus sed at o ur re cen t meet in g ,  I had t h e  rest o f  our s t a f f  
reuew the rout es marked o n  t h e  USGS 7� ' q uad rangle ma p  copies you p rovided . 
As ide f rom the four rare species o ccurrences described in t he May 2 1 ,  19 84 
le t t e r  to you , we are unaware o f  any addit ional rare plan t  or animal populat ions 
or sign i f i cant natural commun ities wh ich would be adversely a f fe cted by the 
proposed t ransmission l in e .  

We would l ike t o  o f fe r  updated in format ion on t h e  four occurrences 
ment ioned above . Thei r  locat ions were indicated in t he Hay ' 84 correspondence . 
As you know ,  spe c i f i c  locat ions o f  ra re species s i tes should not be pub l icized 
to prevent damage t o  the i r  hab itats t h rough vis i t ing or colle c t in g .  

Cl imb ing Fe rn ,  1984 , ( Lygodium palmat um) ; Ayer MA q uadrangle . 

Wh ile a locat ion for this State Threatened p l ant species was con f i rmed in 
the 1 9 84 fields season j ust south of t he r ight -o f-way , a f ie l d  survey of the ROW 
i t se l f  d i d  not reveal any C l imb ing Fe rn populat ions . 

Southern Bog Lemming ,  1976 , (Synapt omys coope r ! ) ; Nashua South NH/HA quadrangle . 

The Bog Lemming re ported f rom this we t l and in 1 9 76 represent s  the most 
re cent known oc currence o f  this species in Mas sachuse t t s , a l though i t  i s  b e l ieved 
that populat ions o f  t h is rare mammal do exist in suitable hab i t a t s  in the state . 
The Bog Lemming has rece n t l y  been re c l ass i fied as a Species of Special Con cern on the 
Ma s s . Division o f  Fi sheries Y Wild l i fe rare animals list revision presently 
pending f inal approva l . No f ie ldwork has been conducted at t h is s i te s in ce 1 9 7 6 ,  
and i t  can b e  assumed t h at t he s pe c ies s t i l l  inhabits the we t l and provided that the 
hab itat has not been sign i f i can t ly degraded . Should powerl ine ins ta l l a t ion here 
requl re dist urbance t o  the wet l and t hrough p i l ing re locat ion or other const ruct ion 
ac t ivi t ies , the HNHP should be c ontacted to d i scuss possible f ie l dwork , and 
po ten t ial impa c t s  and mi t i gat ion measures . 

B l ue - s p o t t e d  Salamande r ,  19 78 (Ambys t oma late rale ) ,  and Spo tted Sa lamander , 19 79 , (� . 
ma c u l atum} ; Holl iston MA quad rangle . 

Th e Bl ue-s potted S a lamander has been p roposed for l ist ing as a Spec ies o f  
Spec ial Concern i n  Mas sa chuset t s . As not ed i n  our Hay ' 84 correspondence , the 

Di v1sion of Fish eries and Wildlife 1 00 Cam b ridge S t reet, Boston, M a s s .  OZZOZ (6 1 7) 727-31 60,-3 1 5 1  



E-5 

2 

Spot t ed Salamander is cons i de red to be apparent ly sec ure in the s t at e . Due t o  
t he re cen t abundance o f  dat a  o n  t h is spe c ie s  from annual mo le salamander surveys , 
th i s  spe c ies has been d ropped from the HNHP rare animals l i s t . I t s  presence , however , 
especial ly together with t he Bl ue-spo t t e d  Salamander here , is ind ica t ive o f  good 
q ua l i t y  amphib i an hab itat . Th i s  we t l and area is north of the ROW itsel f ,  but 
c a re should be t aken to prevent de grad at ion to t he area through runo f f  or other 
con s t ruct ion imp a c t s  t o  t he we t l and system. 

1 hope t h is in format ion is 
contact us wi th any q uest ions . 
ongo ing f ieldwork and research , 
ava i lab l e  in t he fut ure . 

AS F/ lr 

useful in your p l ann ing , an d t hat you wi l l  
P l ease note that our inventory expands through 
so that further data on t he area may become 

Yours s incerely , 

� �- �� 
Al i son Sanders-Fleming :J 
Envi ronmen tal Reviewer 
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Dear Mr . Si curanza , 
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Ap r i l  12 , 1985 

Re : New England Power COmpany 
Tran5mission Line in Dunstable 

As a fo llow up to the mee ting with you and Robert Olsen in our o ffice on 
March 2 0 ,  198 5 , I would like to restate the Natural Her i t a�e Program ' s  views 
re�ardin� the impac ts of the proposed transmiss ion l ine in Dun s t able on rare 
and endangered spe cies . As previcus correspondence from our o ff ice has indicated 
(9/29 /84 to you , 2/ 12 /85 to MEPA) , the Southern Bog Lemming (Synaptomys cooper! ) 

was recorded in 1 9 76 as o ccurring in a wet land along the transmi ss ion l ine in 
Dunstab l e .  As you descr ibed the de� ails and t iming of the con s t ruct ion of the 
transmission line at this s ite (no foo t ings. will be placed in the we tland , e tc . ) ,  
there appears that the proposed proj ect wil l  have no deleterious impa cts t o  the 
Bo� Lemming or i t s  hab i tat . Please contact the Herit age Program should you 
have furthur quest ions about this or othe r potential rare species impac t s . 

Since rely , 

.. !!!£. �::; 
Coor d inator 

HW : y t  

Di vision o f  Fisheries and W ildlife 1 00 Cam bridge S treet, Boston, M a ss. 02202 (6 1 7) 727-3 160,-3 1 5 1  
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United States Department of the Interior 
FISH AN D WILDLIFE SERVICE 

ECOLOGICAL SERVICES 

P.O. BOX 1 5 1 8  
CONCORD, NEW HAMPSHIRE 0330 1 

Mr • Antho n y  J .  Como 

Co al and El ectr i c i ty Div i s io n  

Office o f  Fue l s  Pro g r am 

Econom ic Regul ato r y  Adm i n i stration 

De par tment of Ener g y  

Washi ngto n , D . C .  20585 

De ar Mr • Como : 

FIS t a 1986 

Th i s  r e � pond � to your Januar y 23 ,  1986  r eque st for i n fo r m ation o n  the pr e s e n c e  
o f  F e d e r a l l y  l i s t ed a n d  p r o po s ed e n d a n g e r ed o r  t hr e a t e n ed s p e c i e s  i n  

co n j un c t i o n  with t h e  De par tment o f  Ener g y ' s  En v ir o n m en t a l  Im pact State m en t  for 

t h e  N e w E n g l a n d / H y d r o -Qu e b e c  P h a s e  I I  p r o j e c t  i n  N e w  H a m p s h i r e  a n d  
Mass achusett s .  

Our r e v i e w  s h o w s  t h a t  e x c e pt for o c c a s i o n a l  tr a n s i e n t  i n d i v i d u a l s ,  n o  
Fed er a l l y  l i sted o r  pro po s ed species u n d e r  our j ur i sd iction are kno wn to ex i s t 

i n  t h e  pr o j e c t  a r e a .  Th e r e fo r e ,  n o  B i o l o g i c a l  A s s e s s m e n t  o r  fur t h e r  
c o n s u l t a t i o n  i s  r e q u i r ed w i t h u s  u n d e r  S e c t i o n  7 o f  t h e  E n d a n g e r ed S p e c i e l!  

Act. Sho uld pr o j ec t  plan � chang e ,  o r  i f  add i t i o n al i n fo r m at io n  o n  l i l!ted or 
pro po sed s pecies b ecomes av a i l ab l e ,  this d e t er m i nat ion may b e  r econs ider ed .  

Th i s  r e s po n s e r e l a t e s  o n l y  t o  e n d a n g er ed l! pe c i e s  u n d e r  o ur j ur i l! d i c t i o n .  I t  

d o e s  not add r e s s  o ther l e g i s l at io n  o r  o ur concerns und er the Fi sh and W i ld l i fe 

Co o r d i n a t i o n  A c t .  U i t h r e s p e c t  t o  o ur c o m m en t s  o n  t h e  E I S ,  w e  h a v e a l r e ad y  
par t i c i pated i n  the see ping proces s ,  and w i l l  b e  r ev i e w i ng the d r a ft and final 

EIS when tho se documen t s  ar e pub l i l!hed . 

L i s t s  o f  Fed er a l l y  d e s i g n a t e d  e n d a n g er e d  a n d  t h r e a t e n e d  s p e c i e s  i n  N e w 

Ham pshire and M a s s achusetts ar e enclo sed for your i n fo r m at i o n .  Thank you for 

yo ur coo per ation and pl ease co ntact us i f  we can be o f  fur ther a s s i s t an c e .  

E n c l o s ur e  

Sinc e r e l y  yo ur s ,  

Go r d o n  E .  Beckett 
Super v i so r  

New En g l and Ar e a  
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AlLEI\' f CRABTREE , IU 
EXECUTIVE DIRECTOR 
Anthony J. Como 
Depart�nt of Energy 
CoAl & Electric ity Division 
Office of Fuel Programs 
Ec onomic Rcaulatory Admini•trat ion 
Wa shington , D . c . 20585 
Dear Mr . Como : 
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FISH AND GAME DEPARTMENT 

�-=�- February � iiflllWIIY A�. 
v· QOCKETIP �) 
I, fEB 2 4 1986 } 
��,,�r .. 

14 , 

34 Br1dlilr Stu!�! 
Concord. lli H 0:3301 

(6031 271 ·342 1 
1986 

I •• res�odinc to your le tteT of 23 January nquest.tcg co'IIIIIICnt. s  on poten t ial 
impac t s  of lh� New Engl•nd/Hydro-Quebec Phase I I  on endAngered •pcc 1es and o ther 
wi l d l i fe in New H8mpsh ire . 

111c only curr e nt ly lis ted o��p c c ies 'Which is l ikely to nest with i n the trons­
m h sioo corri d or is the Whip-poor-wi ll �a_pr imul,&,\1� voc i!crus) . B i r d s  n e s t ing 
Vit.llin the Corr idor could be adve.r sel.)' a fec t ed by .. construct ion ac. t ivit 1e s  and by 
corona effects .  

Listed species �o.·h ich cou l d nest in woo d l a nd s  illl!De d i.a t e l y  adj 11cent t o  the 
corridor include the Coo p e r  1 1!1  Hawk (Acdpter coo,E_cr i i) and Red-Shou l dered Ha ... ·k 
(Buteo !!!!!..stus) . 

l'be Pcregr in� and Ba ld tagl e ,  both sta. t e and federally l i s t ed endangered 
spe c ie • ,  have atc!l s of act ivity near the ccrrido r . A peregr ine relea se eitc wh ich 
is part o! lhe northeastern peregrine res t o rat ion e ffort is loca t e d  within 1 . 7 
mi l e s  of the cor ridor in Bent on , and wil l p robably be opc nt iona l  f o r  the nex t 2-5 
y�sr s .  The corridor is within hunting range o £  severa l  o the r h1slor1cal and 
pot ent i a l  per eg�inc nest ing s i t es . The area o f  Bald Eagle a c t ivity i s  along the 
Connec t icut River !rom MQnroe to Dmlton .  Coll i s ion with towers or l ines would be 
the �st l ikely &ource o f  imp a c t  !or the se species.  

As I believe you a r e  aware , the state 1 ist o f  t'hrca tene.d and end angered 
•pc cics is curren t l y  under review, and a revi$Cd list �ill  b e  pub l ish�d l a t e r  
Lh i s  epring . 

Other than t he spcc: i f i c  cases d i scusse :i •bove , our Jno.in concerns with the 
propo sed project  roc�s on po lentiol effec t •  oo wi ldl ife of ele c t r ic f 1 eldH and 
corona d iscl1a rge , Which are poorly unde r•tood al this t ime , and any constru c t ion 
imp a c t 8  on we t l and � .  I wou l d  l ike to revic� tbe !ollo�1 ng  pub l ic a t ions wh ich arc 
l isted in the implc�n t a t ion plan a c c o!np any ing your le t t e r : 

".l! iological Effec ts on Hi gh Vo l t age AC Transmission Lines " , " Biological 
E!fect• c f  H igh Vo l t age Dire c t  Current Lines" . and 11l'be Ir�pact of a Propo sed 500 
lCV Transmi ssion Line on �'at erfowl and Other Birda" , and wou ld apprec i a t e  in f ormat ion 
on ho� to ob l a in  tham . 

Thaok you for t he oppor tunity to comment . SincH� A N� 

Ha rol d P .  Nevers 
Federal Aid & Endangered 

Spec ie s  Coord ina t o r  
NH Fi&h & Ca� Depa r t ment 
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The Commonwealth of Massachusetts 
Office of the Secretary of State 

Massachusetts Historic:�.l Commission 
Valerie A. Talmage 
E.t�c:utiv� Dir�c:tor 
Stat� Historic: Pr�servatinn Officer 

Septenber 9 � 1985 

Bradley Spooner 

Michael Joseph Connolly, Secretary 

Air & Environmental Resource Programs 
New England Power Canpany 
25 Research Drive 
Westborough , MA 01581 

ATIN: Gordon Marquis 

RE: Research Design for Cultural Resources Survey , Hydro-Quebec Project (Phase I I )  

Dear Mr .  Spooner : 

Thank you for suhnitt ing a copy of the proposed research design for 
the cultural resources survey of the Hydro-Quebec Phase II project . 
Tne purpose of this letter is to confirm the Massachusetts Historical 
Commission ' s  comments on the research design , as stated in a telephone 
conversat ion between Brona Siioon (MHC) and Gordon Marquis (New England 
Power) on July 23 � 1985 . 

The MHC revi�� the research design and believes that it shall provide 
New England Power with the basic level of documentat ion required for 
the identif ication and evaluat ion of cultural resources which might be 
affected by the proposed power line project in canpliance with 36 CFR 800 , 
Advisory Council on Historic Preservat ion Procedures for the Protect ion 
of Historic ·and Cultural Propert ies. However , MHC recan:nends that the 
archaeological field testing program be specfically keyed into project 
design plans. The focus of the survey is to test areas where there will 
be proj ect jmpacts ,  as specified in the project design . 

MHC also recommends that the results of the intensive (ident ificat ion ) 
survey and the consultant ' s  recommendat ions for additional invest igat ion , 
be reviewed by this office. 

MHC v.ould like to ranind you that a pennit fran the State Archaeologist 
must be secured before archaeological field v.ork can proceed (950 Qffi 70 ) .  

80 Boylston Street, Boston, Massachusetts 02 1 1 6 (6 1 7) 727-8470 
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If you have any questions concerning these caiJnents, please contact 
Brona Sim::>n ,  State Archaeologist at this office • 

. Sincerely, ·\6Jull- l� 
Valerie A. Talmage 
Executive Director 
State Historic Preservation Officer 
Massachusetts Historical Ccmnission 

cc :  Ricardo Elia, Boston University, Office of Public Archaeology 

VAT/dr 
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-

STATE OF NEW HAMPSHIRE 

DEPARTMENT of RESOURCES and ECONOMIC DEVELOPMENT 
OFFICE of the COMMISSIONER 

-= 

JOHN T: FLANDERS 
Commtssioner 

105 Loudon Road 

Box 856 
Concord, N.H. 
03301 

Bradley H .  Spooner , Manager 
Air and Envi ronmental Re source 
New England Power Company 
25 Research Drive 
Wes tborough , Massachuset ts 

Dear Mr . Spoone r :  

Programs 

01581 

60J-27l-24 l l  

Date : October 30 , 1985 
Re :  Research Design for the Cultural Resources 

Assessment Survey of the Hydro-Quebec 
Hydro Pro j ect (Phase II) in NH and MA 

I am wri ting to confirm that the NH. S tate His.toric Preservation Office receive d ,  
reviewed , and approved the "Research Design for the Cultural Re sources Assessment 
Survey of the Hydro-Quebec Proj ect (Phase Ill in New Hamp shire and Mas sachuse.t t s , "  
p repared b y  the Office o f  Public Archaeo logy at Bos ton University . We concur that 
this is consi stent with the cultural resources plan discussed with staff of your 
o ffice on March 2 7 , 1985 , in Concord . 

The one reservat ion expressed oy the Historic Preservat ion Office was the coordina­
t ion and scheduling of the his torical overview to be prepared by the archaeo logical 
team (pg .  5)  wi th the identi fication phase of  the architectural component (pg .  9 } . 
Ideally , an overview should preceed the initial phase o f  the architectural survey . 
After discussions with Lynne Monroe , subconsultant , the s taff concern was alleviated , 
as phased his tori cal research to be conducted by Ms . Monroe will be adequate for the 
archi tectural surve y .  

The Historic Pre servat ion Office h a s  requested the use o f  New Hamp shire ' s  "Hinimum 
Docul!lentation Survey ForB" and "S tate Historical Resources Survey Form" for the identifi­
cation and evaluative phase , respectively of the architec tural component . Lynne Monroe 
has agreed to this request with minor changes approved by thi s  office . 

z;Q:: . :::-
Recreation Services 
Deputy S tate Hi s toric Preservat ion Officer 

JFQ : GWH : g  
cc : Lynne Monroe , Consultant 

Ri cardo Elia 
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Environmental Law Council  of NH 
2 Wh ite St . 
Concord , NH 0330 1 

Environmen tal Qual i ty Div . MDC 
20 Somerset St . 
Boston , MA 0 1 824 

Essex Conservation District 
82 Eastern Avenue 
Essex , MA 0 1 929 

Garden Club Federat ion of Mass . ,  
Inc . 

300 Massachusetts Avenue 
Boston , MA 0 1 450 

New Hampshire Wild l i fe Federation , 
Inc . 

East Barr ington , NH 03825 

The Environmental Coa l i t ion 
Box 757 
Concord , NH 0330 1 

Douglas Zook 
Learn ing Center for the Envi ronment 
57 Arborough Road 
Boston , MA 02 1 30 

Stephan K .  Rice 
Appalachian Mountain Club 
P inkham Notch Camp 
Gorham , NH 0358 1 

Beaver Brook Val ley Preserve 
The Nature Conservancy 
69 Depot Road 
Foxborough , MA 0 1 7 1 9  

Frances Brockely 
Soc iety for the Protection of 

NH Forests 
54 Portsmouth Street 
Concord , NH 0330 1 

NH Associat ion of Conservation 
Commiss ions 

54 Portsmouth Street 
Concord , NH 0330 1 
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New Hampsh ire Resource Recovery 
Assoc . 

P . O .  Box 72 1 
Concord , NH 0330 1 

Inst . of Natural and Environmental 
Resources 

Un ivers i ty of New Hampsh ire 
Durham , NH 03824 

D inah Bear 
Acting Gen . Counsel 
Council  on Environmental Qual i ty 
722 Jackson Place , NW 
Wash ing ton , DC 20006 

Gordon E .  Beckett 
Supervisor , NE Area 
U . S .  Dept . of  Inter ior 
P . 0 . BoX 1 5 1 8 
Concord , NH 0330 1 

Bruce Blanchard 
D ir . , Environmental Proj ect Rev iew 
Department of Inter ior ( Room 425 8 )  
1 8th & C S ts . , NW 
Wash ington , DC 20240 

Kenneth M .  Jackson 
Regulatory Branch 
U . S .  Army , Corps of Eng ineers 
424 Trapelo Rd . 
Wal tham , MA 02254-9 1 49 

Richard Brown 
Department of HUD ( Room 5 1 36 )  
45 1 7th St . ,  SW 
Washing ton , DC 204 1 0  

Richard Brozen 
Budget Examiner 
Office of Managemen t & Budget 

( NEOB 118222 ) 
726 Jackson Place , NW 
Wash ington , DC 20503 

John Carley 
General Counsel 
Federal Trade Commiss ion ( Room 568 ) 
6 th St . & Penn . Ave . , NW 
Wash ington , DC 20580 



Robert  Copeland 
U . S .  Depar tment of Labor 

( Room S-2 1 2 1 ) 
200 Constitution Ave . , NW 
Washington , DC 202 1 0  

Charles Cus tard 
D ir . , Environmental Affairs 
Dept . of  Health & Human Services 

( Room 537F ) 
200 Independence Ave . , SW 
Washington , DC 2020 1 

Anne Cyr 
NEPA L iaison 
Occupat ional Safety & Health Admin . 

( Room 3657 ) 
200 Constitut ion Ave . , NW 
Washington , DC 202 1 0  

Duane Day 
U . S .  Dept . of Energy 
1 50 Causeway St . 
Boston , MA 02 1 1 4 

Will iam D ircks 
Exec . Dir . of Operations 
Nuclear Regulatory Commission 
Washington , DC 20555 

Quen t in Edson 
D ir . , Environmental Analysis  
Federal Energy Regulatory Commiss ion 
825 Nor th Capitol St . 
Washington , DC 20460 

Dr . Donald K .  Emig 
D i rector , Env ironmental Pol icy 
DASD ( MRA&L ) I 
The Pentagon 
Washington , DC 203 1 0  

Don L .  K i lma 
Ch ief , Eastern D i v . of Project 

Review 
Adv isory Coun c i l  on Hist . 

Preservation 
1 1 00 Pennsylvan ia Ave . , N . W .  
Washington , DC 20004 
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I rene Fr iedr ichs 
Environmental and Heal th Affairs 
Department of State ( Room 7820 ) 
220 1 C S t . , NW 
Wash ington , DC 20520 

Or in Hanson 
Dep . D ir . , Agr ic . Stab . & 

Conservation 
Department of Agr iculture 
1 4 th & I ndependence Ave . , SW , #360 
Washington , DC 200 1 3  

Betsy H iggins 
Env . Rev iew Coord inator 
U . S .  EPA 
2203 JFK Bu ild ing 
Boston , MA 02203 

Al lan Hirsch 
D ir . , Office of Federal Act i v i ties 
U . S .  Environmental Protect ion Agency 
40 1 M St . , SW 
Wash ington , DC 20460 

Joseph I gnaz io 
Chief , Plann ing Divis ion 
U . S .  Army , Corps of Eng inee rs 
424 Trapelo Rd . 
Waltham , MA 02254-9 1 49 

James Jordon 
Forest Supervisor 
Nat ional Forest Serv ice 
Box 638 , Federal Bldg . 7 1 9  Ma in St . 
Lacon ia , NH 03246 

Raphael Kaspar 
Nat ional Academy of Sc ience 

( Room JH804 ) 
2 1 0 1  Const i tu t ion Ave . , NW 
Washington , DC 204 1 8  

Dav id Ketcham 
Forest Service 
Department of Agr iculture 

( Room 3208 ) 
1 4  & I ndep . Ave . , South Bu ild ing 
Washington , DC 200 1 3  



Michael Kitsok 
Reg ional Representative 
Department of Transportat ion 

( Room 1 000 ) 
434 Walnut St . 
Philadelphia , PA 1 9 1 06 

Howard N .  Larsen 
Di r . , Boston Reg ional Office 
U . S .  F i sh & Wildl ife Service 
One Gateway Court , Su ite 700 
Newton Corner , MA 02 1 58 

Leon Larson 
Director of Envi ronmental Pol i cy 
Federal Highway Administration 
400 7th S t . , SW , HEV- 1 
Wash ington , DC 20590 

Corporal John Lawton 
Deputy Assistan t D i rector , OJARS 
Depar tment of Jus tice ( Room 1 1 09 ) 
633 I nd iana Ave . , NW 
Washington , DC 2053 1 

Margaret Love 
Office of Legal Council 
Department of Just ice ( Room 5238 ) 
1 0th S t . & Const i tut ion Ave . , NW 
Washington , DC 20530 

Lt . Col . Thomas Magness , I I I  
U . S .  Army Corps of Eng ineers , HGDA 
20 Mass .  Ave . , NW 
Washington , DC 203 1 4  

John Matheson 
Environmental Impact Staff 
Food & Drug Administration 
5600 F ishers Lane , HFV-3 1 0  
Rockville , MD 20857 

Joseph Napol i tano 
Appalachian Reg ional Commiss ion 
1 666  Connecticut Ave . , NW 
Washington , DC 20235 

Thomas Novak 
Ass i s tan t Director , L icens ing 
Office of Nuclear Reactor Reg . 
Nuclear Regulatory Commiss ion 
Washington , DC 20555 
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Paul Regan 
D irector , Regs . Office 
Food , Safety & I ns . 
Department of Agr i cul ture-So . Bldg . 

( Room 2940 ) 
Washington , DC 20250 

Terry Savage 
Office of the Reg ional Director 
Nat ional Park Servi ce 
1 5  State Street 
Boston , MA 02 1 09 

John Scheibel , Esq . 
Ass i s tan t Gen . Counsel 
Federal Emergency Management Agency 
500 C St . ,  SW , #840 
Washington , DC 20472 

Matthew Scicozza 
Asst . Sec . for Pol i cy & 

I nternational 
Department of Transportat ion , P-30 
400 7th St . ,  SW 
Washington , DC 20590 

Patr i cia Silvey 
Act ing Director 
Mine Safety & Health Admin istration 
40 1 5  Wilson Boulevard , #625 
Arl ington , VA 22203 

John E .  Esler 
D i r . , Envir . & Energy Office 
Federal Aviation Administrat ion , 

AEE - 1  
BOO I ndependence Ave . , SW , Rm 432C 
Washington , DC 2059 1 

Joyce Wood 
D ir . , Office of Ecology & 
Conservation 
NOAA , U . S .  Department of Commerce 
1 4th & Cons ti tut ion Ave . , NW 
Washington , DC 20230 

Joseph Zoller 
Asst . Administrator , REA 
Department of Agr i culture 
1 4th & I ndependence Ave . , SW , #4056 
Washington , DC 20250 



Dav id L .  Mussulman 
State Conservationist 
U . S .  Department of Agr icul ture 
Federal Building 
Durham , NH 03824 

U . S .  F ish and Wi ldl ife Serv ice 
Ecolog ical Services 
55 Pleasant Street 
Concord , NH 0330 1 

Carl Prescott 
Deputy D i rector , Field Operat ions 
D i v . of F ish and Wild l i fe 
U . S .  Dept . of the I nterior 
Route 1 35 
Westboro , MA 0 1 58 1  

Ms . Maryl in W .  Klein 
Federal Rad ilroad Administration 
Department of Transportation 

( Room 5 1 00 )  
400 7th Street , SW 
Washington , DC 20590 

Ms . Ada i r  F .  Montgomery 
National Sc ience Foundation 

( Room 64 1 )  
Astron . ,  Atmos . ,  Earth and Ocean 

Sc i ences 
1 800 G Street , NW 
Washington , DC 20550 

Anthony M .  Corb is iero 
Assoc . Reg ional D irector 
National Park Serv ice 
1 43 South Third Street 
Phi ladelph ia , PA 1 9 1 06 

Honorable John H .  Sununu 
Governor of New Hampshire 
State House 
Concord , NH 0330 1 

Honorable Michael S .  Dukak is 
Governor of Massachusetts 
State House 
Boston , MA 02 1 33 

Honorable Jamie L .  Wh i tten 
Cha irman , Commi ttee on 

Appropr iations 
House of Representat ives 
Washington , DC 205 1 5  
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Honorable Silvio 0 .  Conte 
Ranking Minor i ty Member 
Committee on Appropr iat ions 
House of Representatives 
Washington , DC 205 1 5  

Honorable S idney R .  Yates 
Cha irman , Subcommittee on I nter ior 

and Related Agenc ies 
Comm i ttee on Appropriat ions 
House of Representatives 
Washington , DC 205 1 5  

Honorable Ral ph S .  Regula 
Rank ing Minor i ty Member 
Subcommi ttee on I nter ior and Related 

Agenc ies 
Commi ttee on Appropriat ions 
House of Representat ives 
Wash ington , DC 205 1 5  

Honorable John D .  D inge ll 
Chairman , Commi ttee on Energy and 

Commerce 
House of Representat ives 
Wash ington , DC 205 1 5  

Honorable James T .  Broyh i ll  
Ranking Mino r i ty Member 
Commi ttee on Energy and Commerce 
House of Representat ives 
Wash ington , DC 205 1 5  

Honorable Don F i qua 
Cha irman , Commi ttee on Sc ience and 

Technology 
House of Representatives 
Washington , DC 205 1 5  

Honorable Manuel Lujan , Jr . 
Ranking Mino r i ty Member 
Commi ttee on Sc ience and Technology 
House of Representat ives 
Wash ington , DC 205 1 5  

Honorable Barbara B .  Kennelly 
House of Representatives 
Washington , DC 205 1 5  

Honorable Samuel Gejdenson 
House of Representat ives 
Washington , DC 205 1 5  



Honorable Bruce A .  Morrison 
House of Representatives 
Washington , DC 205 1 5  

Honorable Stewart B .  McKinney 
House of Representat ives 
Washington , DC 205 1 5  

Honorable John G .  Rowland 
House of Representatives 
Washington , DC 205 1 5  

Honorable Nancy L .  Johnson 
House of Representat ives 
Washington , DC 205 1 5  

Honorable John R .  McKernan , Jr . 
House of Representatives 
Washington , DC 205 1 5  

Honorable Olymp ia J .  Snowe 
House of Representat ives 
Washington , DC 205 1 5  

Honorable Edward P .  Boland 
House of Representatives 
Wash ington , DC 205 1 5  

Honorable Joseph D .  Early 
House of Representatives 
Washington , DC 205 1 5  

Honorable Barney Frank 
House of Representatives 
Washington , DC 205 1 5  

Honorable Chester G .  Atkins 
House of Representat ives 
Wash ington , DC 205 1 5  

Honorable Nicholas Mavroules 
House of Representatives 
Washington , DC 205 1 5  

Honorable Edward J .  Markey 
House of Representatives 
Washington , DC 205 1 5  

Honorable Thomas P .  O ' Neill , J r .  
House o f  Representatives 
Washington , DC 205 1 5  
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Honorable Joe Moakley 
House of Represen tatives 
Washington , DC 205 1 5  

Honorable Gerry E .  Studds 
House of Representatives 
Washington , DC 205 1 5  

Honorable Br ian Donnelly 
House of Representat ives 
Washington , DC 205 1 5  

Honorable Fernand J .  St . Germain 
House of Representatives 
Washington , DC 205 1 5  

Honorable Claud ine Schne ider 
House of Represen tatives 
Washing ton , DC 205 1 5  

Honorable James M .  Jeffords 
House of Represen tati ves 
Washington , DC 205 1 5  

Honorable Robert  C .  Smith 
House of Representat ives 
Washington , DC 205 1 5  

Honorable Judd Gregg 
House of Representatives 
Washington , DC 205 1 5  

Andover Publ ic L ibrary 
Andover ,  NH 032 1 6  

Beaman Memor ial Publ ic  Li brary 
8 Newton Street 
Wes t  Boylston , MA 0 1 583 

Bedford Publ ic L i brary 
3 Meetinghouse Road 
Bed ford , NH 03 1 02 

Groton Publ ic L i brary 
99 Main Street 
Groton , MA 0 1 450 

Leach Li brary 
Mammoth Road 
Londonderry , NH 03053 

L i t tleton Publ ic  L ibrary 
Ma in Street 
L i t tleton , NH 03576 



Medway Pub l i c  L ibrary 
26 H igh Street 
Medway , MA 02053 

Mil lbury Pub l i c  Library 
1 28 Elm Street 
Mil lbury , MA 0 1 527 

Woodsv i l l e  Pub l i c  L ibrary 
School Street 
Woodsv ille , NH 03785 

Amy Joan Burr i l l  
Monroe Free Pub l i c  L ibrary 
P . O .  Box 67 
Monroe , NH 0377 1 

Mary Lynch 
Colebrook Pub l i c  Library 
Main St reet 
Colebrook , NH 03576 

New Hampsh ire State L ibrary 
20 Park Street 
Concord , NH 0330 1 

League of Women Voters of Boston 
59 Temple Place 
Boston , MA 02 1 1 1  

League of Women Voters of 
New Hampshire 

7 South State St . 
Concord , NH 0330 1 

Massachusetts Consumer Council  
1 00 Cambr idge St . 
Cambr idge , MA 02202 

Massachusetts Lung Association 
385 E l l iot St . 
Newton Upper Fal ls , MA 02 1 64 

New Hampshire Lung Associat ion 
456 Beech St . 
Manchester , NH 03 1 03 

Nor theast Transportation Coa l i t ion 
Kelly Road 
C/0 Stokes 
Alstead , NH 03602 
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Bob Downing 
Mass . Assoc . of Biolog i cal Farmers & 

Gardners 
P .  0 .  Box 1 9 1  
Hopk inton , MA 0 1 748 

Peter Brown , Esq . 
Energy Law Institute 
Frankl in P ierce Law Ctr . 
2 Wh i te St . 
Concord , NH 0330 1 

Ms . Cynth ia M . W .  Clark 
Rai che & Clark , Attys . at Law 
8 1 4  Elm St . 
#200 
Manchester , NH 03 1 0 1  

Nancy Coll ier 
Du Bo is & K ing , Inc . 
Box 1 463 
Concord , NH 0330 1 

Mr . Lashota 
Bay State Gas Co . 
1 20 Royall St . 
Canton , MA 0202 1 

Harold L i ttle 
Consol idat ion Coal Co . 
1 800 Wash ington Rd . 
Pi ttsburgh , PA 1 524 1 

Lou is Carve l l i  
Ameri can Lung Associat ion o f  Boston 
5 1  Sleeper St . 
Boston , MA 0220 1 

Dav id Marshall 
Orr & Reno , P . A .  
P . O .  Box 709 
Concord , NH 0330 1 

Peter Miller 
D i r . of Marketing 
Normandeau Associates , I nc . 
25 Nashua Rd . 
Bedford , NH 03 1 02 

Harvey Salgo 
Salgo and Lee 
2 Park Square 
Boston , MA 02 1 1 6  



Peter Brown 
E l i  Corporat ion 
2 1  Green Street 
Concord , NH 0330 1 

NH Cooperat i ve Extens ion Serv ice 
Taylor Hall  
Un i vers i ty of New Hampsh ire 
Durham , NH 03824 

Col lege of L i fe ,  Sc ience and 
Agriculture 

Taylor Hal l  
Un i versi ty of New Hampshire 
Durham , NH 03824 

New Hampshire Timberland Owners 
Assoc . 

54 Portsmouth Street 
Concord , NH 0330 1 

League of Women Voters of 
New Hampsh i re 

Three Pleasant Street 
Concord , NH 0330 1 

New Hampsh ire Munic ipal Assoc iat ion 
1 05 Loudon Road , Bldg . #3  
Concord , NH 0330 1 

Resource Development Center 
Un i vers ity of New Hampshire 
Durham , NH 03824 

Water Resources Research Center 
Un i vers ity of New Hampsh ire 
Durham , NH 03824 

Resource Pol icy Center 
Dar tmouth Col l ege 
Hanover , NH 03755 

Casazza , Shultz & Assoc . 
1 90 1  N .  Fort Myer Dr . 
Arl ington , VA 22209 

Wallace R .  McGrew 
President 
Portland Pipe L ine Corp . 
P . O .  Box 2590 
South Portland , ME 04 1 06 
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Environmental Law Soc iety 
Boston Un i ver s i ty Law School 
765 Commonweal th Ave . 
Boston , MA 022 1 5  

Fund for Pres . o f  Wild l i fe & Natural 
Areas 

One Boston Place 
Boston , MA 02 1 06 

Hab i tat Institute for the 
Environment 

1 0  Jun iper Road 
Box 1 36 
Belmont , MA 02 1 78 

Massachusetts Audubon Soc iety 
South Great Pond Road 
L incoln , MA 0 1 773 

S ierra Club , New England Chapter 
Three Joy Street 
Boston , MA 03 1 08 

Natural Resources Defence Council  
1 350 New York Ave . NW 
Sui te 300 
Washington , DC 20005 

Environmental Act ion , I nc .  
1 525 New Hampsh i re Ave . , NW 
Washington , DC 20036 

S ierra Club Rad ioactive Waste 
Campaign 

625 Broadway , 2nd fl . 
New York , NY 1 00 1 2  

Environmental Pol icy Institute 
2 1 8  D Street , SE 
Washington , DC 20003 

Littleton Cour ier 
1 46 Un ion Street 
L i ttleton , NH 035 1 6  

The Berl in Reporter 
1 5 1  Main Street 
Ber l in , NH 03570 

The Coos County Democrat 
79 Ma in Street 
Lancas ter , NH 03584 



The Record C i t izen 
1 1 1  Ma in Street 
Plymouth , NH 03264 

Don Bacher 
Box 5 1 3  
L i ttleton , NH 0356 1 

Rober t  A .  Backus , Esq . 
P . O .  Box 5 1 6  
Manchester , NH 03 1 05 

Robert Banks , MPH , PE 
Robert S .  Banks & Associates 
800 Washington Ave . , SE 
# 1 05 
Minneapol is , MN 554 1 4-3035 

Norman Boucher 
1 470 Beacon Street , #43 
Brookl ine , MA 02 1 46 

Mr . & Mrs . S .  Brinker 
RFD 1 
Woodsville , NH 03785 

Jonathan Charry , Ph . D .  
Env ironmental Research Info . , Inc . 
2500 Johnson Ave . 
Riverdale , NY 1 0463 

Dr . & Mrs . Dav id E .  Corb it  
Locust H i l l  Rd . 
Goffstown , NH 03045 

Mr . & Mrs . R .  Fabr i z io 
North Haverhill , NH 03774 

Earl F .  Ga te , Esq . 
P . O .  Box 97 , 1 79 Cole St . 
Berl in , NH 03570 

Mr . & Mrs .  Hughs 
Raccoon H i l l  Rd . 
Sal isbury , NH 

Dr . & Mrs . J .  Jaffe 
Locus t H i l l  Rd . 
Goffstown , NH 03045 

Cleve Kapala 
RFD 1 ,  Box 23 
Canterbury , NH 03224 
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Mary Sue Kelly 
RFD 2 
L ittleton , NH 0356 1 

Donald Ko ll isch , MD 
Monroe Clinic 
Monroe , NH  0377 1 

Vernon Lang 
Box 1 5 1 8 ,  55 Pleasan t St . 
Concord , NH 0330 1 

Mr . & Mrs . W .  L indsey 
RFD 1 ,  Box 49 
Woodsville , NH 03785 

Mr . Haro ld V .  Lynde , Jr . 
Mercury Lane 
Pelham , NH 03076 

Mr . Arthur S .  Minot 
RFD 1 ,  Box 54 
Woodsville , NH 03785 

David A .  Murphy 
RFD 1 ,  Box 42 
Woodsville , NH 03785 

Mr . & Mrs .  P .  McDonnell 
Route 1 ,  Pettyboro Rd . 
Bath , NH 03785-9706 

Michael McMahon , Esq . 
1 1 00 C i tizens Bldg . 
850 Eucl id Ave . 
Cleveland , OH 44 1 1 4 

Jean Page 
Brair  H i l l  
North Haverhill , N H  03774 

Ms . Rina Pet i t  
1 32 Page Rd . 
L i tchf ield , NH 0305 1 

Robert  Petrofsky 
P . O .  Box 1 36 
Colebrook , NH 03576 

Constance Rinden 
RFD 1 ,  Box 437 
Concord , NH 0330 1 



Raymond Robbins 
Raccoon H i l l  Rd . 
Sal i sbury , NH 03268 

Susan Rowley 
P . O .  Box 1 34 
Bath , NH 03740 

Mr . R .  Alan Rutherford 
RFD 1 
Woodsville , NH 03785 

Robert Sche i rer 
Box 1 5 1 8 ,  55 Pleasant St . 
Concord , NH 0330 1 

Ms . Sandee Stewart 
RFD 1 ,  Box 48 
Woodsville , NH 03785 

Ms . Charlene Takes ian 
1 3  Nancy Ave . 
Pelham , NH 03076 

Mr . Warren J .  V incent 
RFD 1 ,  West Bath Rd . 
Woodsvil le , NH 03785 

Mr . R i chard V i rdone 
RFD 1 
L i ttleton , NH 0356 1 

Mrs . H .  Wh itney Woods 
Rte 1 ,  Box 63 
Woodsville , NH 03785 

Mr . & Mrs . T .  Woods 
RFD 1 ,  Box 55 
Woodsville , NH 03785 

Harry B .  Woods 
RFD 1 ,  Box 62 , Wes t Bath Rd . 
Woodsville , NH 03785 

Mr . & Mrs . Bruce W. Young , Jr . 
C/0 Mr . & Mrs . Dav id Murphy 
RFD 1 ,  Wes t Bath Rd . 
Woodsv il le , NH 03785 

Raymond Holland 
Lafayette Road 
Francon ia , NH 03580 
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Mrs . Sh irley McKean 
Rt 1 ,  Box 2 1 6 ,  Ai rport Rd . 
North Haverhill , NH 03774 

Pat Jane lle 
7 1  Rund lett H i l l  Rd . 
Bedford , NH 03 1 03 

Mike Walker 
Brown , Olson & Wilson 
2 1  Green Street 
Concord , NH 0330 1 

David Schwartz 
Sull i van & Worcester 
1 025 Connecticut Ave . , N . W .  
Wash ington , DC 20036 

Board of Selectmen 
Town Hall 
Tyngsborough , MA 0 1 870 

Board of Selectmen 
Town Hall  
Dunstable , MA  0 1 827 

Board of Selectmen 
Town Hall 
Groton , MA 0 1 450 

Board of Selectmen 
Town Hall 
Ayer , MA 0 1 432 

Board of Sel ectmen 
Town Hall  
Sh irley , MA  0 1 4 64 

Board of Selectmen 
Town Hall  
Lancaster , MA  0 1 523 

Board of Selectmen 
Town Hall 
Sterl ing , MA 0 1 564 

Board of Sel ectmen 
Town Hal l 
W .  Boylston , MA 0 1 583 

Board of Selec tmen 
Town Hall  
Boyl ston , MA  0 1 505 



Board of Selectmen 
Town Hall 
Shrewsbury , MA 0 1 545 

Board of Selectmen 
Town Hal l 
Grafton , MA 0 1 5 1 9  

Board of Selectmen 
Town Hall 
Millbury , MA 0 1 527 

Board of Selectmen 
Town Hal l 
Sutton , MA 0 1 527  

Board of Selectmen 
Town Hal l 
Upton , MA 0 1 568 

Board of Selectmen 
Town Hal l  
Milford , M A  0 1 757 

Board of Selectmen 
Town Hall  
Medway , MA  02053 

Board of Selectmen 
Town of Andover , RFD 
Andover , NH 032 1 6  

Board of Selectmen 
Town of Alexandr ia , RFD 1 
Bristol , NH 03222 

Board of Selectmen 
Town Hall 
Bath , NH 03740 

Board of Selectmen 
1 8  Nor th Amherst Rd . 
Bedford , NH 03 1 02 

Board of Selectmen 
Benton Town Office , RFD 2 
Woodsvil le , NH 03785 

Board of Selectmen 
Town of Boscawen , P . O .  Box B 
Penacook , NH 0330 1 
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Board of Selectmen 
Town of Dunbarton , RFD 2 
Concord , NH 0330 1 

Board of Selectmen 
Town of Goffstown , RFD 
Goffstown , NH 03045 

Board of Selectmen 
Town of Groton 
Groton , NH 0324 1 

Board of Selectmen 
Town of Hebron 
Hebron , NH 0324 1 

Board of Selectmen 
Town of H i l l  
Hi l l , N H  03243 

Board of Selectmen 
Town of Li sbon 
School St . 
L isbon , NH 03585 

Board of Selectmen 
Town of Lyman 
Lyman , NH 03585 

Board of Selectmen 
Town of Monroe 
P . O .  Box 3 
Monroe , NH 0377 1 

Board of Selectmen 
Town of Pelham 
Gage H i l l  Road 
Pelham , NH 03076 

Board of Selectmen 
Town of Rumney 
Rumney , NH 03266 

Board of Selectmen 
Town of Sal isbury 
Sal isbury , NH 03268 

Board of Selectmen 
Town of Webs ter 
Webs ter , NH 

Board of Selectmen 
Town of Warren 
Warren , NH 03279 



Board of Selectmen 
Town of Wentworth 
Wentworth , NH 03282 

City Manager 
4 1  Green St . 
Concord , NH 0330 1 

Mayor of Leominster 
City Hal l  
Leomins ter , MA 0 1 453 

Town Manager 
P . O .  Box 930 
Merrimack , NH 03054 

Board of Selectmen 
Town of Haverh ill 
35 Court St . 
Woodsvi lle , NH 03785 

Board of Selectmen 
Town of Hopkinton 
P . O .  Box 1 24A , RFD 
Hopkinton , NH 0330 1 

Board of Selectmen 
Town of L i tchfield 
255 Charles Bancroft Hwy . 
L itchf ield , NH 0305 1 

Honorable Wi ll iam A .  Johnson 
New Hampshire Senate 
State House  
Concord , NH  0330 1 

Honorabl e  Wi l l iam M .  Bulger 
President of the Senate of the 

State of Massachusetts 
State House 
Boston , MA 02 1 33 

Lawrence C .  Freder ick 
Publ i c  Service Company of 

New Hampshire 
1 000 E lm Street 
Manches ter , NH 03 1 05 

Thomas King 
Gran ite State Electric  Co . 
9 Lowel l  Road 
Salem , NH 03079 
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Andrew Nichols 
Portland P ipel ine Corp . 
P . O .  Box 2590 
S .  Portland , ME 0 1 406 

John Rogonese 
Gran ite State Electr ic 
Lebanon , NH 03766 

Den is Rossi  
Boston Gas Co . 
20 1 Rivermard St . 
Bos ton , MA 02 1 32 

George Lagassa 
Gran ite State Hydropower Association 
Main Stream Associates 
86 Lafayette Road , P . O .  Box 947 
North Hampton , NH 03862 

Honorable Vesta M .  Roy 
Pres ident of the Senate of the 

State of New Hampshire 
State House 
Concord , NH 0330 1 

Honorable Mark Hounsell 
New Hampsh ire Senate 
State House 
Concord , NH 0330 1 

Honorable Ralph Degnan Hough 
New Hampsh ire Senate 
State House 
Concord , NH 0330 1 

Honorable John P . H .  Chandler , Jr . 
New Hampshire Senate 
State House 
Concord , NH 0330 1 

Honorable Shei la Roberge 
New Hampsh ire Senate 
State House 
Concord , NH 0330 1 

Honorable Rhona M .  Charbonneau 
New Hampshire Senate 
State House 
Concord , NH 0330 1 



Honorable Susan McLane 
New Hampshire Senate 
State House 
Concord , NH 0330 1 

Honorable Eleanor P .  Podles 
New Hampshire Senate 
State House 
Concord , NH 0330 1 

Honorable John B .  Tucker 
Speaker of the House of 

Representatives of the State 
of New Hampsh ire 

State House 
Concord , NH 0330 1 

Honorable Mary L .  Padula 
Massachusetts Senate 
State House 
Boston , MA 02 1 33 

Honorable Gerard D ' Amico 
Massachusetts Senate 
State House 
Boston , MA 02 1 33 

Honorable Loui s  P .  Bertonazz i  
Massachusetts Senate 
State House 
Boston , MA 02 1 33 

Honorable Paul J .  Sheehy 
Massachusetts Senate 
State House 
Boston , MA 02 1 33 

Honorable Carol C .  Amick 
Massachusetts Senate 
State House 
Boston , MA 02 1 33 

Honorable John P .  Houston 
Massachusetts Senate 
State House 
Boston , MA 02 1 33 

Honorable Edward L .  Burke 
Massachusetts Senate 
State House 
Boston , MA 02 1 33 
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Honorabl e Mi chael E .  Jones 
New Hampsh ire House of 

Representat ives 
P . O .  Box 397 
Pelham , NH 03076 

Honorable Will iam P .  Boucher 
New Hampshire House of 
Represen tat ives 
P . O .  243 
Londonderry , NH 03053 

Honorable Robert H .  Day 
New Hampshire House of 

Representatives 
P . O .  65 
Londonderry , NH 03053 

Honorable Betsy McKinney 
New Hampshire House of 

Representat ives 
RFD # 1 0 ,  Box 40 1 
Manchester , NH 03 1 03 

Honorable Rowland H .  Schmid tchen 
New Hampshire House of 

Representatives 
p . 0 . 1 97 
Londonderry , NH 03053 

Honorable Ma tthew M .  Sochalski 
New Hampshire House of 

Representatives 
1 1  V i ctoria Drive 
Londonderry , NH 03053 

Honorable Vicki  Lynn Stachowske 
New Hampshire House of 

Representatives 
P . O .  Box 1 26 
Londonderry , NH 03053 

Honorable George Kever ian 
Speaker of the House of 

Representatives of the State 
of Massachusetts 

State House 
Boston , MA 02 1 33 

Honorable Lionel R .  Boucher 
New Hampshire House of 
Representat ives 
8 No tt ingham Street 
Hudson , NH 0305 1 



Honorable Dor is R .  Ducharme 
New Hampsh ire House of 

Representat ives 
76 R i ver Road 
Hudson , NH 0305 1 

Honorable Shawn N .  Jasper 
New Hampshire House of 

Representat ives 
83 Old Derry Road 
Hudson , NH 0305 1 

Honorable 0 .  Ph i l ip Rogers 
New Hampshire House of 

Representat ives 
15 L indsay Street 
Hudson , NH 0305 1 

Honorable Leonard A .  Smith 
New Hampshire House of 

Represen tat ives 
3 Lesl ie Street 
Hudson , NH 0305 1 

Honorable Joan A .  Wagner 
New Hampshire House of 

Representat ives 
1 50 Robinson Road 
Hudson , NH 0305 1 

Honorable Robert Blanchette , Jr . 
New Hampsh ire House of 

Representa t i ves 
P . O . 1 57 
Pelham , NH 03076 

Honorable Ralph S .  Boutwell 
New Hampsh ire House of 
Representatives 
P . O .  1 57 
Pelham , NH 03076 

Honorable Denn i s  H .  Fields 
New Hampsh ire House of 

Representat ives 
5 Derry Street 
Merr imack , NH 03054 

Honorable Robert N .  Kel l ey 
New Hampshire House of 

Representat ives 
Box 6 1  
Merr imack , NH 03054 
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Honorable Charles M .  Nute 
New Hampshire House of 

Representat ives 
Box 25 
Merrimack , NH 03054 

Honorable Ellen-Ann Rob inson 
New Hampsh ire House of 

Representatives 
234 Charles Bancroft Hwy . 
L i tchfield , NH 0305 1 

Honorable Geraldine Watson 
New Hampshire House of 

Represen tat ives 
1 30 Amherst Road 
Merr imack , NH 03054 

Honorable Harold W .  Watson 
New Hampsh ire House of 

Representat ives 
1 30 Amherst Road 
Merrimack , NH 03054 

Honorable Nancy C .  Hendrick 
New Hampshire House of 

Representat ives 
R i verdel l ,  RFD 3 
Manchester , NH 03 1 03 

Honorable George A .  Arris  
New Hampsh ire House of 

Representatives 
5 Tess ier Street 
Hudson , NH 0305 1 

Honorable Al ice Ti rrell Kn ight 
New Hampsh ire House of 

Representat ives 
4 West Un ion Street 
Goffstown , NH 03045 

Honorable Marcel J .  Martin 
New Hampsh ire House of 

Representatives 
RFD #2 , Dan is Park 
Goffstown , NH 03045 

Honorable Aime H .  Parad is 
New Hampsh ire House of 

Represen tati ves 
RFD #2 , Moose Club Park  
Goffstown , NH  03045 



Honorable A .  Les l ie Burns 
New Hampsh ire House of 

Representa t i ves 
86 Forest Dr ive 
Bedford , NH 03 1 02 

Honorable Mary J .  Shr iber 
New Hampsh ire House of 

Representa t i ves 
62 Meadowcres t Dr ive 
Bedford ,  NH 03 1 02 

Honorable Richard C .  Stenner 
New Hampsh ire House of 

Representatives 
36 South H i l l  Drive 
Bedford ,  NH 03 1 02 

Honorable Anna S .  VanLoan 
New Hampsh ire House of 

Representatives 
3 1 6  Wallace Road 
Bedford ,  NH 03 1 02 

Honorable Freder ick E .  Ahrens 
New Hampshire House of 

Representa t ives 
25 Cathy Stree t 
Merr imack ,  NH 03054 

Honorable Mary Jane Wallner 
New Hampsh ire House of 

Representa t ives 
27 Carter Street 
Concord , NH 0330 1 

Honorable George M .  Wes t  
New Hampsh ire House of 

Representat ives 
4 Glen Street 
Concord , NH 0330 1 

Honorable C .  Will iam Johnson 
New Hampsh i re House of 

Representat ives 
3 1  Jonathan Lane 
Bow , NH 0330 1 

Honorable Mary Ann Lew is 
New Hampshire House of 

Representa tives 
Cedar Stree t 
Contoocook ,  NH 03229 
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Honorable I rene J .  Shepard 
New Hampsh ire House of 

Representat ives 
Gage H i l l  Road , Box 1 77 ,  Route 1 
Concord , NH 0330 1 

Honorable Peter M .  Stio 
New Hampsh ire House of 

Representat ives 
1 Jun iper Lane 
Bow , NH 0330 1 

Honorable Paul R .  August 
New Hampsh ire House of 

Represen tat ives 
T ibbetts H i l l  Road 
Goffstown , NH 03045 

Honorable George F .  Jones 
New Hampsh ire House of 

Representat ives 
776 Mast Road 
Goffstown , NH 03045 

Honorable Milton A .  Cate 
New Hampsh ire House of 

Representatives 
40 Charles Street 
Penacook , NH 03303 

Honorable James A .  Chandler 
New Hampsh ire House of 

Representatives 
36 Highland Street 
Concord , NH 0330 1 

Honorable El izabeth Hager 
New Hampsh ire House of 

Representatives 
5 Auburn Street 
Concord , NH 0330 1 

Honorable Robert  C .  Hayes 
New Hampsh ire House of 

Representat ives 
1 4  Ridge Road 
Concord , NH 0330 1 

Honorable Mary C .  Holmes 
New Hampsh ire House of 

Representatives 
42 Spring Street 
Penacook , NH 03303 



Honorable Franc is D .  Jel ley 
New Hampshire House of 

Representatives 
1 Thompson Street 
Concord , NH 0330 1 

Honorable James I .  Kinhan 
New Hampshire House of 

Representatives 
5 Edgemont Street 
Concord , NH 0330 1 

Honorable Gerald R .  Smi th 
New Hampsh ire House of 

Representat ives 
285 Portsmouth Street 
Concord , NH 0330 1 

Honorable C .  Dana Chr isty 
New Hampsh ire House of 

Representa t i ves 
Route 3 ,  Box 32 
West Canaan , NH 0374 1 

Honorable Robert L .  Eas ton 
New Hampsh ire House of 

Representa t ives 
K ing Hill  Road 
Canaan , NH 0374 1 

Honorable Dav id M .  Scanlan 
New Hampsh ire House of 

Representat ives 
RD # 1 ,  Box 47A , Canaan Street 
Canaan , NH 0374 1 

Honorable E l i zabe th S .  Bardsley 
New Hampshire House of 

Representat i ves 
RFD 11 1 
Andover ,  NH 032 1 6  

Honorable James D .  Phelps 
New Hampsh ire House of 

Represen tat ives 
Ragged Moun ta in Road 
Danbury , NH 03230 

Honorable Joseph B .  Bowes 
New Hampsh ire House of 

Represen tatives 
RFD # 1 1 ,  Upper Queen Street 
Boscawen , NH 03303 
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Honorable Richard A .  Barbaria 
New Hampshi re House of 

Representatives 
78 Wes t  Main Street 
Penacook , NH 03303 

Honorable Lee Ann Cailler 
New Hampsh ire House of 

Representat ives 
34 Prescott Street 
Concord , NH 0330 1 

Honorable Paul I .  LaMott 
New Hampshi re House of 

Representat ives 
Court Street Ext . , Box 56  
Haverh ill , NH 03765 

Honorable Ezra B .  Mann , I I  
New Hampshire House of 

Representat ives 
1 6  Pine Street 
Woodsville , NH 03785 

Honorable Edward Densmore 
New Hampshire House of 

Representatives 
P .  0 .  Box 1 1 1  
Francon ia , NH 03580 

Honorable Wayne D .  King 
New Hampsh ire House of 

Representat ives 
Box 500 
Rumney , NH 03266 

Honorable Betty Jo Taffe 
New Hampshire House of 

Representatives 
Qu incy Road 
Rumney , NH 03226 

Honorable W .  Richardson Bla ir  
New Hampsh ire House of 

Representatives 
P . O .  Box 0 
Holderness , NH 03245 

Honorable Will iam J .  Dr iscoll 
New Hampsh ire House of 

Representat ives 
2 Randolph Street 
Plymouth , NH 03264 



Honorable V .  Michae l Hutch ings 
New Hampsh ire House of 

Representat ives 
22 Merr i l l  Street 
Plymouth , NH 03264 

Honorable John R .  Dri scoll 
Massachusetts House of 

Representatives 
State House 
Boston , MA 02 1 33 

Honorable Angelo P i cucci 
Massachusetts House of 

Representatives 
State House 
Boston , MA 02 1 33 

Honorable Mar ie J .  Parente 
Massachusetts House of 

Representatives 
State House 
Boston , MA 02 1 33 

Honorable Paul Kol l ios 
Massachusetts House of 

Representatives 
State House 
Boston , MA 02 1 33 

Honorable Roberta A .  Goldman 
Massachusetts House of 

Representat ives 
State House 
Boston , MA 02 1 33 

Honorable Ri chard T .  Moore 
Massachusetts House of 

Representatives 
State House 
Boston , MA 02 1 33 

Honorable Bruce N .  Freeman 
Massachusetts House of 

Representat ives 
State House 
Boston , MA 02 1 33 

Honorable Ph i l ip J .  Weymouth 
New Hampsh ire House of 

Representatives 
1 9  Armstrong Ave . 
Li sbon , NH 03585 
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Honorab le Patr ick J .  Leahy 
Uni ted States Senate 
Washington , DC 205 1 0  

Honorable Gordon J .  Humphrey 
Un ited States Senate 
Washington , DC 205 1 0  

Honorable Warren B .  Rudman 
Uni ted States Senate 
Wash ington , DC 205 1 0  

Honorable J .  Bennett Johnston 
Ranking Minor i ty Member 
Subbommi ttee on Energy and Water 

Development 
Commi ttee on Appropr iations 
Un i ted States Senate 
Washington , DC 2205 1 0  

Honorable James A McClure 
Cha irman , Subcommi ttee on Inter ior 

and Related Agenc ies 
Commi ttee on Appropr iat ions 
Un i ted States Senate 
Washington , DC 205 1 0  

Honorable John F .  MacGovern 
Massachusetts House of 

Representat ives 
State House 
Boston , MA 02 1 33 

Honorable Will iam Constant ino , Jr . 
Massachusetts House of 

Representat ives 
State House 
Boston , MA 02 1 33 

Honorable Augusta Hornblower 
Massachusetts House of 

Representat ives 
State House 
Boston , MA 02 1 33 

Honorable John H .  Chafee 
Chai rman , Subcommi ttee on 

Env ironmental Pollut ion 
Commi ttee on Envi ronment and 

Publ ic  Works 
Un ited States Senate 
Washington , DC 205 1 0  



Honorable George J .  Mitchell  
Rank ing Mino r i ty Member 
Subcommittee on Environmental 

Pol lution 
Commi ttee on Environment and 

Publ i c  Works 
Un i ted States Senate 
Washington , DC 205 1 0  

Honorable Lowell P .  We ickler , Jr . 
Un i ted States Senate 
Wash ington , DC 205 1 0  

Honorable Chr istopher J .  Dodd 
Un i ted States Senate 
Wash ington , DC 205 1 0  

Honorable Will iam S .  Cohen 
Un i ted States Senate 
Washington , DC 205 1 0  

Honorable Edward M .  Kennedy 
Un i ted States Senate 
Wash ington , DC 205 1 0  

Honorable John F .  Kerry 
Un i ted States Senate 
Washington , DC 205 1 0  

Honorable Cla iborne Pell 
Un ited States Senate 
Washington , DC 205 1 0  

Honorable J .  Bennett Johnston 
Ranking Mino r i ty Member 
Committee on Energy and Natural 

Resources 
Un i ted States Senate 
Washington , DC 205 1 0  

Honorable James A .  McClure 
Chai rman , Committee on Energy and 

Natural Resources 
Un i ted States Senate 
Wash ing ton , DC 205 1 0  

Hnonrable Robert C .  Byrd 
Rank ing Minor i ty Member 
Subcommittee on Inter ior and Related 

Agenc ies 
Commi ttee on Appropr iations 
Un i ted States Senate 
Wash ington , DC 205 1 0  
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Honorable John W .  Warner 
Chai rman , Subcommittee on Natural 

Resources Development and 
Product ion 

Committee on Energy and Natural 
Resources 

Un i ted States Senate 
Washington , DC 205 1 0  

Honorable John Melcher 
Rank ing Minor ity Member 
Subcommi ttee on Natural Resources 

Development and Production 
Un ited States Senate 
Washington , DC 205 1 0  

Honorable Robert T .  Stafford 
Chai rman , Commi ttee on Env ironment 

and Publ ic Works 
Un i ted States Senate 
Wash ington , DC 205 1 0  

Honorable Lloyd Bentsen 
Ranking Minority Member 
Committee on Env ironment and 

Pub lic Works 
Un i ted States Senate 
Washington , DC 205 1 0 

Honorable George I .  Wigg ins 
Cha irman , Committee on Development , 

Recreation & Env i ronmen t 
New Hampshire Senate 
State House 
Concord , NH 0330 1 

Honorable Susan McLane 
Cha i rperson , Commi ttee on Pub l i c  

Institut ions Heal th & Welfare 
New Hampshire Senate 
State House 
Concord , NH 0330 1 

Honorable Elizabeth A .  Green 
Cha irperson , Commi ttee on 

Envi ronment and Agr i cul ture 
New Hampsh ire House of 

Represen tatives 
State House 
Concord , NH 0330 1 



Honorable Dor is J .  Ri ley 
Cha irperson , Commi ttee on Fish and 

Game 
New Hampsh ire House of 

Representatives 
State House 
Concord , NH 0330 1 

Honorable Matthew M .  Sochalski 
Chai rman , Committee on Health and 

Human Serv ices 
New Hampsh ire House of 

Representat ives 
State House 
Concord , NH 0330 1 

Honorable James A .  Chandler 
Cha irman , Commi ttee on Legislative 

Administrat ion 
New Hampsh ire House of 

Representat ives 
State House 
Concord , NH 0330 1 

Honorable Mark 0 .  Hatfield 
Chai rman , Subcommi ttee on Energy 

and Water Development 
Commi ttee on Appropr iations 
Un i ted States Senate 
Washington , DC 205 1 0  

Lakes Reg ional Plann ing Commiss ion 
Humiston Bu ild ing 
Meredi th ,  NH 03253 

Wh i te Mounta in National Forest 
7 1 9  N .  Ma in St . ,  P . O .  Box 638 
Lacon ia , NH 03246 

Brad Kuster 
Off ice of the Attorney General 
State of New Hampsh ire 
State House Annex , 25 Capital St . 
Concord , NH 0330 1 

J im B ieber 
New Hampsh ire State Clear inghouse 
Off ice of State Plann ing 
2 1 /2 Beacon Street 
Concord , NH 0330 1 
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Beverly Boyle 
Mass . State Clearinghouse 
Exec . Office of Commun ities & 

Development 
1 00 Cambridge Street 
Room 904 
Boston , MA 02202 

Joanne Michaud 
Mass . Natural Her itage Program 
Divis ion of Fish and Wild l i fe 
1 00 Cambr idge Street 
Boston , MA 02202 

Gary W .  Hume 
New Hampshire Historic  Preservation 

Office 
Dept . of Resources & Economic 

Development 
Box 856 
Concord , NH 0330 1 

Valerie  A .  Talmage 
State Historic Preservat ion Officer 
Massachusetts Histor ical Commiss ion 
80 Boylston Street 
Boston , MA 02 1 1 6 

Bel knap County Conservation D istr ict 
7 1 9  N .  Ma in Street 
Room 203 
Lacon ia , NH 0324 6  

Coos Coun ty Conservat ion D istrict 
97 Ma in Street 
Lancaster , NH 03584 

H i l lsborough County Conservat ion 
D istrict  

Elm Street 
Milford , NH 03055 

Rockingham County Conservat ion 
D istrict 

32 Front Street 
Exeter , NH 03833 

Sul l ivan Coun ty Conservation 
District  

25 Mul berry Street 
Claremont ,  NH 03743 



Grafton County Conservat ion District 
3 1  Court Street 
Woodsvi l l e , NH 03785 

Merr imack County Conservation 
District  

RFD 2 ,  Route 1 3  
Concord , NH 0330 1 

Carroll County Conservat ion 
Distr ict 

Main Streeet 
Conway , NH 038 1 8  

Chesh ire County Conservation 
District  

Federal Bu ild ing 
Keene , NH 034 3 1  

New Hampshire Water Resources Board 
37 Pleasant Street 
Concord , NH 0330 1 

New Hampshire Water Supply and 
Pollut ion Control Commiss ion 

Hazen Dr i ve 
Concord , NH 0330 1 

New Hampshire Wetlands Board 
37 Pleasant Street 
Concord , NH 0330 1 

New Hampshire Dept . of Pub . Works & 
Highways 

John 0 .  Mor ton Bldg . , Hazen Dr . 
Concord , NH 0330 1 

New Hampshire Publ ic  U t i l i ties 
Commiss ion 

Eight Old Suncook Road 
Concord , NH 0330 1 

New Hampshire Office of State 
Planning 

2 1 /2 Beacon Street , 2nd Floor 
Concord , NH 0330 1 

NH Dept . of  Resources and Economic 
Development  

Division of  Economic Development 
Prescott Park , 1 05 Loudon Rd . 
Bldg . IJ2 
Concord , NH 0330 1 

F-20 

NH Dept . of Resources and Economic 
Developmen t 

Divis ion of Forests and Lands 
Prescott Park , 1 05 Loudon Rd . 
Bldg . #2 
Concord , NH 0330 1 

NH Dept . of Resources and Economic 
Development  

Divis ion of  Parks and Recreation 
Prescott Par k ,  1 05 Loudon Rd . 
Bldg . #2 
Concord , NH 0330 1 

Jonathan Osgood 
Dep . Director 
Governor ' s  Energy Office 
2 1 /2 Beacon St . 
Concord , NH 0330 1 

Pres ident 
Mass . Assoc iation of Conservation 

Commiss ions 
Tufts Univers i ty 
Lincoln Fi lene Center , MA 02 1 55 

Joseph Quinn 
NH Dept . of Resources & Economic 

Development 
P . O .  Box 856 
Concord , NH 0330 1 

Br ian Strohm , Ph . D .  
Div . of Pub . Health Services 
Hazen Dr ive 
Concord , NH 0330 1 

John R .  Appeney 
Di rector of  Aeronautics 
New Hampsh ire Aeronautics Commiss ion 
Concord Hun . Ai rport ,  Airport  Rd . 
Concord , NH 0330 1 

Thomas Towle , P . E .  
NH Dept . of  Pub .  Works & Hwys . 
J . O .  Morton Build ing 
Concord , NH 0330 1 

Sara Wagner 
Secretary 
NH Governor ' s  Energy Office 
2 1 /2 Londonderry 
Mammoth Road 
Londonderry , NH 03053 



Harold P .  Nevers 
Fed . Aid & Endangered Spec ies Coord . 
NH Fi sh & Game Dept . 
34 Br idge St . 
Concord , NH 0330 1 

Board of Selectmen 
Town of Bethlehem 
P . O .  Box 424 , Town Office 
Bethlehem , NH 035 74 

Board of Selectmen 
Town Office , Twin Mt . 
Town of Carroll 
P . O .  Box 1 46 
Carroll , NH 03595 

Board of Selectmen 
Town of P i ttsburg 
Town Office , RFD 1 
P i ttsburgh , NH 03592 

Board of Selectmen 
Town Office 
Town of Colebrook 
1 0  Br idge St . 
Colebrook , NH 03576 

Board of Selectmen 
Town of Columb ia 
Columb ia Town Office , RFD 1 
Columbia , NH 03576 

Board of Selectmen 
Town of Dalton 
Town Office , RFD 2 
Dal ton , NH 03598 

Board of Selectmen 
Town of Jefferson 
Town Office 
Jefferson , NH 03583 

Board of Selectmen 
Town of Lancaster 
Town Office , 25 Main Street 
Lancaster , NH 03584 

Board of Selectmen 
Town of L i ttleton 
Town Office , 1 Un ion St . 
L i t tleton , NH 0356 1 
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Board of Selectmen 
Town of Lyman 
Town Office , RFD 
Lyman , NH 03585 

Board of Selectmen 
Town of Monroe 
Town Office , Ma in St . 
P . O .  Box 63 
Monroe , NH 037 7 1 

Board of Selectmen 
Town of Northumber land 
Town Office , S tate Stree t 
Northumberland , NH 03582 

Board of Selectmen 
Town of Odell  
Odell  Town Office 
Odell , NH 03590 

Board of Selectmen 
Town of Stark 
Town Office 
Star k ,  NH 03582 

Board of Selectmen 
Town of Stewarts town 
Town Office 
West Stewartstown , NH 03597 

Board of Selectmen 
Town of Stratford 
Town Office 
North Stratford , NH 03590 

Board of Selectmen 
Town of Whi tefield 
Town Office 
Wh itefield , NH 03598 

Coos County Commiss ioners 
Coos County Courthouse 
1 48 Ma in St . 
Lancaster , NH 03584 

Grafton County Commiss ioners 
Grafton County Courthouse 
North Haverhill , NH 03744 

North Country Council 
P . O .  Box 40 
Franconia , NH 03580 

1 



Upper Val l ey -Lake Sunapee Council  
3 1 4  Nat ional Bank Bu ild ing 
Lebanon , NH 03766 

Central NH Reg ional Plann ing Council  
43 South State Street 
Concord , NH 0330 1 

Nashua Reg ional Plann ing Commission 
1 1 5 Ma in Street , P . O .  Box 847 
Nashua , NH 0306 1 

Southwestern NH Reg ional Plann ing 
Comm iss ion 

28 Mechan ic Street 
Room 220 
Keene , NH 0343 1 

Stafford Reg ional Plann ing 
Commiss ion 

Coun ty Farm Road 
Dover , NH 03820 

Rock ingham Plann ing Commiss ion 
One Water Street 
Exeter , NH 03833 

Concord Plann ing Department 
Green Street 
C i ty Hall 
Concord , NH 0330 1 

Loon Preservat ion Committee 
Humiston Bu ild ing 
Mered i th ,  NH 03253 

Connect icut R iver Watershed 
Counc il  

479 Main Street 
Greenfield , MA 0 1 30 1  

Southern NH Plann ing Commiss ion 
8 1 5  Elm Street 
Manchester , NH 03 1 03 

Mass . Department of Publ ic Works 
1 00 Nashua St . 
Boston , MA 02202 

Mass . Envi ronmental Health 
Associat ion 

P . O .  Box 1 1 6 
North Read ing , MA 0 1 864 
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Wynn E .  Arnold 
NH Publ ic Ut i l i ty Commiss ion 
8 Old Suncook Rd . 
Bldg . 1 
Concord , NH 0330 1 

Edward Burke 
Cha irman 
Energy Coord inat ing Council  
1 00 Orange St . 
Providence , RI 02903 

Edward L .  Cross , Jr . 
Asst . Attorney General 
Office of the NH Attorney General 
State House Annex , 25 Main St . 
Concord , NH 0330 1 

Bruce Ellsworth 
NH Publ ic Ut i l i t ies Commission 
8 Old Suncook Rd . 
Concord , NH 0330 1 

Will iam Febiger 
Energy Fac i l i t ies S i t ing Council  
1 00 Cambr idge St . 
Rm .  2 1 09 
Boston , MA 02202 

Geroge Ge lman 
Commiss ioner 
Dept . of Resources & Economic 

Development 
Chr ist ian Mutual Bu ild ing 
Concord , NH 0330 1 

Will iam Healy 
Di rector 
Water Supply 

Commiss ion 
P . O .  Box 95 , 
Concord , NH 

& Pol lution Con trol 

Hazen Drive 
0330 1 

V incent J .  Iacop ino 
Execut ive Di rector & Secretary 
New Hampshire Publ ic Ut i l i t ies 

Commiss ion 
8 Old Suncook Road - Bldg . One 
Concord , NH 0330 1 
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