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This draft environmental impact statement (DEIS) assesses the potential 
impacts associated with the proposed finalization of prohibition orders 
for Units 1 and 2 of the Brandon Shores Generating Station, located in 
Anne Arundel County, Maryland: If finalized, the prohibition orders 
would prohibit the utility from using petroleum products as a primary 
energy source in the affected units; the utility proposes to conform to 
the orders by firing Units 1 and 2 on low-sulfur coal. Major issues of envi 
ronmental concern relating to the proposed prohibition order have been 
determined through the public scoping process and through discussion 
with other concerned agencies, and were found to include air and water 
quality, noise, and waste storage and disposal. These issues, as well as 
reasonable alternatives in the areas of plant conversion options, fuel type, 
air and water pollution control, ash dispos�1, and transportation, are 
discussed in the EIS. 

Comments should be sent to Deborah Valentine at the address noted 
above. The closing date for comments is 45 days after Federal Register 
publication of a Notice of Availability by EPA. 
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SUMMARY .4"'D CONCLUSIONS 

The United States Department of Energy's (DOE's) Economic Regulatory Administration (ERA) issued 
on November 9, 1 979, proposed Prohibition Orders to the Baltimore Gas and Electric Company 
(BG&E) for the Brandon Shcres Generating Station Units 1 and 2. Authority for this !lction was 
derived from the Powerplant and Industrial Fuel Use Act of 1978 (FUA), as amended by the Omni
bus Budget Reconciliation Act of 1981 (OBRA). The perfection and issuance of a Prohibi�!Qn Order 
for Brandon Shores would prohibit the further use of petroleum as the major fuel in this generating 
station. Because the ERA has determined that the issuance of those Prohibition Orders is a major 
Federal action, DOE is providing this Draft Environmental Impact Statement (DEIS) to address the 
environmental effects of the proposed action and reasonable alternatives as required by tht; 
National Environmental Policy Act of 1969 (NEPA) and Council on Environmental Quality NEPA 
regulations. 

In addition, on June 30, 1975, Prohibition Orders were issued to BG&f for its Crane Generating Station Units 1 and 2, 

Riverside Generaling Station Units 4 and 5, and Wagner Generating Station Units 1 and 2 These orders, which could have 

been perfected by issuance of Notices of Effectiveness, were issued pursuant to th� fnergy Supply and fnviror mental Coor

dination Act of 1974 (ESECA). Following enactment of OBRA, when the ERA allowed utilities with outstanding f·1A and 

fSfCA orders to elect continued coverage under those acts, BG&E exercised its opfion so nor to elect. As a result, the Crane, 

Wagner, and Riverside ESECA orders were allowed to lapse. 

Th�s, the proposed action which is the subject of this DEIS is the finalization of the FUA Prohibition 
Orders for Units 1 and 2 at Brandon Shores. BG&E has indicated that finalization of these orders and 
subsequent operation of these units on low-sulfur coal are the preferred alternative (scenario 3). 

Independent of DOf action, BG&E is pursuing voluntary conversion of Crane's Unit 1 to coal and refuse·derived fuel, and 

Unit 2 to coal. In addition, BG&f's Wagner Station is contiguous with the Brandon Shores station and operates 4 units total

ing 990 MW. Two of the Wagner Units are coal-fired. Concern has been expressed at State and local levels a bout the interac

tive and cumulative effects of Ihe conversion of the Brandon Shores units (the result of proposed action), and the Crane 

conversions, and the continued operation of the Wagner Units. The eight unilS may share or compete for the same air, 

water, and solid·waste-disposal resources. Therefore, this DEIS addresses the effect of the Crane conversions an{l the con

tinued operation of the Wagner Station, as appropriate. 

CONCLUSIONS 

This environmental analysis focuses on five fuel scenarios. One of these, the base-case scenario, 
involves operation of the Brandon Shores Units on oil and the continued cperation of the Crane Units on oil. 

In the no-action alternative, Crane operates on coal and coal with refuse-derived fuel (RDF), Brandon Shores 
operates on oil. The three remaining scenarios reflect the probable responses of BG&E and state 
and local re�ulatory authorities to finalization of the Prohibition Orders for the Brandon Shores 
Units. Coal, with or without scrubbing, is considered to be the alternative-of-choice. 

The principal areas of concern were identified through the NEPA public scoping process, through 
recommendations of the State of Maryland, and according to the format given in the CEQ regula
tions. Major areas of potential impact are briefly discussed in the fol!owing paragraphs. 

Air Quality 
For each of the fuel-conversion scenarios, the magnitl,de of fugitive-dust and stack-emissions 
increases that would occur were analyzed. Generally, increases in atmospheric concentrations of 
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Fugitive-dust emissions from both conversion and oreration were considered. Fugitiv. emissions from 
construction activities were found not to be restrictive. The utility has demonstrated that with improved 
coal-handling and -storage methods, the projected TSP increases will be at acceptable levels. 

Computations of atmospheric concentrations of pollutants from stack emissions indicate that short
term maximum values for S02 and TSP would be more limiting than annual values. All computed 
S02 and TSP concentra�ions resulting from stack emissions at Brandon Shores and Crane would be 
below the applicable standards. 

The ccnsideration of fugitive dust, stack emissions, and PSD consumption shows that no violations 
will result from conversion of the Brandon Shores and Crane units for all scenarios. 

Land Use and Solid Wute 

The conversion of the Brandon Shores units to coal and the Crane units to coal and a coal/RDf mixture would 
require that coal, and possibly limestone and RDf, be stored at the generating station sites. No con
straints due to the availability of onsite land for st:>rage are projected. 

Combustion ash is projected to be disposed of at a site directly west of the Brandon Shores Station. The 
site could contain 7 to 10 years projeCtion of solid waste from Bra:1don Shores. Purchase options on an 
additional disposal area will allow disposal for the remaining life of the station. Crane w.JStp will be disposed 
of at another site. 

Coal is to be brought to the Brandon Shores station by barge, so a new channel has been dredged. 
Approximately 462,000 cubic yards of spoil were removed. Disposal of the spoils took place at an SO
acre site on Marley Neck, about one mile north of the Brandon Shores station. The site has pre
viously been l.sed to dispose of Baltimore Harbor dredge spoils, and the addition of the spoils from 
the barge channel resulted in a negligible impact on land use. 

Wat�r quality 

Coal Storage 

Runoff and leachates from stored coal could contaminate nearby surface or ground waters. Strati
graphic maps of the geologic structure under the expected locations of the Brandon Shores and 
Crane coal piles indicate that relatively permeable layers would separate the coal piles from under
Iy,ing water tables. The company has announced an intention to install liners or underdrain systems 
to reduce the possibility of contamination. 
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Ash and Sludge Leachates 

The utility plans to use a tract of land west of the Brandon Shores station for Brandon Shores solid
waste disposal. The site is u nderlain by a clay layer. which appears to be contin uous. If so, this layer 
would protect ground water. To tile e�ent that BG&E is able to find uses for ash and/or sludge (the 
utility is actively pursuing this), the amount of waste to be disposed of, and the potential for con
tamination of surface and ground water, would be reduced. 

Ecology 

Terrestrial 

Options calling for the conversion of the u n its to coal have the potential for increasing deposition 
of S02. Impacts to plants from these increased S02 emissions are judged to be minimal. 

No detrimental impacts to terrestrial plant; or animals would result from tile emission of N02 or 
particulate matter due to fuel conversion .  

The d isposal of  solid waste generated during coal combustion would result in the loss or  disruption 
of n atural habitat. The estimated lifetime commitment of la nd for solid-waste d isposal ranges up to 
700 acres; the previously mentioned disposal site west of the Brandon Shores station could accom
modate the waste generated by the BG&E units for 7 to 10 years, so i t  is possible that additional land 
may be disturbed. Land used for solid-waste disposal would be disturbed for 35 to 4 5  years. 

Aquatic 

Dredging at Brandon Shores, which presented the greatest potential for aquatic impacts, is com
pleted. It was performed so as to cause no permanent effects to aquatic l ife. Dredge spoils were 
d isposed of in an existing spoils disposal site; no aquatic impacts will result from the disposal if 
runoff continues to be handled properly. No significant impacts or aquatk: life are projected to 
result from coal-handling or storage, if effluent is handled properly. 

No ecological effects are projected to result from operation of the Brandon Shores and Crane u nits 
on alternative fuels. 

Energy Resource 

Finalizing the prohibition orders for the P.randon Shore units would result in a reduction in petro
leum use of approximately 53 thousand barrels per day. Conversion of Crane will result in a reduction in oil 
use of about 11 thousand barrels per day. 

Noise 

No signficant noise effects are projected for either the conveision of Brandon Shores or the voluntary 
conversion of Crane. 

Socia-economic 

No significant socio-economic effects are projected either for the conversion of Brandon Shores or 
the voluntary conversion of Crane. 
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1.1 BACKGROUND 

1.0 PURPOSE AND NEED FOR ArnON 

In 1973, in response to the oil embargo, Congress passed the Energy Supply and Environmental 
Coordination Act of 1974 (ESECA) (P.l. 93-3190). This act provides the authority to prohibit certain 
existing powerplants from using natural gas or petroleum as their prim"ry energy sources, and pro
vides for the plants' conversion to coal. The Federal Energy Administration (FEA), which adminis
trated ESECA, had the burden of proving whether the powerplant or major fuel-burning installation 
had, or could acquire, the capability to burn coal; whether the plant could obtain the necessary 
supplies of coal; and, in the case of a powerplant, whether the conversion could be effected with
out reducing reliability. The FEA is now a part of the Department of Energy, and the responsibility 
for completing orders initiated under ESECA has beer. transferred to the Division of Fuels Conver
sion of DOE's Economic Regulatory Administration (ERA). 

To extend and expand the provisions 01 ESECA, which expired in December of 1978, the Powerplant 
and Industrial Fuel Use Act of 1978 (FUA) (P.l. 95-620) was passed by Congress in November 1978. 
Among other things, FUA enabled DOE to order existing powerplants and major fuel-buming 
instailations to cease using petroleum as a primary energy source, contingent upon DOE's ability to 
show 1) that the unit has the technical capacity to burn an alternate fuel; 2) that an allernJte fuel is 
available and its use is financially feasible; 3) that conversion to an alternate fuel would not cause a 
substantial reduction in rated plant c.::pacity; and 4) that all applicable environmental standards can 
be met. FUA differs from ESECA in that <:Iternate fuels other than coal (such as municipal wastes and 
wood) can be considered as fuel conversion candidates, and that it allows for the use of fuel 
mixtures. 

The Omnibus Budget Reconciliation Act of 1981 (OBRA) (P.l. 97-35) amended FUA to provide that 
the owners and operators of electric powerplants must initiate the prohibition order process by 
voluntarily certifying to the above FUA findings. Utilities subject to proposed orders under FUA or 
ESECA at the time of the OBRA amendments were allowed to elect continued coverase under 
those laws. If no election was made, the proposed order lapsed. 

Utilities which certify to the FUA findings and request Prohibition Orders (or elect continued cover-
age of outstanding orders) receive special treatment under the Clean Air Act (CM) for the units so 
covered. A fuel switch to coal under these circumstances is not considered a major modification for 
CAA purposes, and the converted units will not be treated as new sources for New Source Perfor
mance Standards (NSPS) or Prevention of Significant Deterioration (PSD) purposes. However, any 
NSPS requirements which originally applied to the units would still be in effect. Also, any increase 
in emissions resulting from the fuel switch would consume PSD increment, even though no formal 
PSD permit proceeding would be required. 

1.2 THE PROPOSfD ACTION 

The proposed action which is the subject of this Environmental Impact Statement is the issuance of 
final FUA Prohibition Orders to the Baltimore Gas and Electric Company (BG&E) for Brandon 
Shores Units 1 and 2. Proposed Prohibition Orders were issued for these units under FUA on 
October 9, 1979. BG&E elected continued coverage under FUA pursuant to the OBRA ammend
ments on November 9., 1981. 

The Department of Energy has determined that issuance of a final prohibition for Bra..-.don Shores 
would be a major Federal Action significantly affecting the quality of the human environment. This 
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EIS is being prepared in accordance with the requirements of the National Environmental Policy Act 
of 1969 (NEPA) 42 USc. 4321 et seq.). 

1.3 NON-fEDERAL ACTION 

This document also addresses certain non-Federal actions. BG&E is voluntarily converting its C. P. Crane Units 1 and 2 to coal 
(unit 1 using RDF as available), and eel lain BG&E activities related to this conversion are subjects of concern to state and 
local agencies. These activities, when combined with activities resulting from response to the proposed Federal Action, 
potentially have interactive or cumulative effects on the environment. Such activities are discussed in this EIS as required by 
Section 1506.2 and Sections 1501.7a(1) and (6) of the CEQ regulations. 

This EIS also addresses the effects that might occur when the Crane and Wagner units, through the conversion of the Crane 
Units or continued operation of the Wagner Units, share or compete with Brand{)n Shures Units for air, water, and solid
waste disposal resources. 

1.4 RELATIONSHIP OF PRESENT EIS TO PROGRAMMATIC EIS AND OTHER STUDIES 

This EIS will address the site-specific environmental impact of the proposed action and reasonable 
alternative actions which could be expected to result from issuance of a final Prohibition Order. It 
has been prepared in accordance with the requirements of the National Environmental Policy Act 
a nd the following additional requirements: regulations promulgated by the Council on Environ
mental Quality (CEQ) implementing NEPA (40 CFR 1 500-1508), and DOE NEPA Guidelines (DOE 
Order 5440.1A and 45 FR 62 p. 20694-20701, March 28, 1980). 

The major purposes of this statement are to: 

• ensure that appropriate consideration is given to environmental factors at al l  stages of DOE's 
decision-making process; 

• reduce duplication between NEPA and state and local requirements by cooperation with state 
and local agencies to the fulltst extent possible; 

• provide information on the effect of the Federal Action so that it may be integrated into state 
and local planning processes; and 

• identify and assess reasonable alternatives to the proposed action, including the no-action alter-
native, that will avoid or minimize adverse effects upon the human environment. 

This site-specific environmental impact statement is the third tier in a three-tiered approach to 
enviromental impact assessment; an approach which conforms to the ir.tent of the National Envi
ronmental Policy Act (NEPA) in general, and to the Council on Environmental Quality Regulations 
on implementing NEPA procedures in particular. Section 1508.28 of the CEQ Guidelines defines 
tiering "as t he coverage of general matters in broader environmental impact statements (such as 
national program or policy statements) with subsequ'.::nt narrower statements or environmental ana
lyses (such as regional or basinwide program statements or ultimately site-specific statements) 
incorporating by reference in the general discussion and concentrating solely on the issues specific 
to the statement subsequently prepared." 

The first tier in the impact assessment process associated with fuel conversion is the programmatic 
analysis. In April 1979, DOE issued a Final Programmatic Environmental Impact Statement for the 
Fuel Use Act (00E/EI5-0038) assessing the major en'Jironmental impacts resulting from the imple
mentation of the Powerplant and Industrial Fuel Use Act. That impact statement addresses overall 
prog.am impacts rather than site-specific impacts, and is predicated on the assumption that coal will 
be the primary fuel substituted for oil and natural gas in the short term (1990). Additional generic 
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and historic information on the impads associated wit� the use of coal and alternate fuels can be 
found in the Revised Programmatic Environmental Impact Statement for the Energy Supply and 
Environmental Coordination Act (FES 77-3) published by the Federal Energy Administration in May 
1977. 

The second tier of the impad analysis is the Northeast Regional Environmental lmpad Statement 
(NEREIS) (DOE/EIS-0083). This document responds to the need to assess the potential for cumula
tive and interadive impads among powerplants located in proximity to each other. This type of 
analysis is considered appropriate because more than half (42 )  of the powerplants subjed to, or 
under .:onsideration for, prohibition orders are located in ten states in the northeastern United 
States. The NEREIS and four technical documents which provide the data base for the regional analy
sis emphasize four major interrelated issues: 1) air quality, 2 )  solid waste disposal, 3) fuel supply and 
the transportation of fuel and solid waste, and 4) health effects. The technical documents are 
designed to provide a portion of the data base for the site-specific environmental analysis as well as 
to provide a broader perspective for assessing the potential impads of proposed conversion 
actions. Detailed site-specific issues are not treated in the NEREIS; rather, generic i ssues that are 
cumulative or interactive on a regional basis are emphasized. When addressing i ssues in the site
specific documents where the use of generic information is most appropriate, the information is  
incorporated directly from the NEREIS. 

The analysis in the Northeast Regional Environmental Impad Statement i s  based on an assessment 
of the impads associated with five air pollution emission scenarios (see Section 2 .5). This compo
nent of the analysis was conduded at the subregional level. The four subregions center around 
Boston, New York, Phil;:;delphia, and Baltimore. In the Baltimore subregions, the analysi s is based 
on the interadion of: 1)four potential conversion candidates, including the Brandon Shores plant, 
and 2) rhe in1eracrion of BG&f's c.P. Crane and Brandon Shores Generating srarions in a volunrary-conversion scenario. 

This approach to air-quality analysis assumes that all the conversion candidates will in fact convert. 
It is a conservative approach and produces worst-case results since it is highly unlikely that all coal
capable plants in the subregion will actually choose to convert. 

This EIS examines the second NERilS scenario described. In this scenario, the NEREIS examines the:! 
regional effeds of converting the facilities to coal in compliance with currently approved State 
Implementation Plans (SIPs). This EIS examines also the effects of several alternative responses of 
the utility to the proposed Federal action and evaluates these effects on a local as well as a regional 
basis. 

The findings of the Northeast Regional Environmental lmpad Statement are presented in summary 
form in Section 2 .5 of this document. 

1.5 PERMITS AND APPROVALS 

A summary of the permits required to operate Brandon Shores Units 1 and 2 on coal is prese:1ted in 
Table 1.1. The Brandon Shores units are still under construction, and numerous permits and appro
vals have been and will be required for constructi0n-related aClivities. Most of these are nl)t 
specific to the units' operating fuel. Also, the original Brandon Shores Certificate of Public Conve
nience and Necessity (CPCN) (May 16, 1973) applied to a fossil-fuel-fired powerplant. This has been 
interpreted by affected parties as permitting operation on either coal or petroleum fuel. Certain 
aspects of operation on coal have been the subjed of a modification of the CPCN issued December 
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14, 1981. These details refer to stack exit temperature and velocity, tal fugitive-dust control, and 

noise regulation. Each of these is related to the use of coal by the units. 

The other permits and approvals required for coal operation are related to coal delivery, coal stor

age and handling, and waste handling and disposal. These permits are summarized in Table 1 . 1  

u nder these categories. With the exception o f  amending the present NPDES permit t o  include coal

pile runoff, all relevant permits and approvals have been received. The existing NPOES permit 

expired in March 1 983, and BG&E is operating under EPA's continuance of existing permits. Appli-

cation for a revised permit is in  progress. 

TABLE 1.1. Permits and Approvals Required to Operate Brandon Shores on Coal 

Activity Agency 

Approval 
Date 

Generill 

Mod:'ication of Certificate of Public Convenience Mclryland Service Commission ',2/14181 

and Necessity - changes in stack gas temperature 

and exit velocity, fugitive dust control, and noise 

regulation related to coal u se 

COill Deliwery 

Dredging new barge channel U.S. Army 
Maryland Port Administration 

Natural Resources Permit 
Water Quality Certificate 

Anne Arundel County 

09/03/81 
02102/81 
02104181 
03/18181 

11126/80 
Gr,;de area for spoil disposal from dredging 

barge channel 

Relocate and install buoys to mark barge channel 

Construct coal-u nloading  facilities over waterway 

U .S. Army (Corps of Engineers) 03/03/82 

U.S. Coast Guard 01/26182 

U.S. Army (Corps of Engineers) 1 2108181 
Maryland Port Administration 01/00/82 
Anne Arundel County 01112182 

Coal Storage ilnd Handling 

Grade area for coal pile and coal handling Anne Arundel County 

equipment 

Construct foundation for placement of upland coal- Anne Arundel County 

handling facilities 

Construct transfer buildings, crusher building, con

veyers, stacker reclaimer 

Discharge of coal-pile r u noff 

Anne Arundel County 

Maryland State Health 
Department 

W�te Handling and Disposill 

Construct fly ash silo, surge-setting tanks, chemical Anne Arundel County 

treatment building, pump building 

Grading for fly-ash hauling road Anne Arundel County 

(a) Application for revision of NPDES permit in progress. 

05/05/81 

01112182 

04/16/82 

(a) 

03130/82 

09/28/81 

Status of 
Activity 

Units u nder 
construction 

Completed 

Completed 

Completed 

Completed 

Completed 

Completed 

Completed 

Coal-pile-
ru noff facility 
constructed 

Completed 

Completed 

(a) The orignial Brandon Shores design did not have stack-heat recuperators. Stack·heat recuperat� use stack heat to pre

heat combustion air, providing a more efficient use of the energy in the fuel. The original intenl was to operate Brandon 

Shores as an intermediate-load facility. In that mode, stack heat recuperators would not be cost-effective on coal. It is now 

planned that the units will be operated as base-load, for which stack-heat recuperators are cost-effective. 
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2.0 PROPOSED ACTION AND AL TERNA JIVES 

2.1 PROPOSED ACTION 

DOE's proposed action is the finalization and issuance of a Prohibition Order that would prohibit 
the use of petrolp.um or natural  gas as primary fuels in the BG&E Brandon Shores Generat ing Station 
Units 1 and 2. DOE is providing this EfS in order to evaluate the environmental effects that may 
result from the conversion of these two generating u nits from oil to an alternate fuel. 

Section 1502.14 of the CEQ regu lations defines the a lternatives section to be the "heart of the 
environmental impact statement;" therefore, this section of this EIS presents It • • •  The environ
mental impacts of the proposed action and the alternatives in comparative form, thus sharply defin
ing the issues and providir.g a clean basis for choice among alternatives." 

2.2 ALTERNATIVES TO THE PROPOSED ACTION 

The choices available to DOE in the Prohibition Order Process are limited to either issuing a final 
order or d eclining to issue one. However, in developing the reasonable alternatives to be assessed 
for NEPA purposes, DOE focused attention on th e various manners in which Brandon Shores units 
might burn coal in compliance with a Prohibition Olaer. Th is resulted in the fuel scenario alterna
tives discussed below. 

2.3 FUEl SCENARIO ALTERNATIVES 

2.3.1 Function 

The fuel scenarios provide a means of evaluating ;uels or fuel combinations that realistically could 
be used as alternatives to oil in the BG&E un its. Although numerous options are available, relatively 
few fuels  are viable alternatives from the combined standpoints of fuel availability, environ mental 
standards and regulations, and ease of making engineering modific"tions to the stations and the 
subject units. The criteria considered in selecting fuel conversion scenarios are described in the fol
lowing section. 

2.3.2 Basis for Selection 

Fuels for the fuels conversion scenarios were selected on the basis of emission limitations, DOE's 
internal  analyses of engineering considerations, boiler fuel requirement�, and fuel availability. Also 
tabn into account were recommendations of the u.S. EPA and the State of Maryland. Other con
siderations included the following: 

� The continued use of oil as the primary fuel for a l l  four un its at both generating stations was con
sidered. This represents the baseline scenario for comparing the impacts of conversion to alter
nate fuels. 

• Precedence was given to those fuels or fuel combinations that produce air emissions that comply 
with present emission standards. Several scenarios were adopted based on established emission 
limits that were suggested by the State of Maryland 

• The cyclone boilers at the Crane Generating Station requ:re coal with a low ash fusion temperature. The availability of 

low-sulfur coal with this characteristic is quite limited. Therefore low-sulfur (compliance) coal may be impractical at this 

station. Additionally, the EPA,has approved an application on the part of BG&E for a permanent SIP revision that would 

allow the burning of higher sulfur coal (46 FR 44448, September 4, 1981). 
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• The conversion to relatively abundant, high-sulfur coal is considered along with the use of 
equ ipment such as flue-gas desulfurization (FGD) needed to keep air emissions within standards. 

• Allhough Ihe local supply of refuse-derived fuel (RDF) is insufficienr 10 satisfy the total fuel needs of �/llhe units, this flS 
also considers the conversion of Crane Unit l to a mixture of RDF and coal. One scenario addresses the situation resull
ing if the Crane Unit 1 is converted to use RDF and coal, �nd Unit 2 burns co�/, while Brandon Shores uses des ign oil 

This scenario represents the "nO-�dion" scenario because it describes the situ�tion that would result ilthe Prohibition 

Order is not perfected. 

The fuel scenarios considered in this analysis arc summarized in Table 2 .1 .  These scenarios are gen
erally defined by atmospheric emissions. This reduces the effort i nvolved in air-quality analyses 
because several fuels or fuel combinations can result in the same stack emissions (although other 
parameters such as exit velocity and exit temperatuie may change). This approach cannot be used, 
however, for assessing the i mpad of fuel conversion on Welter quality, solid-waste disposiil, ecologi
cat and economic factors. Specific fuels are identified for each scenario in order to provide a bas:s 
for e�timating  the kinds and amounts of liquid and solid wastes released to the environment, and 
the dssociated irr.pacts of fuel conversion on media other than the atmosphere. For each of the 

TABLE 2.1. Fuel Conversion Scenarios for B randon Shores and Crane Generating Stations 

Alte�tiye 

Generatif'g Ba� Case No-Adion Utility Preference Full  FGD Partial FGD 
Station 1 2 3 4 5 

-------

Brllndon Shores 
Unit 1 SO,: 0.8 1b110" Btu SO,: 0.8 Ib/10" Btu SO,: 1 .2 Ib/10" Btu SO,: 0.8 Ibl1O" Btu SO,: 0.8 Ib/10" Btu 

TSP: 0.01 gr/SCFD TSP: 0.01 gr/SCFD TSP: 0.03 gr/SCFD TSP: 0.03 gr/SCFD TSP: 0.03 gr /sC�D 
Fuel: 0.76% S Oil Fuel: 0.76% S Oi l  Fuel : 0.72% S Coal Fuel : 2.5% S Coal Fuel: 0.72% 5 Co :1 
Control: ESP Control: ESP Control: ESP Control: ESP, 81% Control: ESP 

wet FGD 

Unit 2 Same as Unit 1 Same as Unit 1 Same as Unit 1 Same as Unit 1 SO,: 0.8 ib/1()6 Btu 
TSP: 0.03 gr/SCFD 
Fuel: 2.5% 5 Coal 
Control: ESP, 81% 

wet FGD 

CrM1� 
Unit 1 5L.. .� Ib/10' Btu SO,: 3.S lb/1t)' Btu SO,: J.S lb/10' Btu SO,: 3.S Ib/1t)' Btu SO,: J.5 Ib/1t)' Btu 

T5P: 0.02 gr/SCfD T5P: 0.03 grl5CfD TSP: O.OJ gr/SCfD T5P: 0.03 gr/SCfD T5p· 0.03 gr/5CfD 
fuel: 1.0% 5 Oil fuel: 10% RDf/9O% fuel: 10% RDf/9Q% fuel: 10% RDf/9O% fuel: 10% RDfj9O'Ji, 

Coal Coal Coal Coal 
O. ' " SlRDfl O. ' " SlRDfl O. ' " SlRDfI O. '" SlRDf'1 
2.2" 5 COdI 2.2" 5 Coal 2.2" 5 CuI 2.2" 5 Coal 

Control: Baghouse Control: Baghouse Control: Baghouse CC'ntrol: Baghouse 

Un;t 2 s..me as Unit 1 50,: J. � Ib/10' IItu SO,: J.5 Ib/10' Btu �O,: J.5 Ib/10' Btu 50,: 3. S lb/1t)' Btu 
T5P: O.OJ gr/SCfD T5P: 0.03 gr/SCfD T5P: O.OJ gr/5CfD T5P: 0.03 gr/SCfD 
fuel: 2.2% 5 Co. I fuel: 2.2% 5 C();II fuel: 2.1% 5 Co.1 fuel: 1.2% 5 Coal 
Control: B.ghouse Control: Baghouse Control: Baghouse Control: Baghouse 

Remuks 1.0% 5 Oil is 16.667 0.76% S Oil is O.n� S Coal is 12,000 2.5% 5 Coal is 12,000 0.72% S Coal is 12,000 
Btu/lb. Brandon 17,500 Btu/lb. RDf is Btullb. RDf is 4500 Btullb. RDf is 4500 Btu/lb. RDf is 
Shores design oil 4S00 Btu/lb. 2.15% 5 Btu/lb. 2.15% 5 and Btu/lb. 2.15% 5 and 4500 Btu/lb. 215% 5 and 

is 18,940 Btu/lb, and 2.2% 5 Coal is 2.2% 5 Coal is 12,500 2.2% 5 Coal is t 2,SCO 2.2% 5 Coal ;s 

0.10% ash, 0.05% 12.500 IItu/lb. Blu/lb. Btu/lb. t2,500 Btu/lb. 

moisture, 0.90 sp. gr. 
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coal-based scenarios, coal is assumed to be delivered by barge to the Brandon Shores Station and by 

rail 10 Ihe Crane Slalion. The scenarios envision disposal of dredge spoils at the Marley Neck disposal 
site north of Brandon Shores. RDF delivery is assumed to be by truck. Offsite ash and/or sludge dis
posal is also by truck. 

Units 1 and 2 at the Crane Generating Station are exempt from the Federal New Source Performance Standards (NSPS) 

because they were operating on cool prior to the effective date of these standards (in 19n). Following the granting by EPA of 

a temporary variance to allow a test burn of several COil Is and RDF. EPA granted BG&es request for a permanent variance to 

allow 50, emissions : 'om Units 1 and 2 up to J.S lblll)' Btu. This variimce allows coal combustion in the cyclone-fired Crime 

boilers. and is thus reflected in the scenarios. 

The Brandon Shores Generating Station is subjed to either the 1971 NSPS or the State of Maryland 
emission limits, whichever are more stringent. For su lfur dioxide (S02) emissions, the Federal NSPS 
for oil (0.8 Ib SOzl10' Btu) and coal (1.2 Ib S02/10' Btu) apply. For TSP, the more stringent State 
standards (0.01 grains/SCFD for oil, 0.03 grains/SCFD for coal) apply. 

In the event that prohibition orders are finalized for either or both of the units at Brandon Shores 
and if the units convert to an alternate fuel, each is exempt from 1979 Federal NSPS regt;! .. tions 
because any conversion to the use (If an alternate fuel is not considered a "major modification". 

2.3.3 Desuiption of XenMios 

Five scenarios were selected Tor detailed analysis (Table 21). 

Scenario 1 represents \he base case alternative against which the impads of conversion are com
pared. In this scenario, it is assumed that the four units burn oil to meet applicable emission limits. 
For the Brandon Shores station, this m�ans that although oil has a low ash and particulate content, 
electrostatic precipitators must be used to meet Maryland St,lte TSP limits. The assumption of oil use in 
the absence of a Prohibition Order, however, makes the analysis of the effects of a Prohibition Order 
more conservative. That is, th is analysis tends to overestimate the effects of the Prohibition Order 
because a base case on oil i rlvolves smaller baseline emissions than a base case on coal. 

Scen",,:, 2 represents th� situation if no Federal Adion occurs (i.e., if the: Prohibition Order is not 
perko: ·· d). This scenar\) is based on using oil to operate Brandon Shores ancf converting Crane Unit 1 to 

use cval and RDF and Unit :; to use coa;. 

The combustion of RDF is worth examining bec;;iJse it has the potential for relieving problems that may occur with the dis

posal of ,..unidpal solid waste, and it allows the use of slightly higher-sulfur coals. Based on DOes internal engineering ana

lyses. a 10% "DF mix was judged to oe comistent with the potential aViii/ability of the fuel in the Baltimore area. Potential 

problems with corros1on, degradation of ESP performance. storage, and derating of the units led to the establishment of a 

10% upper limit on RDF. 

Scenario 3 addresses the conversion of all four units to coal combustion such that no flue gas desul
fud.lation (FGD) equ ipment would be needed. The u n its at Brandon Shores would burn coal in 
compliance with currently applicable air-quality standards. The Crane units would burn coal iind RDF and 

coal in compliance with a SIP revision aI/owing the use of coal compatiole with the existing boilf' -his scenario is that 
anticipated to occur if the Proh ibition Order is finalized. 

2.3 
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Scenario 4 envisions the conversion of the Brandon Shores unit to coal use such that t he emission 
limits applicable to oil use would be met. This would require the use of an fGD system. The Cr�ne 

units would con verI 10 coal and ':Df ... ,d coal. This scenario is that which would most probably occur shou1ri 
the Prohibitbn Order not be final ized and the utility choose to operate on coal subject to the 1979 
NSPS. 

Scenario 5 is a modified coal-conversion scenario in which the S02 emissions at Brandon Shores 
vary between u nits. This would involve using FGD on one unit. This scenario might be realized if 
problems occurred in meeting Prevention of Sign ificant Deterioration (PSO) requirements without 
the use of FGD. This scenario was suggested by the State of Maryland (a) as a possible coal conver
sion alternative. Crane Units 1 & 2 would convert to coal with RDF and coal. respc-:lively. 

From the standpoint of potential environmental impacts, Scenario 1 (the baseline alternative) has 
the least potential for affeding air, water, and land resources. To the extent that coal (and RDF) dis
places oil use in the other scenarios, however, the issuance of Prohibition Orders has a positive 
effect on the human environment. Among the conversion scenarios, Scenario 3 would be the most 
preferable scenario with regard to air quality and solid W<lste. A more detailed comparison of 
potential impacts is given in Section 2.4. 

Several additional fuel conversion options were considered and dismissed because their a nalysis 
would not add substantially to the evaluation of e nvironmental impacts of fuel conversion or to the 
seledion of viable fuel alternatives. The impacts that would result from the conversion to these 
fuels would lie within the range of effects accruing under the foregoing scenarios. These options 
include natural gas; washed coal with partial FGD; and fuel mixtures of coal-oil, coal-natura l  gas, 
RDF-oil and R DF-natural gas. Consideration was also given to the USE> of either dry or regenerable 
FGD to control air emissions. 

Rail delivery of coal to the Brandon Shores site is considered, but barge delivery is given primary 
consideration. The layout of the site effedively precludes unit train delivery of coal without break
ing up the trains. Additionally, BG&E has completed dredging and has used the Marley Neck site for 
spoils disposal. Other potential spoils-disposal sites existed, including the Brandon Shores site. 
However, because the Marley Neck site had already been used for dredge spoil disposal and is 
equipped with suitable water-quality protection facilities, and because the site also has disposal 
capacity available to BG&E, it was deemed to be the most reasonable alternative available to BG&E. 

2.4 COMPARISON Of ENVIRONMENTAL IMPACTS IN RELATION TO fUEL SCENARIOS 

Table 2.2 contains a comparative summary of the environmental changes projeded to be associated 
with the various fuel conversion scenarios relative to base case (oil burning) operating conditions at 
the two generating stations. Impads identified in Table 2.2 are the cumulative impacts of each sce
nario. Scen .. rio 2 repre)cnts the conversion of Crane only. Scenarios 3, 4, 5 represent the conwersion of both 
Brandon Shores and Crane (see Table 2.1). To identify effects of conversion of Brandon Shores alone, 
subtract the effects of Scenario 2 from those of 3, 4 or 5, respedively. ln some instances (dredging of 
the proposed barge channel, for example), the projeded impads do not vary among conversion 
scenarios, but are simply a result of coal use by the stations. The table is further described in this 
sedion. 

(a) letter from Stephen M.  long. Md. Powelplant Siting Program. and George Ferreri. Bureau of Air Quality Control. to 
Seven Ferguson. ERA. February 19. 1980. 
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Impact Area 

Air Quality 
Fugitive Dust Emissions 
Construction ( Increase over 
base case) 

Ope .. ation (increase over 
base case) 

Possiblr Violations 

Stack Emissions 
SO, 

NO, 

CO 

Hydrocarbons 

Particulate 
Manu 

Possible Violations 

PSD Consumption 
Combined to All Station� 
(including overlaps) 

land Use a.,u Solid Waste 
COdl Storage 
(78 days at 'OO'X, 
capadty) 

limr\ton(' Stord!ll' 
( .lO-OdY supply) 

R DF Storagr 
(Daily Supply) 

TABU 2.2. Comparison of Environmental Impact of Fuel Conversion Scenarios 

Base Case 
, 

None 

None 

None 

1 . 7  kgls 

0.78 kgls 

63.3 g/s 

1 ' .9 g/s 

85.8 g/� 

Ba,(' Ca�r 

Base Case 
No CO'lsumption of 
in('rem �nt 

fuel Conversion Scenario (Refer to Table 2.1) 

No-Action 
2 

160 Iblday relea�ed 

574 Iblday released 

Utility Preference 
3 

1280 Iblday released 

2363 Iblday released 

Full FGD 
.c 

2640 Iblday released 

n94 lb/day released 

Alternative 

Parti.)1 FGD 
5 

1280 Ib/day released 

2381 Ib/day released 

For all conversion scenarios. ambient air quality would not be significantly affected. 

2.9 kg/s 

1.5 kg/s 

67.3 g/s 

14.8 g/s 

94 g/s 

No consumption of 
intrement for TSP. 
Approximately 25'�, con
sumption of availdble 
increment on an annual 
basis. Approxinately 
83'\, consumpt, , 'n  of 
available SO, increment 
on d J-tlour basis. 

3.5 kg/s J.3 kg/s J. S kg/> 

2.1 kg/s 2. 1 kg/s 2. 1 kg.'s 

79.5 g/s 79.5 g/s 79.5 g/s 

23.8 g/s 23.8 g/s 23.B g/s 

94.0 g/s 94.0 g/s 94.0 g/s 

For all  corversion scenarios, no violations projected 

No consumption of 
increment for TSP. 
Appro,imately 2S'�, 
consuml!tion of avail· 
able SO, increment 
on an annual basis. 
Approximately 97'X. 
consumption of available 
SO, increment on a 
3·holJr basis. 

No consumption of 
increment for TSP. 
Approximately 25'X. 
consumption of avail. 
able SO, incrempnt 
on an annual basis. 
Approximately B3'X. 
consumption on a 
3-tlour basis 

No consumption of TSP 
increment. Approxim�!ely 
}S'X. conmmption of 
available SO, al ,nual PSD 
increment. 75')1'0 consump
tion of 24-tlour incre
ment. and 97'X. 
consumption of 3-tlour 
increment. 

�I''''<I ' .. "' • .• , ( ...... ... ,1.101,· About 32 anrs for bottl About 32 acres for bottl About 32 acres for !)Qttl 
0" .<1,' stations, dVdilable on site stations. availahle on site stations, available fm site 

Non(' 

lrH rh�n 0 7 "{If' for C'4n .. , 
","-.l,I"hlr on \ltf" 

None 

I to" rh,," 0 , H'" 101 C'.lnr, 
4.,,,,I .. hlp ou ",,, 

About 1 .. acres at Bran. About 0.7 acre .. t Brandon 
Jon Shores anll Crane. Shores. avaJ!able on site 
available on site 

if''' ,h .. n 0 , .Ierr lor C'4n .. , 
"v�Jl/ .. blr on " t  .. 

if'U ,h,," D.; .f'� lor C, .. �. 

..v .. iI .. b/� on "h� 
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TABU :U. (Continued) 

Fuel Conver�ion Scenario (Refer to hbl� 2.1 )  
____________________________ i Alternative 

I mpact Areil 

Base Case 
1 

W.,tf' Di'JX)ul 
(fiy ash. bonom a\h.  fGD 
sludge) 

Rate of Generation 267 h i/day 

Lifetime Land Commitment. 
25.foot f i l l  depth 2 acres 

DredKt' �poils No Impact 

Water Quality 
Coal Storage 

Surface Waler Qualily 

Ground.Waler Qualily 

Wasle Disposal 
Surface-Waler Qualily 

Ground.Water QUdlily 

Dr edging 

Dredge Spoils 
Surfdce-WalN Qu.1lily 

Ground.Waler QualilY 

No Impact 

No Impact 

Base Case 

Base Case 

No Imp�('l 

No impacl 

No impacl 

No·Action 
2 

18.400 h I/day 

73 acres 

462.000 yd I-disposal at 
Marley Nee\" Site 

Utility Preference 

3 

60.800 h I/day 

400 acr�s 

462.000 ycl'.dispo\al at 
Marley Neck Sill' 

Full FGD 
4 

95.800'/day 

670 acres 

462.000 yd'·disposal al 

Marley Neck Site 

Pilrt iill FGD 
5 

78.300 h i/day 

� acres 

462.000 yd I·d isposal at 

Marley Neck Site 

No impilct from Brandon I Tht'S{' Cl'nvers,o;1 'Clmarios. lrealed runoff from Brandon Shore, di,�harged 10 

Shores, ,.,,. ( 1 \  fro"' C,,,nr .Iff" Patap\co River ; " f'.'fOd ''''lUll from (', .. m' "1\( h.,,,�1 to �IU'( " tIf s"1r""" ,, ('rr,'. ,.\t" .. ,,,'\ 

rh • •• m • •• k ... .,,,,, 1. 4 .nd ' [ Impacls from discharge of this treated runoff are insignificant. 

No impacl from Brandon I Th('\(' �(Invt'"lol1 ,u·n.lfim. polt'"1MI t'�I'I'. for ,
.
onl.1mln.llion f�om ,,·.lI h.ll(' 

Shores . •  If,," from C'.n' ... from Brandon Shore� '" c •• ",· coal piles. MItigation measures (Impermeable 

Ihf" \.Imr "\ Scrn,"'(H J, " .nd S barriers. underdrains) can minimize potential for contaminat�on. 

No irT.,Jacl from Brandon l Minimal polt'nli.l l  fnr imp.KI for lh,'\" " en.lfim ,ince conlarl limt· of runoff 

Shores. f'ffHh 'rom 0,," .. .I'" with water i� .,hort. 
rhr wmr '" Sc"pn"" m J. of ."tJ s 

No impacl from Brandon l Polt'nlial for impacl amonll ihest' nmve"ion ,cen,)fio\ i, ,mall. <inn' 

Shores, _If"'h foom C'.n. ... B;,hop/McKay disposal site appears 10 have a confining clay I.yef. C,realeM 

,h. ,.me " Seen."", 1. 4 .nli S pOlential for impact i\ wi:h Scenario 4, \ince most waste is generaled under 

lhis scenario. 

No impacl from Brandon \ No projected ('fleet on ambienl qualily of PalapscO River oulside of an 

Shores, ./Io'< h / ... ", ( ..,,,, .". allowed ":,Ixlng lon('. Wllhln lhl! lont'o pollulant concentratiom m�y i ncrease 

lIlt' \,Jtnt' 4' �c t'n.trI'" I, " ,"'(/ S tempor dr i ly . No ,.U .. e I 'rum ( , .. ,It' 

No irnpacl from Brandon I I I  overflow of · edlmenl basin occurs. Slale slandards for dischArge of arsenic 

Shore�, .ff" h fr.,,11 C,.". "' .nd mercury would be e.ceedt-d. 

Ihr 'I"lf' ,,, Sc"rn'fltI' J, " *,1111 5 

No i",pact from Brandon l ,nSignincanl polenlial for impact, since disposal slle Is currenlly used for dl,· 

Shores, .".eII foom Cr.... ... pasal of Baltimore Harbor spoils 

'hI" ume�' Sc"rn .. ,io, 1. " .rlt1 5 
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Impact Area 

Ecology 
Terrestrial Ecology 

ATmo'rheric Emi'siom 

Oi"uption of Habitat 
(Waste Disposal) 

Threatened and 
Endangered Species 

Aquatic Ecology 
Thermal Discharge 

Impi ngement-Entrainment 

Coal Storage 

Wast� Disposal 

Obruption of Habitat 
(DrfOdging) 

�£iuspen,ion of Toxic Con-
taminant in S(.diments 
(Dredging) 

Thre�tenE d and Endansered 
Species 

Noise 
Comtructlof, 

B .. ;e Case 
1 

Small f1l1t('ntiJI for SO, 
damage to �etation 

Up to :: >cres disrupted 
for 35 to 45 years 

No impact 

Base Cale 

Base Case 

No impact 

Base Case 

"10 ir:1pact 

No Impact 

TABLE 2.2. (Continued) 

Fuel Co.wersion Scenario (Refer to Table 2.1) 

No-AcTion 
2 

Utility Preference 
3 

No impact from Brandon Sm�1I potential for SO, 
Shores, 1'IIC'ff\ Irom ("'.111(' ,ff(' damage to vegetation ")(1 \dme .1\ 5cpo.",o) J. 4 JflU 5 

Alterna'.lve 

Full FGD 
4 

Small potential for SO, 
damane to vegetation 

Partial FGD 
5 

Smal .  pot'!ntial for SO, 
damage to 
vegetation 

Up to 73 acres disrupted 
for 35 to 45 yeJ/s 

Up ro 400 acres disrupted Up to 670 acres disrupted Up ta 540 acres disrupted for 35 to 45 years for 35 to 45 ye:.rs for 35 to 45 
No impact No impaa No i"'pat! 

Yl:ars 

No impact 

No impact from Brandon Increase ill capacity factor at Brandon Shores ,n,/ C"np (,11 (onvonion "" nmm) may Shores, plfpc" Imm C,.n,·,," cause minor temporal alld spacial shifts in resident populations; Ihi, 1\ rna .. p,ab •• ,h(' umr .1\ Sn'fI,J"m J. 4 ,JfJd 5 tIl' (or Crane (h,m hr n,.mc/on Shorrs 

No impact from Br.r.don For a l l  conversion scenarios, an increase in loss rates; this is in ,1ificant when S" :>res • •  lfp<l, Imm ,�"np ". compared to t'le ( 1mmercial catch of the ared. rhf" Sdme oJ) Sc('n..,,,o\ 1, 4 .md 5 
No impact from trfOated 
runoff 

No impact from treated 
effluent 

No impact f�'om , ' eated 
runa'f 

No ir�pact from treated 
effluent 

N" impact from treated 
runoff 

No irl1pact from treated 
efflu�nl 

No impact from treated 
runoff 

�Io impact from treated 
effluent 

No impact from Brar,don For all \ onversiO I l  sc�narios, benthic !'abitat would be disr upted (about 70 Shores, .1'PClS !.om C'dnp"p acres) d uring dredging operations. Recolonization would occur within 2 years. rh(' same- ,u Scl'nirim J. 4 .md 5 

No impact from Brandon For all conversion S'·:':lIur.05, potential exis!< for a transient toxicity hazard due 
Shores, .If,'"" (,om C"n.". to resuspension ard resolubi/izati"n. This impact is nat'Jrally mitigat(.rl by dHu
rh,. 5.J",� rJ Sc('noJrios J, 4,md 5 tion and resettiing. 

No impact from Brandon "10 Impact 
Shorf;';, rff�clf from Criln(" .'. 

the s.Jme as Scen�rim .. , <4 oil, � 

No I m pact No Impact 

ilase Case No Impact from ArJnC;on Increases may Occur, but 
Shores, .floc" I",, , C .. nr ... no violalbn of slJndards 
'he S,ime ,iS 5("('n�ri(l\ J, .' md 5 projedcd 

Increases may C�·.ur, but 
n" violation of standards 
projected. 

Increases may occur, but 110 violation of standards 
projected. 

1 
. 1  
) 1  
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1 1 II1I.lI t Alt'" 

Operation 
D.lytlmc 

Ni!\httlme 

Socioe('onomic 
Employment 

Construction 

Operation 

Community Impacts 
Transportation 

Aesthetics 

Archeological/Historical 

No Int;rease In impact 

Energy/FGD Reagent 
Oil Use Displacement 

Coal Consumption 
(100% c.lpacity) 
RDF Consumpllon 

(100% cap.cI'y) 

Limestone Requirements 
(78 wt'X, CaCO,) 

Base Case 
1 

Base Case 

Base Case 

No Impact 

Base Case 

Base Case 

Base Case 

None 

TABLE 2.2. (Continued) 

Fuel Conversion Scenario (Refer to Table 2.1) 
Alternative 

No-Action 
2 

Utility Preference 
3 

Full FGD 
4 

No impact from Brandon 'ur .. 11 (()IIV('f\jOtl \(('n.tlm. C,.nt' molY t'H t'I'cI ,',Wil.UI" 

Short'\, .. rt,,( h t'HlII n .. tn· 4U' 

Partial FGD 
5 

Ihf' ),1mp h xeon.arios J • ., .nd .5 

No impact from Brandon For all conversion scenarios, C,."r and Brandon Shores may exceed standard •. 

Snores. roff,"cU (teI"1 C,.WI" Iff' 

t/u.' ,ame .as Scf'n.arim J . .f "nd S 

Insignificant increase 
(30 to 60 jobs) 

Insignificant increase 
(about 3S jobs) 

Insignificant I,",crease 

(60 to 120 jobs) 

Insignificant Increase 

(about 65 jobs) 

Insignificant Increase 
(60 to 120 jobs) 

Insignificant Increase 
(about 90 jobs) 

Insignificant Increase 

(60 to 120 jobs) 

Inslgniflcam Increase 
(about 90 jobs) 

No impact from Brandon For all scenarios, minor traffic increases will occur from fuel. solid waste. and 

Shores, rlfpr" fmm c,.". II. �GD reagent tral lsport. Scenario 4 will cause the largest increases In local traf-

thE' , .. mp I) Sceon.ar;m J • ., Iud S fie volume. 

No increase in impact No increase In Impact 

No increase in impact 

About 11 .000 bbl/day. About 39.000 bbl/day 

Continued use of 26,000 
bbl/day 

No increase in impact 

No increase in impact 

About 39,000 bbl/day 

No I n crease I n  I mpact 

No I ncrease I n  I mpact 

A b o u t  39.000 b� l /d . y  

About 660 tom/hr 
None (-1 50,000 gal/hr oil 139/tons/hr 
use) 

About 6-40 tons/hr 

.bout 4' . .Jns/hr 

About 650 tons/hr 

.bout 4J fOns/�" .. bOll' 4J lont/hr 

Nonf' 
Ibollt of] lomll" 

None None None 1 270 tons/day 635 ,o"./d.y 
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2.4.1 Air Quardy 
The air-quality impacts described i n  detail i n  Section 4.1 a nd Appendix H are compared by scenario 
in this section. National Ambient Air  QualifY Standards (NAAQS) a nd Prevention of Significant 
Deterioration (PSD) regulations provide a framework for comparison of impacts. 

Estimates of maximum concentrations of atmospheric pollutants and p rojections of consumption 01 
PSD increments are related (but different) measures of local air quality. The former estimates the 
total impact of all activities in the region (i.e., including ambient concentrations as weli as the pro
posed actions), whereas the latter represents the change i n  air quality over previous operations. 
A lso, the basis for computing maximum concentrations and PSD differs in several ways. (Appendix 
H describes these differences in more detail.) 

An atmospheric dispersion model (CRSTER) was used to compute groun d-level pollutant concen
trations resu lting from stack emissions. The model used was developed and approved for relevant 
applications by the U.S. Environmental Protection Agency. 

The modeling strategy used in this EIS includes, by necessity, certain approximations that were 
made to err on the conservative side (Le., to predict atmospheric concentrations of pollutants on 
the high side). An example of one s uch conservative approximation includes taking the highest 
ambient concentration of pollutant that was measured as background for a l l  conditions. Correlating 
actual background concentrations with meteorological conditions woul d  reduce !he computed 
maximum concentrations. 

Fugitive Dust 

large uncertainties in the fugitive-dust-emission source terms made detailed modeling of little 
practical use. A scree�ing model was used to provide conservative estimates of the range of maxi
mum increases in fugitive dust for the scenarios based on conventional coal-handling and -storage 
methods. Recent studies of the fugitive-dust air-quality impacts from coal conversions at Brandon 
Shores and at Crane provide more detailed estimates of potential impacts both for conventional and 
improved onsite fugitive-dust emission controls. A comparison of fugitive emissions with respect to 
the fuel scenarios (Table 2.3) shows that although the amou nt of material released d uring construc
tion activities varies, emissions from routine operations using conventional  coal-handling and 

TABLE 2.3. Summary of Increases in Particulate Fugitive Emissions at 
Brandon Shores and Crane (a) 

To�1 Emission Rate(a) 

Scenario 

2 3 4 5 

Brandon Shores 
Construction 1 ,1 20 2,480 1,120 1 ,840 
Operation(b) 1 ,789 1)120 1 ,807 1,814 

Crane 
Construction 160 1110 160 160 
Operation(b) 579 574 574 574 

(a) I ncrease over the base case (oi l-combustion) scenario (Scenario 1) in 
pounds of dust per day, based on data in Table H.18. These are estimates 
used as input to the screening model. 
(b) New emissions. no existing coal·handling operations omite. 
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-storage methods are nearly scenario-indep.!ndent. Consauction-related fugitive emissions are 

greatest for Scenario 4, in  which both of the generating stations are converted to coal and both 

units at Brandon Shores use FGD. 

NAAQS and PSD regulations apply to fugitive dust emissions generated during routine operation. 

Brandon Shores is projected to have the larger 24-hour TSP values; the estimated maximum 24-hour TSP 

values at Crane �re less tmn one half of those at Brandon Shores. Only very small differences exist between the 

scenarios. These reflect differences in operations such as ash handling (see Appendix H). 

Fugitive-dust emissions and resultant impacts for the conversion of Brandon Shores U nits 1 and 2 

(Environ plan 1980a) and Crane Units 1 and 1 (Environplan 1 980b) were modeled using the EPA Industrial 

Source Complex (ISC) model. These results show that conventional particulate-control methods 

would result in computed TSP values in excess of permissible values. The Environplan studies also 

computed the emissions expected if an improved level of fugitive emission controls was used; this 

study projected compliance both in the attainment and non-attainment areas in this region for both 

annual and 24-hour TSP values. The maximum fenceline impacts at Brandon Shores were less than 

the de minimis values. 

Based on these results, the fugitive-dust �missions are projected to comply with TSP regulations for 

all scenarios at all sites, provided that adequate controls are adopted at each station; l ittle differ

ence exists between the scenarios in this regard. The overlap of fugitive emissions does not con

tribute significantly to TSP concentrations. Even in the case of the adjacent Brandon Shores and 

Wagner stations, overlap of new fugitive emissions from Brandon Shores with those from exist ing 

operations at  Wagner is projected to be small. I n  addition, the fugitive TSP emissions originat ing 

from current operations at Wagner could be reduced by changing fugitive-emission control 

operations and/or equipment sufficiently to offset any combined i ncreases resulting from 

conversion cf Brandon Shores. 

fugitive emissions resulting from conversion of lInit l at Crane to RDf/coal would be minor. The RDf in the form of fll'ff or 

pellets would be transported in covered trucks to minimize fugitive emissions during shipment. Most of the fugitive emis

sions in the RDf-related scenarios woulJ result from the construction work needed to convert the boilers to RDf-firing 

capability. 

Stack Emissions 

Sulfur dioxide (502)' total suspended particulates (TSP), nitrogen dioxide (N02), and small amounts 

of carbon monoxide (CO) and hydrocarbons (HC) are combustion products of i nterest from an  air

quality perspective. The discussion of air-quality i mpacts by scenario includes both separate station 

and combined-station values. 

Although the values reported here were obtained by detailed modeling using an EPA-approved 

model, values meeting NAAQS in these tables do not necessarily imply that air-quality standards 

would be met if the units convert according to a particular scenario. Additional assumptions or 

models could result in different results. A uniform modeling approach is used here to illustrate the 

relative air-quality impacts. The NAAQS are provided as benchmarks against which to measure the 

impacts. 

The total stack emissions from each conversion scenario for 502, N02, CO, hydrocarbons, and 

particulates (Table 2.4) are all equal to or greater thar the baseline scenario (Scenario 1). All 

conversion scenarios have predicted concentrations of air pollutants values which fall in  a narrow 

range all values of which lie below applicable NAAQS. 
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TABLE 2;4. Comparison of Total Stack Emissions by Scenario from the Brandon Shores oMld Crane 
Generating Stations 

Emission Rate (g/s) (except where noted) 

Scenario 

Emissions 1 2 3 .. 5 

502 1 .8 kg/s 29 kg/s 3.5 kgls 29 kg/s 3.S kg/s 

N02 0.78 kg/s 1.5 kgls 2.1 kg/s 21 kgls 21 kg/s 
CO 63.3 67.3 79.5 79.S 795 
Hydrocarbons 11 .9  14.8 23.8 23.8 23.8 

Particulates 85.8 94.0 94.0 94.0 94.0 

The relative compliance of the scenarios with respect to stack emissions are summarized in Tables 
2.5, 2.6 and 2.7. The results for each station for each scenario are ranked for each poIluttant-time 
period on a scale of 1 to 6; 1, 2, and 3 are acceptable (Le., resulting in poll utant concentrations 
smaller than NAAQS) and 4 and 5 fai l  to meet the NAAQS in this computation. No viofQtions of 
applicable standards were predicted. 

Increases in NOx emissions above those of the "no-action" scenario are predicted for iillI 
conversion scenclrios. Annual maximum NOx concentrations show litt le  variation amomg scenarios 
and are projected to be in compliance with the standards for all scenarios. The increased emissions 
of NOx may lead to increased formation of photochemica l oxidan ts and the t!"ansformdltion of NOx 
to acidic compounds. This could result in possible long-range impacts, perhaps to human health. 
Ozone and other photochem;;::al oxidants are formed by photochemical reactions vnong emitted 
pollutants. For instance, hydrocarbons and NOx are precursors for ozone formation. 

All scenarios except the baseline scenario result in increased emissions of hydrocarbons and carbon 
monoxide. It is not possible to distinguish among scenarios on the basis of ir.r ,eases in iiltmospheric 
carbon monoxide and hydrocarbon concentration . Based on extrapolations of the pr-edicted 
maximum concentrations of the other criteria pollutants, the NAAQS for these criteria pollutants in 
any scenario would not be violated. 

Prevention of Significant Deterioration (PSD) Increment Consumption 

PSD increment consumptions were computed using Good Engineering Practice (GEl') srA3ck height 
(187 m) at Brandon Shores. Table 2.8 shows a summary of these results by scenario. 8eQIIIUse the 
overlap in plumes between Brandon Shores and Crane is not significant, the consumption of PSD by a 
combined conversion would be the same as the individual conversions. Of the conversion 
scenarios, only Scenario 4 does not consume nearly a l l  of the available S02 increment. S.cenarios 2, 
4, and 5 are nearly indistinguishable and consume marginally less than 1 00% of the avaH�ble 3-hour 
increment for S02. All of the conversion scenarios show 'lp!Jreciable consumption of the 3-hour 
and 24-hour S02 increments. Only Scenario 4 has extremes of 3-hour S02 increment cornsumption. 
Scenario 3 conSU 'l1es the least increment. 
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TABLE 2.S. Summary of Maximum Computed Pollutant Concentrations of 502 and TSP for Scenarios 1, 2 and 3(a) 

SOl 

Second 

Station(b) 
Highest High Highest 

Scenario Annual 24-hour 24-hour 3-hour 

B 29 164 153  538 

c 12 182 161 �J 

2 B 30 21B 200 101B 

c 27 3J9 237 1547 

3 B 30 217 186 930 

c 14 128 186 828 

(a) Entries are in pg/m'. See Section 4.1 and Appendix H for origins of these numbers. 

(b) B = Brandon Shores Units 1 and 2; c ·  C"ne Unl" , .nd 2. 

(c) Computed change is less than de m;n;m;5 values. 

TSP 

Second Second 

High Highest High Highest 24-hour Change 

3-hour Annual 24-hour 24-hour  in Non-Attainment Area 

496 69 217 216 (c) 

<56 57 148 147 te) 

B74 69 21B 217 (c) 

883 57 148 147 te) 

731 69 219 218 (c) 

602 57 150 149 tel 

TABLE 2.6. Summary of Maximum Computed Pollutan- Concentrations of S02 and TSP for Scenarios 4, and s(a) 

SOl 

Second 

Station (b) 
Highest High Highest 

Scenario Annual 24-hour 24-hour 3-hour 

4 B 30 218 200 1018 

c 17 339 237 1547 

5 B 30 209 193 943 
J, lIft 191 958 

(a ) El1tries are in tlg/ml. See Sect ion 4.1 and Appendix  H fot orlgln� of Ihe�e number\. 
(b) B • Brandon Shores Units 1 and 2; c ·  C,.n< lin'" , .",1 2. 

(C) Computed change is less than de /T';n;m;5 values. 

TSP 

Second Second 

High Highest High Highest 24-hour Change 

3-hour Annual 24-hour 24-hour in Non-Attainment Area 
--

874 69(c) 218 217 (c) 

883 5]1el 148 147 te) 

803 69{c) 218 218 (c) 

702 s]le) 150 '49 te) 

wm"M" .... "' ...... �"'"'-':.WI ____ -' ... -.- .... �"' • • • • 



TABLE 2.7. Comparisons of Compliance with Standards for 502, TSP, and No.(a) 

Scenario 

Station and Standard 2 3 4 5 Rating Scale Used in Table: 
- - -- --

Brandon Shores 1 2 2 2 1 = Acceptable: computed value is less than 
SOl-Annual 2 2 2 2 de minimis 
24-Hour 2 2 2 2 2 = Acceptable: computed concentrations do not 

3-Hour 2 2 2 2 exceed NAAQS 
TSP-Annual 1 1 1 1 

24-Hour 1 1 1 1 
NOx-Annu al 2 2 2 2 

Crane 
SOrAnnual 2 2 2 2 

24-Hour 2 2 2 2 
3-Hour 2 2 2 2 

TSP-Annual 1 
NOx-Annual 2 2 2 2 

(a) Based on results in Tables 4.6 to 4_9 and H.13. 

TABLE 2.8. Summary of PSD Consumption by Scenarios(a) 

Scenario Available PSD 
Station 2 3 4 5 Increment 

Combined (b) 

SOl-Annual 5 5 2 5 
24-Hour 68 63 37 63 

3-Hour 426 496 265 496 

Brandon Shores 
SOl-Annual 0 2 2 2 

24-Hour 0 63 47 63 
3-Hour 0 496 353 496 

TSP-Annual 0 0 0 0 
24-Hour 0 0 0 0 

Crane 
SOrAnnual S S ib) 5 

24-Hour 68 68 3;(b) 68 

3-Hour 426 426(b) 265(b) 416 
TSP-AnnuaJ 0 0 0 0 

24-Hour 0 0 0 0 

(a) Entr ies in pg/m3; see Section 4.1 and Appendi:: H for additional 
details. Calculatiom with the exception of (b) are based on 1 964-1968 
data. 

(b) Based on 1964 data only. 
(c) less than this is avai lable in areas adjacent to TSP non-attainment 

areas. 
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2.4.2 land Use and SolId Waste 

Coal, Umestone, and RDF Storage 

The conversion of Brandon Shores to coal ;and Cr;ane to coal ;and co�I/RDf mixture under Scenarios 3, 4, 
and 5, or only converting Cr;ane 10 coal ;and coal/RDf under ScerHIrio 2 would require the establishment or 
readivation of coal piles at these sites� The s·

izes of the coal piles at the stations would not vary 
substantially among the scenarios. The piles would cover about 13 acres at Brandon Shores �nd 
3.2 ¥:res �t Cnne. The coal-pile runoff treatment facilities would be located on the stations' grounds; 
additional land would not be required. The I�nd previously used for coal Slor<lge ;aI'Cr;ane would �B;ain be used for 
this purpose. A new coal pile could be established at Brandon Shores. 

Under Scenarios 4 and 5, l imestone would be stored onsite at Brandon Shores. For Scenario 4, 
about 1 .4 acres (at a 2O-foot height of 78 wt% CaCOl limestone) would be required for limestone 
storage at Brandon Shores. For Scenario 5, about 0.7 acres would be required for Brandon Shores. 
No offsite land would be reqUired for this amount of storage capacity. 

Refuse-derived fuel would be shipped d;aily 10 Cr�ne since RDf tends 10 sell Ie and become comp<lcted when Slored. The 
�mounls of RDf required under Scen;arios 2, 3, 4, and 5 could be stored onsile �I Cr;ane, wilh no offsile land required. 

Combustion Ash Uld fGD-SIudge Storase and Disposal 

The quantities of fly ash, bottom ash, and FGD sludge produced depend on the type of fuel burned, 
the configuration of the boiler, the particulate and sulfur dioxide emission-control technology 
used, the degree of sulfur dioxide and particulate-��moval, and the method of treatment of the 
wastes. Ash contents of various fuels were taken to be 15% for coal, 10% for refuse-derived fuel (RDf), and 
0.10% for oil. For purp�es of estimating the impacts of solid waste, particulate-removal equipment 
was taken to be 100% effective. In those scenarios incorporating FGD (Scenarios 4 and 5), a wet
l imestone FGD system was incorporated into the scenarios. Wet-limestone systems are the most 
technically feasible FGD systems and provide a worst-case situation with respect to sludge 
generation. 

The quantity of solid waste produced (Table 2.9) when coal is burned by all four units is much 
greater than when oil is burned (Scenario 1).  When coal is burned. about 32,000 ftl/day of fly ash 
and 29,000 ftl/day of bottom ash is produced at full load for all units. About 1 7,000 ft3/day of 
oxidized, high-calcium limestone FGD sludge would be produced under Scenario 5 and about 

TABLE 2.9. Estimated Production of Solid Waste(a) at BG&E Stations Under Different Fuel 
Use Scenarios, Ft3IDay 

Fuel Use Scenario 1 2 3 4 5 

Brandon Shores 1 90 90 21,300 38,800 21,300 

Brandon Shores 2 90 90 21,300 38,800 38,800 

Cr�ne 1 44 9,200 9,200 9,200 9,200 
Cr�ne 2 4� 9,000 9,000 9,000 9,000 

TOTAL 267 18,400 60,800 95,800 78,300 

(a) S0lid waste figures are the sum of fly ash from Table 4.20, bottom ash from Table 4.21, 
and high calcium, oxidized FGD sludge from Table 4.22. 
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34,000 ftl/day under Scenario 4. Thus, the greatest a mount of solid waste is produced under 
Scenario 4. At full capacity, this waste would occupy approximately 6 acres/yr to a depth of 25 feet 
in Scenario 2; 32 acres/yr in Scenario 3; 26 acres/yr in Scenario 4; and 27 acres/yr in Scenario 5. 

BG&E has investigated a wooded area across Fort Smallwood Road from the Brandon Shores gener
ating stat ion-the Bishop and McKay properties-wh ich will be used for disposal of solid waste 
from Brandon Shores and Wagner. Selection of th is site would minimize environmental impads 
from t ra nsportation. Only a small portion (about 2%) of the site is flood plain or wetland and would 
not be used for waste disposal as the State of Maryland is committed to protecting th is resource. 
The soil is stable and is u ndcrli'in by a ddy layer, which appears to be continuou;. The disposal area 
would have to be designed to prevent contamination of surface water by runoff and to prevent 
contamination of ground water by leachate. The Bishop and McKay site could contain 7 to 10 years 
produ ction of the combined so lid waste from the  B randon Shores and Wagner BG&E u nits. Addi
tional disposal area would be required for the remaining l ife of these stations. BG&f ha� designated a site 

at Rossville for the disposal of c.P. Crane waste. 

Dredge-Spoil Storage and Disposal 

Transporting coal by barge to the Brandon Shores generating station necessitates dredging of the 
Patapsco River estuary, to dear a channel to the coal-un loading station. BG&E estimates that 
approximately 462,000 cubic yards of dredge spoils were removed and placed i n  a d isposal site. The 
soils were disposed of at an SO-acre site on Marley Neck, one mile north of the gener?tin g  stat ion. 
The site, which has been used previously to dispose of Baltimore Harbor d redge spoils, has con
tain ment dikes on the east, north, and south sides, 311 of which are currently bein g  enlarged. When 
dike construction is completed, the Marley Neck site will have a total available capacity of  1.1 mil
lion cubic yards. The possible impacts associated with dredge spoil storage and disposal are com
mon to Scenarios 3, 4, and 5. 

The overall land-use i mpacts of dredge spoil disposal at Marley Neck are projected to be negligible. 
A wetland area does exist to the west of the site. However, disposal of the BG&E spoils did not 
requ ire the use of th is wetland. Most of the surrounding land is :wned for heavy industrial use. The 
u lt imate use of the disposal area depcnds 0 10  th�  struct ural stability and chemical quality of  the 
dredge spoils. The site may u lt imately be used for construction of a port facility by Chessie 
Resources, Inc., which is the parent company 01 the owner of  the site, Marley Neck Patapsco 
Company. (a) 

2.4.3 Water Quality 

Runoff and Leachate from Stored Coal 

The q uant ity of coal-pile runoff generated depends on the area of the coal pile and the amount and 
d uration of precipitation. Yearly quo::nt it ies of coal-pile runoff proj�ded for Brandon Shores and 

Cran e  a re given in Table 2.10. Since the coal piles for the stat ions do not vary in size among the con
version scenarios, these figures are applicable to all the scenarios. 

Because coal-pile runoff typically has a low pH and contains large amounts of trace metals, some 
treatment i s  usually requi red to meet effluent l imitations specified by the National Pollu t ion Dis
charge El imination System (NPDES) regu lations. According to the EPA regulations (40 CFR 423), 
effluent from precipitation greater than the 24-hour, lD-year rainfall event may be d ischarged with
out treatment. EPA regulat ions a re summarized in  Table 2.11 .  

(a) letter from C�e;sie Resources, Inc., t o  William K. Hellman dated J u l v  1 7, 1979. leller is reproduced in USDOT IMDT (1 979). 
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TABLE 2.10. Estimated Yearly Volumes of 
Coal-Pile Runoff 

plant 

B randon Shores 1 and 2 

Crane 1 and 2 

Runoff, gal 

10,300,000 

2,500,000 

TABLE 2. 11. Effluent G u idelines on 
Discharge of Treated Coal-Pile Runoff(a) 

Parameter Concentration 

pH (u nits) 

TSS (ppm) 

---

(a) Sou rce: 40 CfR 423. 

6.0 - 9.0 

50 

Treated coal-pile runoff is generally of good quality, meaning that it would present minimal water
quality i mpacts if discharged into a waterbody. In a worst-case situation, water percolating through 
the coal pile into the underlying soil would have the same high acidity and metals content as the 
untreated su rface ru noff. This infiltrating coal-pile runoff could contaminate underlying ground 
water. The presence of impermeable clay strata would effectively isolate coal-pile runoff from 
underlying ground water. 

Analysis of the soil profiles beneath the expected location of the Brandon Shores and Crane coal piles 
shows that relatively permeable sandy material would separate the coal pi les from the water table. 
Therefore, BG&E has committed to i nstall i mpermeable liners beneath the Brandon Shores and Crane 
coal piles to prevent possible ground-water contamination. 

Scenarios 4, and 5 call for the conversion of the BG&E generati l lg stations to relatively high-sulfu r 
coal, and would generally result in u ntreated coal-pile ru noff of the poorest quality. 

A poorer quality, untreated runof: , .... ould generally increase any potential ground-water contamina
tion under the coal pile and wJuld generally result in the prod uction of more sludge in coal-pile 
treat ment facilities. However, the quality of treated runoff would remain unchanged. 

Runoff and Leachates from Stored Ash and Flue-Gas Desulfurization (FGD) Sludge 

Pollutants contained in ash (and fGD sludge in Scenarios 4 and 5) m ay be released to the environ
ment through ru noff or by leaching from solid-waste ponds or landfills. The major environ mental 
concern is trace metal constituents of the ash and sludge. Trace-metal concentrations in runoff a re 
projected to be negligible because of the minimal water-contact t ime (Coltharp et al. 1979); trace 
mete:! concentrations in leachate could be m uch higher. Ranges of trace metal concentrations in 
ash and sludge l iqu ids are compared in Table 2.12 with water-quality standards. Although, t race 
elements in leachate co'Jld exceed Federal Drinking Water Standards, none of the trace elements 
exceed the Resource Conservation a nd Recovery Act (RCRA) standards for leachates fro m  solid or 
hazardous wastes. The RCRA standards for leachate from solid waste are less stringent than the 
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TABLE 2.12. Comparison of Ranges of Elemental Concentrations in Various liquid Wastes with 
Water-Quality Standards (all values in ppm) 

Treated EPA Interim 
flyash Bottom Ash Sludge Sludge Primary Drinkinl 

Element Pond Pond Leachate Leachate Water Standards , 

Arsenic (As) 0.005 - 0.023 0.002 - 0.015 0.006 - 0.30 0.006 - O.05IC' 0.05 

Barium (Ba) 0.2 - 0.40 0.1 - 3.0 0.002 - 2.00 0.3 _ ;zIe' 1.0 
Boron (B) 1.00 - 24.6 1.00 - 24.60 0.22 - 40.00 0.5 _ 1 .31d, 0.751e' 
Cadmium (Cd) 0.023 - 0.052 0.001 - 0.085 0.0005 - 0.047 0.D1 - 0.03 0.01 0 

Chromium (Cr) 0.012 - 0.17 0.005 - 0.023 0.001 - 0.25 0.02 - 0.05 (1.05 
Copper (Cu) 0.16 - 0.45 0.01 - 0.14 0.002 - 0.56 0.02 - 0.10 111, 

F luorine (F) 1.00 - 1 4.65 0.005 - ;zIs) 0.05 - 1 .75,d, 1.4 - 2.4 
Lead (Pb) 0.01 - 0.20 0.01 - 0.08 0.003 - 0.039 0.05 0.05 
Mercury (Hg) 0.002 - 0.0006 0.0002 - 0.006 0.0004 - 0.07 0.0015 - 0.006 0.002 
Nickel (Ni) 0.06 - 0.13 0.15 - 0.20 0.015 - 0.05 0.15 
Selenium (Se) 0.001 - 0.004 0.001 - 0.05 0.0005 - 0.54 0.04 _ O.ogId) 0.01 

Silver (Ag) 0.01 - 0.01 0.05 0.036 - o.oJ61d'0.010 - 0.012'<1) 0.05 
Vanadium (V) NA,h) 0.02 0.1 - 0.20 0.08 _ O.2gld) 10.()Ie) 
Zinc (Zn) 1.1 - 2.7 0.02 - 0.16 0.01 - 4.20 0.01 - 0.02 5(1) 

Source: Hart and Delaney 1976, except where noted. 
(a) RCRA standards are defined to be 1iiO times greater than the primary drinking water standards. 
(b) Knight et al. 1 980. 
(c) 'iolland et al 1975 (p. 21 ) .  
(d) Coltharp et al.  1 979 (p. 6-76). 
(e) Irrigation Standards. 
(f) Proposed Secondary Drinking Water Standards. 
(g) jones and Schwitzgebel 1976 (p. 1 2, Shawnee and Four Corners sludge). 
(h) NA = Not available. 
(i) - = Not applicable. 

RCRA'" 
Standards 

5.0 

100.0 

_(i) 

1.0 

5.0 

5.0 

0.2 

1 .0 

5.0 

Drinking Water Standards because d i lution and soil attenuation in a properly designed and oper
ated landfill should reduce trace element concentrations. 

Variations in the coal, the waste, and the landfill soils and hydrogeology make it  impossible to pre
dict the exact composition and quantit ies of the leachate. Holland et al .  (1975) found that trace 
metal constituents of ash and FGD sludge were attenuated by soil systems. Boron, chromium, 
fluoride, and selenium were most mobile and therefore were most likely to cause ground-water 
contamination. E'lvironmental impacts should be minimized by selection and engineering design of 
the disposal site. 

The maximum amount of solid waste (95,800 ftl/day) is produced under Scenario 4 (Table 2.9). This 
scenario would have the greatest potential for impacts on surface and ground water. BG&E is plan
ning to use a wooded area across Fort Smallwood Road from the Brandon Shores Generating Sta
tion as a solid-waste disposal site. The site is underlain by a clay layer, which appeJ,s to be 
continuous. If the layer is continuous, it would protect ground water. Otherwise, a clay or synthetic 
liner would have to be added. Ru noff from the site flows into the Patapsco River estuary via Bishop 
and Cox Creeks. The runoff would have to be diverted from solid-waste disposal areas. 
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Dredsfns and Dredge Spoils Disposal 

With any of the conversion scenarios (Scenarios 3, 4, and 5) for Brandon Shores generating station, 
the transport of coal to the station by barge would require the dredging of a channel from the exist
ing coal-unloading facility at Wagner generating station. Approximately 462,000 yd3 of dredged sedi
ment was removed during the seven-to-nine-month dredging operation (completed in March 1982) 
and subsequently placed in an upland disposal site on Marley Neck. There is no discernible differ
ence in impacts between scenarios involving conversion . .. II scenarios involving conversion of 
Brandon Shores result in  impacts relative to the no-action scenario and the baseline scenarios. For 
the baseline scenario (Scenario 1) and the no-action scenario (Scenario 2) , no dredging is required. 

Dredging Impacts 

Clamshell dredging was the method preferred by the utility for d redging the barge channel.  This 
technique typically produces a smaller voll'.me of d redge spoil than the hydrau lic d redging tech
nique, because less water is removed along with the sediments. However, the clamshell process 
creates greater amounts of turbidity in the area being dredged than does the hydraulic d redging 
process. 

Within the turbid plume created by dredging operations, the concentration of suspended solids is 
estimated to exceed 250 mg/l for a distance of up to 240 m from the dredging operation,  a nd to 
exceed 80 mg/l for a distance of 700 m (EA 1980a). The estimated dimensions of turbid water plu me 
containing 80 mg/l suspended solids do not exceed EPA sta ndards which state that no more than 
10% of the cross-sectional area of an estuary can be included in the turbidity plume and a n  area 
contiguous to the plume (mixing lone) where water quality standards are exceeded (EPA 1976). 

Within the turbid plume of suspended sediments, pollutant concentrations may increase temporar
ily over the ambient levels. This increase is a result of both the suspension of pollutanls present in 
the sediment, and the dissolution of sed iment-bound contaminants. The dissolved oxygen content 
of t he water within the plume may also temporarily decline as a result of reaction with sulfur, iron, 
or manganese compounds in the suspended sediments. 

The cadmium and mercury concentrations at the edge of the mixing zonE', 2300 ft (700 meters) from 
the dredging operation, cOlold exceed EPA water quality criteria for both fresh and marine water. 
However, the predicted concentrations are similar to the present ambient quality of the Patapsco 
River near Brandon Shores. With the addition of sediment from dredging, the dissolved oxygen 
content of the river water is still projected to meet EPA water quality criteria for both fresh and 
marine waters. Therefore, the dredging of the barge channel is not projected to have affected the 
ambient Guality of the Patapsco River estuary outside of the allowed mixing zone. 

Dredge-Spoils Disposal Impacts 

Dredge spoils have been disposed of at an upland disposa l  area on Marley Neck, located about 
1 mile from the Brandon Shore> station. The site, which covers 80 acres and has a tC'tal capacity of 
1 .5 million ydJ, has a 1 .8-acre sedimentation basin to hold excess water from the spoils. 

If overflow of the sedimentation basin were to occur, the discharged water would contain concen
trations of arsenic and mercury that exceed State of Maryland water-quality standards for spoil
containment area discharge. The overflow from this basin into a spillway leading to the Patapsco 
River would occur "only after abf!ormally high amounts of precipitation from major storms."(a) 

(a) Letter to Jon Romeo, "'(OE, from EU Dalton, Aakenheil and Assoc., dated January 10, 1980. 
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Contamination of ground water <.Quid occur at the d:sposal site if water contained in the spoils infil
trates through the underlying soil and comes into contact with ground water. The inH;trating water 
wl!! meet EPA Interim Primary Drinking Water Standards (Section 4.23). Therefore, the ground
water quality will  not be degraded to below these standards. The site has been used in the past for 
depositing dredge spoils, and it is probable that the concentralions of chloride, sulfate, and total 
d issolved solids are already h igh in any ground water at the site. It is also probable that most water 
that infilt rates into the underlying soil at the site flows back into the Patapsco River, which borders 
the site to the east and the south. As the waters of the Patapsco River already have high ambient 
concentrations of these constituents, water infiltrating into the underlying soil causes only minimal 
changes in water quality. 

Periodic maintenance dredging of the proposed barge channel at Brandon Shores typically would 
occur every 4 to 6 years and would cause water quality impacts similar to those which occurred dur
i ng the orig i na l dredging operations. However, because the dredging operation would be shorter 
in duration and involve smaller amounts of spoils, the associated impacts would be correspondingly 
smaller. 

2.4.4 Ecology 

Terrestrial Ecology 

Conversion to an alternate fuel at the two BG&E generating stations would �esult in two types of 
impact on terrestrial ecosystems: adverse effects of 502 emissions l- "  vegetation, and loss or d isrup
tion of habitat due to the disposal of solid-waste materials. Impacts such as fugitive dust (caused by 
construction or fuel and solid-waste handling), noise (result ing from construction, tr�nsportation or 
plant operation), and storage of fuel or limestone are of minor concern because either the duration 
or magnitude of poten tial impacts on terrestrial ecosystems from these components would be 
m inimal. 

Vegetation is the r' ·')st sensitive component of terrestrial ecosystems to 502 emissions. Potential 
impacts on vegetal 'n  were evaluated wi th respect to the contribution that generating station emis
sions wou ld have on ground level concentrations of 502. Species of plants that are most sensitive to 
502 are affected with i n  a concentrat ion range of 540-3,930 pg/ml, based on a 3-hour exposure 
period. This concentration is sma l ler than the predictE'd lower l imit of sensitivity for vegetation classified 
as intermediately sensitive by Heck Jnd Brandt ( 1 977) All coal-based fuel scenarios for both generating 
stations are capable of producing ground-level concentrations of 501 that can injure h ighly sensitive 
vegetation . It is important to real ize that these predicted maximum values are isolated events and that 
the frequ{;iicy of occurrence is very rare. General ly .  much lower concentrations of 502 would 
predominate under coa l-fired op;:�dtions. Chronic effects of SC� on vegetation may occur only when 
periods of stagnation during warm Summer months cause the 24 -hc;Jr average 502 concentrations to 
exceed 1 30 glm l for several consecutive days. It is not possible to quantify the predicted exter.t of fol iar 
damage by 501 from coal conversion. Conservatively based assumptions and measurements used in the 
atmospheric model ing suggest that these estimates of 502 concentration may be h igh and that the 
estimated effects on vegetation exposure are overstated. The potential for plant damage would be 
�re�test during peak periods in the Summer when h ieh electrical demand coincides with h igh 
susceptabi l ity of plants to 501. 

Loss or disruption of natural  habitat would be the other potential terrestr ial impact. Brandon Shores 
would generate th" majori ty of solid waste under scenarios for 'Yhich it converts. Estimates of the 
lifetime commitment of land for the disposal of solid wastes from Brandon Shores r�,nges from 400 
acre� (Scen;;�io 3) to 670 acres (Scenario 4) (Table 4.26). A 282-acre site (Bishop and McKay property; 
Dames and Moore 1980) has been identified for the disposal of solid wastes. The undeveloped site 
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is part of a larger t ract of land in the southern Baltimore region. This site would be distur�J for a 
period of 7 to 10 years, depending on the rate of sol:d-waste disposal. If a market for fly as�. ,=ould 
be found, the Bishop and McKay site could possibly handle all the wastes generated by Brandon 
Shores and Wagner. Cr"n� wastes are 10 be disposed o( .11 a sile in Rossville. 

Dredge spoils have been disposed of at an existing spoil dispGsal site; ccnsequently, no additional 
commitment of land resulted from this activity. 

No single scenario stands out with respect to its potential to affect terrestrial ecosystems. Scenario 4, 
which would require the largest commitment of land for solid waste disposal, has the smaliest 
potential for impact in terms of atmospheric emissions of S02, because it specifies FGD f('� both 
units at Brandon Shores. Scenario 3 has the greatest potential for impact with respect to S02 emi<
sions, but requires more moderate land commitments for solid waste. 

Aquatic fcc. 'OBY 

The most significant potential impact to aquatic ecosystems was the physical d isruption cf bentl.:� 
habitat that occurred when the proposed barge channel Wi'''' constructed. The disturbed area 
involved approximately 70 acres, 25 of which represent the existing Wagner barge channel. Benthic 
populations of organisms were reestablished within 3 to 18 months of the termination of G��dging 
activities; therefore, these impacts were temporary. Resuspension and the potential for dissolving 
of toxic components in the resuspended sediments constitutes a tr .. nsient toxicity hazard to aquatic 
organisms. This temporary hazard OCCl:rs f inder all the coal-use scenarios, and would be naturally 
mitigated by dilution anc\ settling of the sedil 1ent as the dredge plurrle moves downstream. 

Toxicological hazards associated with coal-pile runoff and solid-waste leachates may be controlled 
by proper management and design of waste disposal sites. Coal-pile runoff will be treated prior to 
discharge and is not projected to present any significant ecological hazard. 

Thre�tened �nd End�r:8e,ed Species 

No threatened o r  er.dangered species are found at the generating station sites, at the disposal sites 
for solid wastes, or in the areas adjacent to sites identified for the disposal of dredge spoils or solid 
wastes. Only two such species are found within a 5-mile radius of any of the BG&E generating sta
tions; the peregrine falcon, and the bald eagle. Consequently, threatened or endangered species 
would not be directly affected by any conversion scenarios at either of these generating stations. 

2.4.5 Noise 

State regulations for noise levels resulting from construction activities CO d BA)  are considerably 
higher than thl! daytime standard of 60 d BA. Intrusive noise resu lting from construction may cause 
complaints even jf the noise levels meet State standards. 

Noise levels associated with the coal-fired operatbn of thermal powerplants a re higher than those 
of oil- or gas-fired operations because coal handling equipment is inherently noisy. Noise predic
tions for Brandon Shores were made by an independent consultant (Cwiklewski 1 980). Neither day
time nor nighttime operation of the generating station would result in violations of State standards . 

.... compuler code (or predicling noise emiHiom (:om generaling slalions developed al Argonne Nalional LaborOllory (Dunn 

el al. 1981) was used (or analysis o( noise al Crane. AI ils presenl slage o( developmenl, Ihe m'ldel does nor include barrier 

or lerrain effecls; comequenlly. prc3icliom made wilh Ihis model should be viewed as conservalive (i.e . •  erring on Ihe high 

220 



side). The model was used to predict noi;e levels under coal-fired operations (Sce'larios 2, 3, 4, and 5) at the Crane Gener

ating Station. A daytime mod� of operation that included the simultaneous operation 0' all ,ources of roal-hanr{lin,� equi . 

ment was mC'Jeled to , epresent a "worst case" example. A prediction of nighttime operations was made in which all 

coal-delivery sources of r. .. "se were deleted. Predicted noise levels at selected receivers (i.e 'es,dences) or 6'enerating sta

tion boundaries suggest that both daytime and nighttim.? standards c')uld be violated at Crane. Actual noise levels at Crane 

may 'Je subst�ntially lower because of the prejence Of  tracts of forest that separate the key sOlJ'ces of noise from !he .'>ound

ary or residential receptors. This modeling exercise demor.strates that conversion of Crane to a coal-fired mode of operation 

has the potential to produce noise levels in violation of current State stlndards. 

Wheth er or not complajn�s would result from conversion of the four units is speculative and is not 
quantifiable. 

2.4.6 S'lcioecollomic Impacts 

The conversion of the four  BG&E un its to alternate fuels is not projected to create s:gnificant rer-
turbations on housing, governmental service, or employment activity at the local community level 
under any conversion scenario. The principal reasons for this a re :  1) the majority of impacts during 
construction and operation, i ncluding those related to employment. are associated with prior activi
ties u nrelated to Prohibition O rders, and 21 conversion activities ar� small compared to the eco
nomic and employment base for the region. 

local traffic patterns would be slightly i'11pa:-ted if coal were b rought into the stations by rail. These 
impact� are reduced if barge delivery is use::_ Transporting RDF and so!id waste by truck would ad( 
a small incremental :ncrease to local t raffic volume, but is not projected to cause any real impact in 
the area. 

Betause the un its being cc,nverted a l readY .'l< ." ,  no impact to archeologi' al or  historic sites is 
projected. 

2.4.7 Energy Rerources 

The intent of the FUA is to reduce or eliminate the use of petroleum fuels in certain generating sta
tion un its. Conversion of the four  u nits under consideration would displace fuel oil in the approxi
mate a mounts listed in Table 2.13 (ERA 1980b). 

The consumption of alternate fuels would increase proportionately to heat cor.tent of the fuel if 
alternate fuels displace oiL I f  coal were used solely as the alternate fuel at al l  of ti :e units, ar.  esti
mated 3,400,000 tons/yr would be needed (ERA 1980b). The projected demands for coal by unit  are 

TABLE 2. 13. Potential Oil Use Displaced by Conversion(a) 

Plant Units Barrels/day 

Brandon Shores 1 13,400 
13,600 

Crane 5.320 
2 5,850 

TOTAL 38,170 

(a) Source: ERA 1980b. 
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indicated i n  Table 214. The actual amount of coal required to supply the boilers would depend on 
t�e fuel-conversion strategy followed, the heat value  and ash content of  the coal, and the costs of 
supplying power for the coal-handling and pollution-control equipment. The consumption of coal 
varies slightly with the conversion scenario considered (Table 22), from a high of about 600 tons/ 
hou r  (Scenario 4) to a low of about 640 tons/hour (Scenario 3). 

The use of a 90% coal, 10% RDF (Scenario 4) mixture at Crane wou ld result in RDF requirements of 
about 190,000 tons/yr. 

Additional considerations must include the energy cost of transportation of fuels and FGD reagents 
to the sites and transportation of solid wastes to disposal sites. Coal will be delivered to the stations 
by barge, wit h  rail as a back-up delivery mode. Limestone (Scenarios 4 and 5) would be trucked to 
Brandon Shores. Refuse-derived fuel would il/so be brought in by /rude; because lhere is no practiGlI way to stockpile 

RDF, it would hilve to be w,>plied daily to the unit using this fuel. These uses of energy a re insignificant com
pared to the amount of energy (coal) that would be consumed to generate steam in the units, but 
they may add a small amount to the cost of generating electricity. 

Energy consumption levels would increase whHe the fuel conversion construction activities are 
occurring, but these increases would be short-term. Truck trdnsport and delivery of materials and 
the u se of heavy equipment would account for much of the added fuel expenditures. 

2.5 SUMMARY OF CUMULATIVE ENVIRONMENTAL EFFECTS 

To assess the potential cumulative effects, this study refers to the Draft (DOE/EIS-0083-D) and Final  
(DOEIEIS-0083-F) Northeast Regional Environmental Impact Statement (NEREIS). The Draft NEREIS 
evaluated the environmental effects that could result if, under the FUA (see Section 1 . 1 )  42 selected 
powerplants in the nort heastern United States ceased to burn oil and natural gas, and converted to 
coal. The Final NEREIS addresses comments received during and after a formal 9O-day public com
ment period. 

2.5.1 NEREIS Study 

The 42 powerplants included in the study (see Table 2.15) are located in a ten-state region extend
ing from Maryland to MaineJa)  The sites were selected from an original list of 1 1 7  coal-capable 
plants developed by the President's Coal Commission. The original list was reduced by the U.S. 
Department of Energy (USDOE) using the criteria of eliminating 1) most units over 25 years of age 
and 1) stations with an aggretate capacity of less than 100 megawatts (MW). The age and size criteria 
focused attention on those powerplants that had the greatest potential for oil displacement and 
economic benefits, and on those units having the longest remaining useful life. 

TABLE 2.14. Potential Demand for Coal 

Plant Units Tons/year 

B randon Shores 1 1 ,200,000 
2 1,200,000 

Crane 1 485,000 
2 534,000 

TOTAL 3,419,000 

(a) Source: ERA 1980b. 
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TABLE 2.15. Facilities Included in the Northeast Regional Environmental Impact Statement 

42-Station Conversion Scenarios(a) 

StatelFacility 

ConnKticut 
Bridgeport Harbor 
Devon 
Middletown 
Montville 
Norwalk Harbor 

�"'ware 
Edge Moor 

�ine 
Mason 

�ryl.,"d 
Brandon Shores 
Crane 
Riverside 
Herbert A. Wagner 

�s5.llchusftts 
Canal 
Mt. Tom 
Mystic 
New Boston 
Salem Harbor 
Somerset 
West Springfield 

New Hilmpshire 
Schi:ler 

New Jersey 
Bergen 
Burlington 
Deepwater 
Hudson 
Kearny 
Sayreville 
Sewaren 

New YoR 
Albany 
Arthur Kill 
Danskammer Point 
E. F. Barrett 
Far Rockaway 
Glenwood 
lovett 
Northport 
Oswego 
Port Jefferson 
Ravenswood 

Pennsyluniil 
Cromby 
Schuylkill 
Southwark 
Springdale 

Rhode lslilnd 
South Street 

TOTAL ST 1\ nONS 
TOTAL UNITS 

(al See Figure 2.1.  
(bl See Figure 2.3 

Unit 

3 
7.8 
1.2.3 
5 
1,2 

1 .2.3,4 

1.2.3.4,5 

1.2 
1.2 
4,5 
1.3 

4,5,6 
1,2 
1,2.3 
6 
3 

4.5.6 

1,2 
7 
7.8,9 
1 
7,8 
4.5 
1,2.3.4 

1.2,3.4 
2.3 
1 .2,3.4 
1.2 
4 
4,5 
3.4,5 
1 .2,3,4 
1 .2,3.4 
1.2.3,4 
3 

2 

1,3 
7.8 

12 

42 
94 

27-Station (Voluntary) Conversion Scenario(b) 

StatelFacility 

Connecticut 
Bridgeport Harbor 
Devon 

Norwalk Harbor 
Ddilwolre 

Edge Moor 
Maine 

Mason 
MMyland 

Brandon Shores 
Crane 

M;asSKhusetts 

Mt. Tom 
Mystic 
New Boston 
Salem Harbor 
Somerset 
West Springfield 

New Hampshire 
Schiller 

New Jersey 
Bergen 
Burlington 
Deepwater 

Sayreville 

New YoR 
Albany 
Arthur Kill 
Danskammer Point 
E. F. Barrett 

lOh,tt 

Port Jefferson 
Ravenswood 

Pennsylvaniil 
Cromby 

Rhode Islilnd 
South Street 

TOTAL ST A nONS 
TOTAL UNITS 

2.23 

Unit 

3 
7.8 

1.2 

3.4 

3.4.5 

1,2 
1 ,2 

1 
4,5.6 
1 
1.2.3 
5.6 
1.2,3 

4,5.6 

2 
-; 
7,8,9 

4,5 

1 ,2,3,4 
2.3 
3,4 
1,2 

3,4.5 

3,4 
3 

2 

12 

27 
55 

.� , 
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The proximity of these coal-capable powerplants to each other (see Figure 2.1) suggests a potential 

for the impacts from coal combustion to interact, creating larger or d ifferent types of effects than 
would generally be associated with any individual plant. Also, the physical elCtent ot these collective 
impacts might reach beyond the area surrounding the individual plants into a larger geogra�.,ic 
region.  The following types of impacts are defined in the NEREIS: 

• Site-specific i .. cts are impacts confined to the immediate area, generally with in  50 km of a par
ticular site, (e.g., impacts associated with the conversion of a single powerplant) . 

• Interactive impacts result from the combination or interaction of individual impacts from two or 
more power plant conversions, and may differ from the individual impacts. 

SprilllJdole 
• 

�",u" 1 
$col. 

N 

'J.-�.)..c���i::lrille 

�����������..A�0'<"i"'" Harbor Nonoac Harbor Port ,leff..-
Glenwood Nort..-' 

'\��==�= 1/1 Far Rockaway W---- BetQen \'---- Kearny ,�---At,hut Kill • POW£APUIIT �--- Sayrevil" 
'-----Burli""ton """"'----Edge Moor -----Deepwater 

Figure 2.1. Facilities Included in the Northeast Regional Environmental I mpact Statement Under the 42-
Station Con vernon Scenarios 
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• Regional impacts are interactive impacts which extend beyond the areas surrounding the ind i
vidual plants into a larger region . 

• Cumulative impacts are i mpacts that result from the incrementdl impact of the proposed action 
when added to other past, present, and reasonably foreseeable future actions regardless of what 
agency or person undertakes such action. 

An effective strategy for coal conversion involving multiple faci lities requi res information on thf';e 
larger-scale cumulative and interactive effects so that decisions on site feasibil ity can be made and 
appropriate mit igative strategies adopted. 

The Northeast Regional Environmental Impact Study undertaken by USDOE focuses on the poten
t ia l  effects of multiple coal conversions in a farily d iscrete geographic region, on 1) air quality, 2) 
solid-waste d isposal, 3) fuel supply and transportat;,:>n, and 4) health effects. These technical a reas 
were identified as those in which cu mulative effects a re most likely to occur. A separate technical 
task force report was prepared for each of these technical areas (see following references : FEA 
1977; F riesz 1981 ; Kornegay 1982; Saguisan 1 981a; Saguisan 1 981b; DOE 1 979; Walsh et al .  1981), and 
provides information on the extent and magnitude of the impacts predicted from the increase in 
demand for coal in the northeastern United States as a result of  the cc.nversions. I nformation from 
these reports was incorporated in the analysis for the NEREIS. 

The depth and breadth of coverage in the techn ical reports and the NEREIS a re sufficient to provide 
a data base for ;ite-specific environmental an 31yses as well as providing a broader perspective for 
assessing the impacts of the proposed act ion. Detailed site-specific issues a re not t reated in the 
NEREIS; instead, generic issues that are cumulative or interactive on a regional basis are 
emphasized. 

2.5.2 Approach to Analysis 

The NEREIS was designed to provide decision-makers with information on the types and magnitude 
of environmental impacts associated with a range of coal conversion strategies.(a) To provide tI lls 
type of information, the approach to environmental impact analysis in the d raft NEREIS focused on 
the assessment of four alternative conversion scenarios. These scenarios are defined in terms of the 
a i r-pollut ion emission limitatioils that could be imposed on a facility by a state or Federal agency as 
a condition for conversion. The use of air-quality levels as criteria for determin ing the feasibi l ity of 
any propo�ed conversions is in  consonance with the FUA stipulation that al l  faci l it ies ur.dergoing 
conversion meet all applicable enviromental requ irements. 

The fou r a ir-qual ity scenarios in the draft NEREIS are: 1)  the emissions from burning coal at the rate 
specified for oil in the current State I mplementation Plan (Oil SI P); 2) the emissions from burning 
coal at the current coal S IP (Coal S I P) ;  3)  the emissions from burning coal at the 1 971 New Source 
Performance Standards (1971 NSPS); and 4) the emission l imitations proposed by certain ut i l it ies and 
state agencies for lheir powerplants, with all other powerplants modeled at the coal SIP (Modified 
Coal S IP) .  The application of an air-quality scenario to all 42 un its represents a worst-case estimation 
of the a ir-quality impacts associated with that scenario. 

(a) I n  the analysis for the NEREIS.  the only � UA-related fuel that is considert'd is coal. The assumption is that of the altt'rn�te 
fuels available to a utility. coal. even with adequate environmental controls. provides in comparison a worst-case situation 
for the purposes of environmental impact analysis. 
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The draft NEREIS is organized by three interrelated i!lements : 1 )  the coal fuel cycle; 2) substantive 
environmental impact areas such as air quality, water q uality, and biotic resources; and 3) geogra
phically defined impact assessment regions. This type of organization provides information on the 
magnitude and size of an impact as well as on its geographic i ncidence. 

The first element of the framework, the coal fuei cycle, can be disaggregated into five majo. com
ponents : mining. coal cleaning and processing, transportation, combustion, and waste disposal. The 
second element in the framework, the substantive envi ronmental impact areas, are acted u pon by 
the components of the fuel cycle, potentially producing cumulative a nd interactive enviro n mental 
impacts. The substantive environmental impact areas included in this analysis are air quality, water 
quality, land use, biotic resources, socioeconomics, and public health. 

The potential i mpacts of the fuel cycle components on each of these substantive areas, both in 
terms of type and degree, depend on t he existing conditions (baseline environment) in  the physical 
area where the interaction occurs. In the NEREIS, the potential impacts of the proposed action are 
assessed as they cou ld occur in four  conceptu ally dist inct but geographically overlapping regions, 
each one associated with one or more components of the coal fuel cycle. The assessment regions 
are : t he Supply Region, the Transportation Networks Region, the Combustion Region, and the 
Deposition Region. The relationship between the component of the coal fuel cycle and the assess
m ent regions is represented in Figure 2.2. 

I n  December 1981, public hearings were held in Boston, New York City, and Ph iladephia te receive 
com ments on the draft NEREIS from interested parties. In addition, written com ments on the draft 
NEREIS were received from interested parties through February 1 982. Based on all comments that 
were received, revisions to the draft NEREIS were u ndertaken. 

The following issues were identified : 

• Validity of the original number of conversions (42 powerplants). 

• Changes in  stack parameters and emission l imitations that would occur upon conversio n  of some 
stations. 

• Validity of assumptions in  the long-range transport model, ASTRAP. 

• Severity of acid deposition impacts on agriculture, water quality, a nd cultural resources. 

• Availability and feasibil ity of waste-disposal sites, particularly ocean disposal of ash. 

• Potentfal for marketing coal ash as a reusable produ ct.  

• Predicted impact of incremental changes i n  air quality from coal conversio n  upon public health. 

• Availability of 10w-sL'lfur coal from Appalachia. 

• Potential for add itional opportunities for conservation and uti lization of alternative energy tech
nologies in  the Northeast. 

The responses of the final NEREIS to issues raised du ring the public comment period were of two 
types: clarification and updating of the analysis done in the draft N EREIS; and analysis of additional 
scenarios. 

The basis for most of the addit ional analysis was the concern about t he number of stations or u nits 
included in the study, as well as' the accuracy of the site information used in the analysis. To rectify 
this problem, a survey of all the uti l ities included in the draft study was undertaken to determine 
which powerplants were still being  considered for coal conversion,  the com�ct operating parame-
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ters for the facilitlies, and the current approved SIP limits. Based on the survey, the 27 stations listed 
in Table 2.15 and shown in Figure 2.3 were includ�d in the expanded analysis as a separate subset. 

The 27-station scenario was designated as the "Voluntary Conversion Scenario," and represents a 
more likely maximum conversion case, to be contrasted with the 42-station worst-case scenario in 
the draft NEREIS air-quality analysis; it also provided an additional set of air quality scenarios. The 
results of the additional air-qual ity modeling were assessed to determine potential environmental 
impacts. A summary of the environ mental effects of the Voluntary Conversion Scenario is presented 
in Table 216. 

�om" .. 1 
SCOlf 

N 

...... -- Solem Harbor ..,.---MystH: 
'"t:o----/lell Boston (-1)  �_-------',r-___ West Springfi e 1 d (+2) 

,-::::�-:;:J.��,,!;'r���i'
+ 1 )  

'----- E.F. Borrell '----- Rovenswood 
, __ �_ Bergen (-1 ) 

Canol 

\'---- Arthur KIll • POW 'RPLANT 
"-___ SayreV Ille 
�--- Burl inqton 

-......----- Edge Moor I-- 2 }  
"'----- Deepwater 

"'-4r-_'-- Brandon Shores 

Figure 2.3. F acilities I ncluded in the Northeast Regional Environmental I mpact Statement under the 27-Station 
(Voluntary) Conversion Scenario. Station names set in ital ic  type indicate a change in the nu mber of units likely 
to convert. 

2.28 



Air Quality 

Water Quality 

land Use 

!'..l 
� 

Biotic Resources 
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TABLE 2.16. Summary of Environmental lmpacts(a) 

--
Transportation 

Supply Region Networks Region Combustion Region 

No reslon�1 cum" .... :ive Imputs No reslon�1 cumul�tlve Imp�cts Dispenion modellns predicts 
are �ntlcl�ted. Then' , �re �nticlp�ted. Imp�cts th�t the convenlons will not 
potentl�1 for slte-4peCll. �socl�ted with Increued train result In vlol�t1onl of �Ir qu�lIty 
increues In TSI' usocbited with movements m�y occur adj�cent st�ndards or PSO increment on 
incre�ses In minlns �ct/vhy. to the tr�nsport�tion links. the resion�1 sc�le u � 

conlequence of �ny of the 
convenlon scen�rlos. 

No reslon�1 cumul�tive Imp�cts No reslon�1 cumul�tlve imp�cts No ,e810n�1 cumulative Imp�cts 
�re �ntlclp�ted H the Surface �re �ntlclpated. Site-ipecific are �ntlclp�ted. Site-specific 
Mlnlns Control �nd Imp�cts m�y result from spills, Impa(.is could result from the 
RecI�m�tlon Act Is adequ�tely le�chlng, �nd le�hse from co�I, therm�1 �nd chemlc� disch�rse 
enforced. limestone lind wute, p�rtlcul�rty of Indlvldu�1 powerpl�nts Into 

�t l�dln8 �nd unlo�in8 points. �j�cent ,urf�ce w�ters. 

No reslon�1 cumul�tlve Imp�cts No reslon�1 cumul�tlve imp�cts The additional solid waste 
are �ntldp�ted. Some lite- �re ,.ntldp�ted, as no new generated by coal combustion 
specific Increaes In the I�nd r�lhuy line constructlor. Is and the use of pollution control 
�re� disturbed by surf�ce required. Site-ipecilic imp�cts technology may tax waste 
mining. �re possible �t exp�nded port disposal capacity in several states 

f�cilitles. in the Northeast (DEIS Sec. 5.3). 
Under the Voluntary Conversion 
Scen�rio. the volume of 
combustion wastes Is about 35% 
of that produced under the DEIS 
Coal SIP Scenario. 

No reslon�1 cumul�tlYe Im�cts No reslon�1 cumul�t1ve Imp�cts No region� cumuLative imp«ts 
are �ntlciJNted. Slte-specific �re �n:idpated from the are �ntlclp�ted. Site-specific 
Imputs on biotic resources Incre�se In co�1 tr�n5port. Imp�cts Includlns lou of hAblt�t 
misht result from hmlt�t loss might result from IncreMe In 
usocuted wltb mlnlns �nd co�1 �ctlvhy �t limestone mines �nd 
processing. qu�rrles. 

No re8lon�1 cumul�tlve Imp�cts Transportation network There is a potential for the 
ue �ntlcl�ted. The Incl�_ In modeling indicates the potential consumption of PSD increment 
co�1 productloll .lOClated with for bottlenecks in the port areas by the converted powerplants. 
the convenlon prosram Is if plans for expanding these This could limit industrial 
within norngl levell of �ctlvhy facilities are not implemented. growth in a number of highly 
�nd is not el:"ected to produce industrialized counties. The 
advene Impllds. Increases In extent of this impact could nc.t 
min Ins �ctlvhy m�y h.1ve ne quantified. 
positive IOCloec:onomic im�cts. 

--- --_ .. 

Deposition Region 

Under the Voluntary Conversion 
Scenario, the increase in sulfur 
deposition is 3 to 4% in the New 
York City area and 1 to 2% in the 
Maritime Provinces. 

For the Voluntary Conversion 
Scenario, the sulfur deposition 
of up to 4% represents a pH 
change of <0.02. 

No re8ion�1 cumul�tive Impacts 
are �ntldpated from the 
predicted sm�" Increues In 
sulfur deposition. 

Based upon available data. the 
contribution of the proposed 
actien would not appear to 
adversely affect agricultural 
production on the region. 

Economic impacts associateo 
with the predicted Increase in 
sulfur deposition could not be 
quantified. 
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Health Effects 
(see Appendix E) 

I 

TABLE 2.16. (Contd) 

Transportation 
Supply Region Networks Region 

An increase of 4% in fatalities in The potential increase in fatali-
1991 is associated with increased ties and injuries associated with 

increased railroad traffic by 1991 mining activity. The correspond-
ing increilst'� in injuries and dis- is about 2% above the base case 
abilities are 3% and up to 9%, I of 1 1 1  ocr\J�a:ional and 1430 
respectively. public fata!itie" and 47,900 �'.'"" "o.'.' "d '"'' p"b'i< 

InJUr·""5. 

Combustion Region Depositi'j" Region 
--

The worst-case in the 24-hour A 2% increase in monthly levels 
pollution concentrations of SO" of atmospheric sulfate may con-
TSP ozone, NO" and respirable tribute to a slight increase in 
particulates (recurrence inter\al public susceptibility to bacterial 
of 5 ,." under the Coal SIP See- infection In areas where hlgf. 
nario may aggravate respiratory concentrations of other pollut-
dise�ses. Other slight, transitory ants are present. 
effec\.\ will occur. Th.e health 
risk for the Voluntary Conver-
sion Scenario will be less. 

(a) Boldface table entries indicate a pot�nttal for regional cLomulative impacts, or insufficient information to conclude that there is no potential for such impacts. 
Lightface entries indica!e that no regional cumulative imparts are expected. 
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3.0 DESCRIPTION OF THE � "tECTED ENVIRONMENT AND FACILITIES 

Baltimore Gas and Electric Company operates nine generating stations in the Baltimore area with a 
total capacity in 1 979 of 4,307,000 kW (BG&E 1 979). The B randon Shores station, currently u nder 
construction, wil l  increase this total to 5,547,000 kW. The Brandon Shores station was issued pro
posed Prohibition Orders on U nits 1 and 2 by the ERA u nder j urisdiction of the Fuel Use Act. Two 
un its each at BG&E Crane, Riverside, and Wagner Generating Stations were issued Prohibition 
Orders u nder authority of the Energy Supply and Environmental Coordination Act (ESECA). U nder 
the authority of OBRA, ERA permitted ut i l ities to elect continued coverage u nder outstand ing FUA 
and ESECA orders. BG&E exercised its option to continue coverage for Brandon Shores and not to 
continue coverage for the Crane, Riverside and Wagner un its. Accordingly, the prohibition orders 
for the u n its at the latter three stations were rescinded by ERA. The B randon Shores Prohibition 
Order continues in effect. The finalization of the Prohib ition Order ;s a proposed Federal Action 
and is the subject of this E IS. 

BG&E is voluntarily converting Crane Units 1 and 2. During the scoping period, state and local agencies expressed concern 

about !he combined effects of BG&E activities. Therefore, aspects of both Brandon Shores and Crane operations. particularly 

where cumulative and interactive impacts may occur. are detailed in this section. Selected aspects of the Wagner Station 

which is a djacent to the Bran don Shores facilities are discussed where possibilites for cumulative or interactive impacts exist. 

3.1 GENERATING STATION DESCRIPTIONS 

The Brandon Shores and Crane generating stations are located within ten miles of Baltimore City and 
border surface waters that flow into Chesapeake Bay (F igure 3.1). Because of their proximity to Bal
timore City and to each other (about 14 miles separate the Brandon Shores and Crane stations), these 
stations generally share the same climate, a irshed, and population base. According to DOE's sup
porting analysis, BG&E may also obtain coal for Brandon Shores and Crane from the same general 
area of Alabama, eastern Kentucky, Tennessee, Virginia, and West Virgin ia. 

3.1.1 Brandon Shores Generatil�g Station 

When BG&E authorized construction of the Brandon Shores Generat ing Station, it was planned that 
the two 628-MW units would be fired with No. 6 residual  fuel oil. The original design, however, did 
provide for the future conversion to coal. 

Since receiving its proposed Prohibition Order, BG&E has decided to start both units on coal. I t  is 
now planned that Unit 1 will come on-line in mid-1984 and Unit 2 in early 1988. As coal-fired u n its, 
they wou ld operate as baseload units with dai ly cycling capability. With the addition of air preheat
ers, the d ry bottom, dru m-type boilers are rated at 620 MW when using compliance coal or 610 MW 
if flue gas desu lfurization is required. It is anticipated that electrostatic precipitators would be used 
to reduce particu late emissions. Each u nit wil l  have a 700-foot stack. 

If  coal is burned, each unit  would consu me about 1,200,000 tons/yr (ERA 1980b) .  The coal is to be 
delivered by barge. This required the instal lation of an unloading pier and necessitated dredging a 
channel. Dredge spoils required d isposal at a suitable site. Depending on the size of the barge used, 
one barge load would be sufficient to supply both u n its for 24 to 42 hours at full load operation. 
Space for a coal pile is available either to the northwest or south'vest of the boiler bui ldings. 

If noncompliance (higher sulfur) coal is selected as the fuel, a nonregenerable limestone FGD pro
cess may be chosen because l imestone is readi ly avai lable and relatively inexpensive. l imestone 
could be delivered by rail or truck. 
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Figure 3.1. location of Brandon Shores, C rane and Wagner Generating Stations 

Wastes such as fly ash, bottom ash, and FGD sludge probably would be disposed of at an  off-site 
landfill (Section 4.2.2). Coal-pile runoff will be treated in a system common to both units. 

The station will be serviced by parallel path, wet-d ry cooling towers. Patapsco River water drawn 
from the once-through cooling-water discharge canal of the adjacent Wagner Generating Station 
will be used as make-up water. Cooling tower blowdown water will be temporarily held in  a reten
tion pond and then returned to the canal for discharge back into the river. 

3.1.2 Crane Generating Station 

The Charles P. Crane Generating Station has two cyclone boilers with design capacities of 190 and 209 MW and a gas turbine 

rated at about 14. 9 MW (Holland et a/. 1975). Unit 1 last used coal in 1972, and Unit 2 last used coal nominally in 1 970, 

although a test burn on coal was recently conducted. Both are now fired with No. 6 residual oil. Unit 1 is a baseload boiler; 

Unit 2 operates during the day in a cycling mode. 
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Wifh a capacify factor of 62%, Unit 1 consumed 1,835,000 b.rrels of oil during 1978. Unit 2 burned 1,530,000 barrels that SMrIe 

year with a 58% capacity factor. When converted to coal, each unit will use an estimated 75 fons/hr (a) or 485,000 tons/yr for 

Unit 1 and 534,000 tons/yr for Unit 2 (ERA 1 980b). According to DOE's analyses, delivery of coal to the Crane stalion would 

prob�bly be by rail. A 3.6-acre unlined coal-sforage area is locafed onsife wifh a capacify of 120,000 fon' . An esrimafed J800 

barrels/day of oil would be displaced by fhe conversion of tOfh unifs fo an alrernafe fuel (ERA 198Cb). 

Coal used in cyclone boilers musf have a low ash-fusion femperafure fo produce fhe proper slag viscosify. This fype of coal 

fypically has a high sulfur comen!. 

The Crane uni�s have electroswic precipiWors (bP) for fhe removal of parficulafe sfack emissions. The ESPs have been 

fesfed af an 85% removal efficiency. The fwo s�acks are each 353 feel in height 

The generafing slalion uses a once-Ihrough cooling sysfem, laking wafer from Seneca Creek and discharging if inlo a chan

nel leading 10 Salfpeler Creek. 

3.2 CLIMATE 

The Brandon Shores and Crane stations, both located near Baltimore, Maryland, a re assumed to have 
similar climatic characteristics. Data obtained from the National Weather Station in Baltimore 
describe these charaderistics ( NOAA 1978). 

3.2.1 Geographical Effect 

The Atlantic Ocean and Chesapeake Bay to the east and the Appalachian Mou ntains to the west of 
the region tend to make the climate m ilder than in inland areas of the same latitude. The proximity 
of the ocean contributes to the occurrence of storms in the art:!a, especially during the summer 
months. These storms may produce high t ides and waves that cause damage along waterfronts. 

Warm air from the south, along with the nearness of large water bodies, contributes to  the h igh rel
ative humidity experienced in the region during m uch of the year. Sum m�r days are general ly hot 
and humid, although they are frequently followed by thu nderstorms or cool breezes in  the evening 
and at n ight. 

3.2.2 General Climate 

A summary of local climate including temperature, precipitation , snowfall, and relative humid ity is 
given in Table 3.1 ,  based on surface observations at Baltimore from 1950 to 1978. 

3.2.3 Wind Characteristics 

The average annual wind speed in the Baltimore region (Table 3.2) is 9.4 miles/hr ( 15.1 km/hr).  Feb
ruary, March, and April are the windiest months with mean wind speeds of 11  miles/hr 
13.0 km/hr). The lowest mean wind speeds occur in  J uly, August, and September and average 
8.1 mi les/hr (5.0 km/hr) .  Most of the year, the prevailing wind diredion is from the west and 
northwest. I n  Septem ber, however, the prevailing wind d iredion i s  from the south. 

Meteorological data for the pollutant dispersion computations are based on Baltimore surface 
observations from the National Cl imatic Center for the years 1965 to 1 969. The wind rose for these 
data is plotted in Figure 3.2. Joint wind speed, direction, and  stability tables are given in Table H.1 i n  
Appendix H.  

(a) leite- from R .  W .  lowe, BG&E, to R.  E .  Barrell, Baltelle Columbus laboratories, March 13, 1980. 
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TABLE 3.1. Baltimore Climate Data (Based on years 1 950 through 1978 u nless otherwise noted) 

Temperatures 

Annual Average 
Annual  Daily Maximum 
Annual Daily Minimum 
Record High 
Record low 

Precipitation 

Ann ual Average 
Maximum Monthly 
Minimum Monthly 
24-hour Maximum 

Snow, Ice Pellets 

Annual Average 
Maximum Monthly 
24-hour Maxim u m  
Maximum Annual 

(a) Based on Years 1 941 throl'gh 1970 

3.2.4 Ambient Air Quality 

DF 

55.0(a) 
65.1 (a) 
44.8(a) 

1 02.0 (J uly 1 966) 
·7.0 (Janu ary 1963j 

in. 

40.46(a) 

18.35 (August 1955) 
trace (October 1963) 

7.82 (August 1�55) 

21.6 
21.6 (March 1960) 
15.5 (Febru ary 1958) 
48 (1960) 

DC 

1 2.8 
1 8.4 

7.1 
38.9 

-21 .7 

em 
----

102.8 
46.61 

19.9 

54.9 
54.9 
39.4 

1 21 .9  

Ambient a i r  quality i n  the vicinity of  t� ,�· Brandon Shores and Crane stations was described us ing data 
from the State of Maryland's ambient o:ir quality monitoring network. Both Brandon Shores and 
Crane are located within the Metropolitan Balt imore air quality control region (AQCR), which 
includes Baltimore City, Anne Arundel, Howard, Carrol l ,  Baltimore, and Harford Counties. The 
Metropol itan Baltimore AQCR is located within EPA Federal Regio'l I I I  (F igure 3.3) .  However, 
attainment and non-alta i r.ment areas are defined within the AQCR.  

The concentration of man-made polluta nts in the lower atmosphere will varl greatly over both time 
and space in a populated, industrial ized area such as Metropolitan Baltimore. The concentration of 
a pollutant at any time and place is dependent on a complex interrelationshi p  of such variables as: 
windspeed; wind direction; the source t/pe, si ze, and location;  regional-scale (hundreds of ki lome
ters) and mesoscale (tens of kilometers) meteorology; chemical reactivity of the air; atmospheric 
stability or turbulence; and pollutant removal mechanisms. It is therefore necessary to identify cer
tain pert inent statist ics before describin� ambient air q uality. 
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TABLE 3.2. Baltimore Monthly Wind Speeds ancl r .rections(a) 

Mean Wind Speed Prevailing 
Month mi les/hr (km/hr) Direction 

January 9.9 (1 5.9) WNW 
February 1 0.6 (1 7.1 ) NW 
March 1 1 . 1  (1 7.9) WNW 
April 1 0.9 (1 7.5) WNW 
May 9.5 ( 1 5.3) W 
J u ne 8.7 (14.0) WNW 
July 8 .1  ( 13.0) W 
August 8.1 (1 3.0) W 
September 8.2 (1 3.2) S 
October 8.9 (14.3) NW 
November 9.4 (1 5.1) WNW 
December 9.4 (15.1) WNW 
Year 9.4 (15.1 ) W 

(a) Based o n  Years 1950-1978 1 mile/hr = 1.6 km/hr  

}-; . .  
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Figure 3.2. Annual Wind Rose for YeiHS Used in the Air Quality Analysis ( 1965-1969) Baltimore Area 

3.5 

! 
- N -

I 



PENNSYLVANIA 

VIRGINIA MARYLAND 

Figure 3.3. location of Metropolitan Baltimore Air Quality Control Region Within EPA Federal Region ! l i la) 

(a) Region I I I  includes Pennsylvania. Maryland. Delaware. West Virginia. Virginia. 

U nder the Clean Air Act Amendments of 1970, the Federal government established National 
Ambient Air Quality Standards (NAAQS). These standards were designed to protect the public 
health (primary standards) and to proted the public welfare (secondary standards) from a ny known 
or anticipated adverse effects of an air pollutant (40 CFR 50.1 ) .  These standards are time-averaged 
statistics and maximum values that may not be exceeded at any location more than a certain 
number of t imes per year. Each state can adopt the NAAQS or promulgate standards of its own. A 
state's standards, however, cannot be less stringent than the Federal standards. Maryland's ambient @ 
air-quality standards are the same as the Federal standards and establish l imits for total suspended 
part iculate matter (TSP), sulfur dioxide (502) '  lead (Pb), nitrogen dioxide (N02)' ozone (03) ,  hydro-
carbons (HC). fluoride (FI-), and carbon monoxide (CO) (Table 3.3). 

The following description of the exist ing ambient air qual ity in the Metropol itan Baltimore AQCR 
includes an overview of the current air-qual i ty monitoring network, a tabu lation of the maximum 
air pol lutant levels measured in 1978 for time-averaging periods corresponding to the NAAQS; an 
analysis of 1979 air monitoring data, and a qualitat ive summary of the air quality by pol lutant. 

The 1979 air quality monitoring network within the Metropolitan Baltimore AQCR is made up of 
36 monitoring stations (Figu res 3.4 and 3.5). Fifteen of the stations are located within the city of Bal
t imore and the remainder a re d istributed as follows: Anne Arundel County (7), Baltimore County 
(11 ) ,  Carroll Coun ty ( 1 ) .  Harford County (1 ) ,  and Howard County (1 ) .  
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TABLE 3.3. State of Maryland and National Ambient Air-Qual ity Sta ndards (NAAQS) 

Sulfur O,.ides(a) 
Annual A ri thmetic Mean, 
24-hour M aximum,(b) 

3-hour Maximum,(b) 

Suspended Particulate Matterla) 
Annual Geometric Mean, 
24-hour Maximum,lb) 

lead(a) 
3-month average, 

Carbon Monoxide (a) 
8-hour Maximum,(b) 
1-hour Maximum,(b) 

Hydrocarbons(a)  
3-hour (6 to 9 AM) Maximum,(a) 

N itrogen D ioxide 
Annual Arithmetic Mean 

Ozone(a)  
1-hour Maximum,(d) 

Fluoride(e) 
24 hour 
72 hour 

Primary Secondary 

- (g/m3) -

80 
365 

75 
260 

1 .5  

10,000 
40,000 

160(C) 

100 

235 

_(f) 

1,300 

60(b) 
150 

10,000 
40,000 

160(C) 

100 

235 

1 .2  
0.4 

(a) Code of Federal Regulations (40 CFR 50.1 ) , Federal and State of M aryland air-quality 
standards are the same). 

(b) Not to be exceeded more than once per year. 
(c) Guidel ine. 
(d) Not to be exceeded on more than one day per year (averaged over 3 years) . 
(e) State of Maryland Standards, 10.18.01 Regulatio ns Governing the Control  of Air Pollution 

in the State of Maryland, Corrected Comar Version 11-2078, Maryland State Department 
of Health and Mental Hygien e, Baltimore, Maryland. 

(f) - = not applicable. 

Total suspended particulates were monitored at 32 stations. In add it ion,  NOl was monitored at 28 
stations, S02 at 26 stations, CO at 8 stations, Pb at 1 1  stations, 03 at 10  stations, and hydrocarbons .. t 6 
stations. The 1 978 mon itoring network d iffered s l ightly from the 1979 system. The Hereford, Padonia 
and Fairfield stations were not operational  unt i l  1 979. Two other stations-the Patapsco TSP station 
(#11 )  (F igure 3.5), and the Towson tra i ler station (#1 7) (F igure 3.4)-were in operation in  1978, but 
were not included in  the measurements for 1 979. 

Dur ing 1 978, the primary or secondary NAAQS were exceeded with i n  the Metropolitan Balt imore 
AQCR for TSP, CO, Pb, and 03 !DHMH 1979). Carbon monoxide and lead l imits were exceeded in  
Baltimore City a t  Stations -*1  and #3, respectively. The maximum recorded 1 -hour  and 8-hour CO 
levels were 26  mg/m3 and 14 mg/m3, respectively. The max imum recorlJed Pb level was 1 . 54 g /m3 
for  a 3-month average. Ozone standards were exceeded at eight out  of ten stations. Station #6 in  
Anne Arundel County had the h ighest recorded 1 -hour va lue of  03 (41 2 g/m3) .  
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1. Glen Burnie 
2. Harmons 
3. Harwood 
4. Linthicum 
5. Odenton 
6. Riviera Beach-closest to Brandon Shores 
7. St. Johns College 
8. Cator.sville 
9. Chesapeake Terrace Elementary 

10. Cockeysville Police 

CARROlL 
COUNTY 

� 
WESTMINST£R 

11. Edgemere Fire Station 
12 Essex 
13. Garrison 
1". Lansdown 
15. Middle River-Martin 
16. Soller's Point 
18. Westminster 
19. Bel Air 
20. Simpsonville 

New Stations: Hereford and Padonia 
Note: Station 17 - not operating 

HARFORD 
COUNTY 

figure 3.4. Operating Stations in the 1979 Ambient Air Quality Monitoring Network Area II I  

(Except Baltimore City) 

The primary TSP standard was exceeded at six of the 31 stations (the maxi m u m  recorded 24-hoiH 
value was 355 g/m3) and the secondary standard for TSP was exceeded at 1 7  of 31 monitoring sta
tions. All six of these sampling stations where primary standards were exceeded are within the City 
of Baltimore. Biandon Shores and Crane a�e located outside of the primary and secondary TSP non
attainment areas (F igure 3.6) . 

Maximum air concentrations were recorded throughout 1978 for the various pallutants (Table 3.4). 
The averaging times given in this table correspond to the NAAQS averaging times for each pollu
tant. Spedfic monitoring stations at which the NMQS were exceeded are given in Table 3.5. 
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1 .  A IRMON 1 Lombard & Penn 9. Northeast Police Station 
2. AIRMON 2 Calvert & 22nd 1 0  Northwest Police Station 
3. Fire Department Headquarters 12. 200 Read Street 
4. Fire Departr. ,ent No. 1 0  13. Southeast POlice Station 
5. F i re Department No. 22 14. Southwest Police Station 
6. Fire House No. 50 1 5. Sun and  Chesapeake 
7. Fire House No. 57 • New Station : Fairfield (197�j 

Note: Station l '  not Operating 

Figur( 3.5. 1979 Ambient Air Quality Monitoring Network Area I I I  (Balt imore City only) 

The meteorological conditions associated with high a mbient concentration s  of TSP and 0) were 
studied using the prel iminary air qual ity and wind data for 1979 (DHMH 1979). 

Of the approx imately 100 days on which TSP was measured in 1979, the 24-hour  secondary NAAQS 
was exceeded on 37 days. The primary standard was exceeded only on 4 days. All the secondary 
standard violations occurred within the City of Baltimore, with corresponding violation s  within Bal
t imore County on four of  the 37 days. All levels greater than the primary stan dard were within the 
City of Baltimore. These stat ions were Fire Department Headquarters (#3), Fire Department 
No. 10 (#4), and Fort McHenry National Park (#8). 

Table 3.6 lists the ambient TSP concentrations for the days during 1979 in which the 24-hour primary 
TSP standard was exceeded or nearly exceeded. Upon reviewing the available surface-level wind 
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ANNE ARUNDEL 
COUNTY 

BALTI MOR: 
COUNTY 

BALT IMOR£ 
C ITY 

( I  PRIMARY NON -ATIAINMENT AREA 
� SECONDARY NON- ATTAINMENT AR£A 

\ \ , 
I 

Figure 3.&. location of BG&E Generating Stations in Relation to Primary and Secondary TSP Non-Attainment 

Areas contained within the Metropolitan Baltimore AQCR. 

data for these days, it becomes apparent that al: these days are dominated by light wind-speed (low 
ventilation)  conditions. 

The 9 days in 1 979 011 which the TSP standard was t. xceec!ed (Table 3.6) can be d ivided into two 
grou ps. One group consists of those days on which only one station reports relatively high levels 
(March 4 and 19, May 21, July 2, August 25); and the other group consists of those days on which 
the stations col lectively report h igh l evels (March 22, April 24, October 18, November 20) . The latter 
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TABLE 3.4. Summary of 1 978 Air Concentrations'·' Measured Within the Metropolitan Baltimore Air 
Quality Control Region 

so: TSP NOl 
Monitoring Station 3 Hr 24 Hr Annual  24 Hr Annual  Annual 

Anne Arundel County 
1 384 1 38 1 9  215 62 60 
2 72 9 42 
3 48 1 1  82 37 34 
4 314 1 03 30 1 26 51 49 
5 46 10 107 43 38 
6 340 139 28 132 52 21  
7 43 14  83 43 43 

1 981  
6 Riviera Beach 1 99(1 300) 1 02(365) 35(80) 1 3 7(260) 58(75) 33( 1 00) 

(a) ALL concentrations in ug/m ' 
- Denotes no observations made 
( ) The relevant NMQ Standard, for comparison purposes 

group is dist inguished from the former insofar as the early morning hours (before su n rise) are dom
i nated by calm conditions (Table 3.7). 

Ozone (0)) is a secondary pollutant in the lower atmosphere. It is not emitted directly  into the air  
by man's activities, but is  instead the product of atmospheric reactions. The major anthropobenic 
pollutants involved in  the formation of Ol.One are hydrocarbons (HC) and oxides of n itrogen (prim
ari ly NO + N02). A mixture of these pollutants, when exposed to sunlight, u ndergoes photochemi
reactions and forms 0). Ozone itself is very reactive and wil l  readily oxidize many compounds (such 
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TABLE 3.5. Summary (if Violations of 1 978 Ambient Air-Quality Standards Within the Metropolitan 
Baltimore Air Quality Control Region 

TSP OJ CO Pb 

Monitoring Station Primary Secondary Primary Primary Primary 

Anne An;.,del County 
1 o(a) 3 5 (l 
2 _(b) 

3 0 0 
4 0 0 2 0 
5 0 0 
6 0 0 2 0 
7 0 0 

(a) Units are n u mber of t imes standard exceeded 
(b) Denotes no observations made 

as NO). I n  the absence of scavenging compounds, however, ozone can persist for days and be 
transported for hundreds of mi les (Allwine and Westberg 1 977; Westberg et al .  1978). 

A number of different meteorological conditions or combinations of meteorological conditions 
over a source area ca n bring about ground-level ozone concentrations in excess of the NAAQS dur
ing  the summer months. The major conditions are: 

• stagnating, persistent anticyclone 
• strong subsiuence, low venti lation 
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TABLE 3.6. Maximum 24-Hour TSP Concentr�tjons Observed Within Baltimore City During 1979 

Baltimore City Monitoring Station 

Date 3 4 5 7 8 

March 4 58(a) 68 72 73 604 
March 1 9  96 292 

March 22 206 248 257 182 168 

April 24 ]:77 275 

May 21 257 1 47 1 21 89 89 

Ju ly 2 75 246 81 51 93 

August 25 70 62 88 82 311 

October 18 177 59 224 223 21 1 

November 20 239 

(a) Units are ug/m '. 
(b) Data not available. 

TABLE 3.7. Surface-level Winds Near Baltimore City on 
Seled Days in 1979 

Before Sunrise After 
Sunrise To Sunset Sunset 

-----

Date WS WD WS WD WS WD 
-- --

10 

49 

64 
95 

201 

86 
48 

147 

1 26 

248 

-- ---

March 22 
April 24 
October 18 
November 20 

March 1 9  
May 21 
July 2 
August 25 

WD = wind d i rection. 
WS = wind speed (mph). 

(a) Data not available. 

• migrat ing ant icyclone 
• calm-to-light gradient flow 
• moderate-to-persistent gradiE'nt flow 
• moderately-sunny  to very-sunny days. 

calm 4-9 
calm 2-3 
calm 2 
calm 2 

1 -4 
3-5 

4-5 SW 5-11 
2 WSW 2-3 

N NW calm 
ENE  _ (a) 

NNE  calm 
S 3 NW 

WNW 1-3 SSE 
SE 2 S 

WSW 3-8 WSW 
WSW calm 

1 3  

_(b) 

86 
172 

189 

62 

73 

143 

208 

I n  1979, ozon e  data were collected at the Metropolitan Baltimore AQCR linthicum (#4), Essex (#12), 
and Garrison (#13) monitoring stations. The NAAQS for 1 -hour levels of ozone were exceeded 
12 times that year (Table 3.8). On 3 days in particular, (March 1 5, June 1, and Ju ly 11j,  the synoptic 
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TABLE 3.8. Dates with One-Hour Ozone Levels Equal to or Greater than NAAQS 
in the Listed Monitoring Stations in 1979 

Monitoring Station 

Baltimore County Anne Arundel County 

Date 1 2  1 3  4 

May 1 5  1 37(a) 176 235 

May 29 137 116 235 

May 30 137 1 57 255 

June 1 1 57 116 274 

June 9 176 235 21 5 

June 1 5  1 76 255 215 

June 16 1 37 1 76 255 

June 1 6  1 57 137 255 

June 26 116  235 137 

July 6 1 72 235 

July 1 1  266 184 

July 13  155 108 266 
July 17 164 108 241 

July 26 210 125 249 

July 30 176 137 255 

August 1 110 249 137 

August 31 176 1 27 253 

September 12 227 286 

(al units are uglm'. 

meteorology, in gent:..al, was that of a weak to flat pressure gradient with calm to light gradient flow 
out of the south to sout;�west. This meteorology resu l ted in high ozone levels near Baltimore 
caused by three possible e,·ents that sometimes were additive : 1 )  a stagnation of air emissions 
around Baltimore (June 1, Ju l)' 1 1 ) ;  2) a buildup in the regional air mass (Ju n e  15 and July 1 1 ) ;  and 3) 
the influence of emissions emanating from Washington, D.C. (June 1 5) .  

Air-quality trouble spots in t h e  Metropolitan Baltimore AQCR are a s  follows: 

• Carbon Monoxide One monitoring station in downtown Baltimore recorded violations of the 
8-hour NAAQS in 1978. The high CO concentration appeared to be restricted to the downtown 
Baltimore area. 

o Lead Same as carbon monoxide. 

• Sulfur Dioxide No primary or secondary NAAQS for S02 were violated during 1 978. The highest 
levels during 1978 were recorded in the south section of Baitimore City. 

• Ozone The NAAQS for ozone was violated only  at monitoring stations outside Baltimore City 
d u ring 1 978. The high levels were produced by a combination of regional bui ldup and precursor 
emissions from u pwind metropolitan areas. 
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• Nitrogen Dioxide No violations of the NAAQS for N02 occurred dur in g  1 978. The highest annual 
average was recorded at a s ite i r. downtown Baltimore . 

• Total Suspended Particulates Matter The pr imary and seco;ldary NAAQS were exceeded numer
ous times d uring 1 978. All violations of the primary slandards for TSP were in the southern half of 
Baltimore Cit\'. The apparent cause was the stagnation of local low-level emissions under light 
windspeed conditions. 

3.3 LAND USE 

3.3.1 Generating Station Sites 

The geology of the area surrounding Brandon Shores and Crane sites ind icates t hat the stations are 
located over the Patapsco and Patuxent formations. A discussion of the hydrology and stratigraphy 
of these formations is given in Sections 3.4.2 and 4.3.2. The Patuxent formation outcrops in a some
what irregular band, approximately 4 to 5 mil�s wide, from Washington ,  DC to Baltimore. At its 
closest approach, the outcrop is about 5 to 10 mi les west of the BG&E stations. F rom this outcrop 
area, the Patuxent formation dips down at a rate of 85 to 90 ft/mile. The Patuxent formation is 
located at a depth of about 500 feet in  the vicin ity of the BG&E stations. 

The Patapsco formation outcrops in  a broad band that extends through Anne Aru ndel, Baltimore, 
and Harford Counties. The formation extends from the land surface to a depth of about 300 feet in 
the vicinity of the BG&E stations. 

Brandon Shores 

The 375-acre (1 52-ha) Brandon Shores site is located in an industrial area on the west shore of the 
PatapstD River approximately 10  mi les southeast of Baltimore City center. Adjacent to the station 
along the southern border are the Herbert A. Wagner generating station a nd the Anne Arundel 
County Sewage Treatment Plant on Cox Creek . Brandon Shores is bounded o n  the west by forested 
land and Fort Smallwood Road (Route 1 73) and on the north by u ndeveloped land zoned for indus
trial use. 

Two 620-MW boilers are currently u nder construction at Brandon Shores. Space has been reserved 
for waste handling, fuel-oil storage, a transmission switch yard, and for administrative and ware
house buildings. I n  addition, build ings and park ing faci lities for company headquarters personnel  
are planned for the site. T�e plant headquarters wil l  be located along the Fort Smallwood Road at  
the northwest corner of the Brandon Shores s i te (Figure 3.7). The station is being construded near 
the center of the complex, and the switchyard i s  located to the east and adjacent to the station. Oil 
storage, waste water, and forced-air cool ing facilities are situated on the eastern portion of the site. 
Over 50 acres (20 hal are available for coal storage either to the southwest or to the northwest of 
the generating un its. Except for the headqu<lrters site and the main road lead ing d irectly to the sta
tion from Fort Smallwood Road, a buffer of trees l ines the west side of the site and separates the 
ac,ivities of the generating station from the road. A buffer of trees wil l  also be maintained along 
portions of the site's northern and southern borders. 

Although there has been no defin ite selection of a solid-waste disposal site, BG&E has acq:Jired a 
purchase option on a 282-acre tract (B ishop a n d  McKay property) just to the west of the Brandon 
Shores Generating Station for the pu rpose of waste disposal. This site can hold the solid wastes 
resu lting from 7 to 10 years of operation of the Brandon Shores generating statiml on coal together 
with the waste from Wagner. Other d isposal sites would have to be developed beyond this t ime. 
Dredge spoils from the development of a coal-barge channel at the Brandon Shores station have 
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been disposed of  a t  the  Marley Neck spoils disposal site. This l icensed site i s  located just north of 
Brandon Shores and has accepted the 462,000 yd1 of dredge spoils that were generated by barge
cha nnel construction. This d isposal site is owned by the Marley Neck Patapsco Company. 

Crane 

The Crane Generating 5/;//ion occupies 164 acres (66 ha) of land between Seneca and 5a:tpeter Creeks on the northern bank 

of 5eneca Creek (Figure 3.8). The area north and west of the site is composed of woods, fields, and small resider-lial ¥eas. No 

major industry exists within a �mi/e radius of the station. A railroad enters rhe Crane site from the west and serves the main 

building. Located directly north of the station are oil-storage tanks and coal-handling equipment. Northeast of the boiler 

building is an e�isling coal-pile area that encompasses about 3.6 acres (1.5 ha) and can store approximately 120,000 tons of 

coal. East of the station and separated from it by the plant's discharge canal is Carro!l ls/and. The island is undeveloped and 

densely wooded, and is classified as a wildlife sanctuary. 

The 5eneca-Saltpe,er Creek area is a center for water recreation on Chesapeake Bay. Numerous private docks and small craft 

anchorages are within sight of the s/;//ion. The banks of the discharge canal and the bridgl' 3cross the canal to Carrol/ Island 

are popular fishing areas. 
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3.3.2 Wet�nd5 

B,)th generating station sites border state-designated wetlands. However, almost al l  of the land at 
each of the sites is classified as upland. 

The wetlands nearest Brandon Shores lie to the south of the generating units near the u pper end of 
Cox Creek (figure 3 .10) .  The largest wetlands area is to the north of the site near Swan Creek. 
Neither of these areas are on the Brandon Shores station site. 

I n  addition to wetlands associated directly with the Brandon Shores and Crane s ites, there a re also 
wetland areas adjacent to sites that have tentatively been identified for disposal of solid waste 
materials. The Bishop and McKay prvperty located to the southwest of the Brandon Shores site 
(f igure 4.4), has been identified for disposal of combustion wastes (Dames and Moore 1 980). A 
small  portion of this property bordering Nabbs Creek (i.e., along the shorel ine)  is classified as 
wetlands (figure 3.10) .  However, disposal of wastes in designated wetland areas is not recom
mended because they l ie within the 'IOO-year flood plain. Cu rrently, precipitation runoff leaves the 
designated disposal area via B ishop Creek, which is an intermittent stream that drains i nt o  Cox 
Creek. Consequently, wetlands located at the headwaters of Cox Creek may a lso be affected by 
solid-waste-d isposal activi�ies on the Bishop and McKay properties. Thtse wetlands also i n clude 
shorel ine areas of l imited acreage. 

Swan Creek and its associated marsh lands border a site (Marley Neck sitp.) used for disp' .:<-al of 
dredge spoils from the construction of a Brandon Shores coal-delivery barge channel i," . . . .. 

Patapsco River (figu r(� 4.4). This wetiand area (figure 3.10) includes 65 acres of open water �;,d 
marshland located immediately to the southwest of the disposal site (U�DT IMDT 1 970j. !. is the 
largest functional wetland located on the southwest shore of the Patapsco River. It is iJrimari ly a 
freshwater system with saltwater intrusion� which occur during high storm t ides that would affect 
only those segments of the wetlands adjacent to the Patapsco River. This wetland area supports a 
d iverse and vigorous assemblage of aquatic and terrest rial flora and fauna (USDT IMDT 1 979). It is 
separated from the d isposal s ite by a dike. Thi, dike was enlarged to increase the capacity of the 
disposal site. 

The cooling water intake for the Crane station is located at the boundary of the wetlands region into "'hieh the station's dis

charge canal extends. Oil off-loading facilities and breakwater piers also extend into the wetlands. Less than 5 acres of the 

site south of the station contain ;; wetlands a,ea that supports the following vegetation categories: Fresh Marsh. Brackish 

High Marsh, and Brackish Low Marsh. Some submerged aquatic vehdation also exists in this area. Most of the wetlands 

(shoreline areas) lie to the northwest of the station boundary; the closest wetlands are less than 1000 feet and to the east and 

south of the generating units (Figure 3.10). Th e remainder of the Crane site is classified as upland. 

Both sites border w'lter that is exposed to high tidal-water su rges (caused by the cC':nbination of 
hurricane winds and low barometric pressure) above the 100-year event water level. The Brandon 
Shores plant site is above the 1 00-year floodpla in (f igure 3.10). The area of the site shown within the 
100-year floodplain is near the plant's cooling towers, and does not include the coal-storage or 
waste-storage areas. A very small portion of the planned waste disposal site l ies within the  flood
plain and would not be used for dL'posal. Much of the Crane Station and the appurten.ant structures lie within rhe 

l Oll-year floc.dplain. However. the existing coal t ipple and storage areas lie well above the l00-year floodplain; land above 

this level i, wfficient for waste storage. Should a l00-year flood eve�t occur, no cumulative effects from the operation of 

Crane and Brandon Shores are projected. 

3.3.3 Unique Farm and Forest Lands 

Although farms and forests exist with in five mi les of each of the four generating station sites, non e  
o f  this land has been classified as prime o r  unique (AIS 1978) . 
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3.4 WAlfR 

3.4.1 Present Use 

The principal s urface waters that are used by the BG&E generating stations include the Patapsco 
River, which borders the Brandon Shores Generating Station; and Seneca and Saltpeter Creeks, which are 

adjacent to the Crane station. These streams are estuarine and have variclble sal inities. The h igh sal inities 
render the water unsuitable for most potable and general indust rial u ses. 

The Brandon Shores Generating Station wil l  U5e wet-dry cooling towers. The cooling water wi l l  be 
taken from the Wagner discharge canal and the tower blowdown returned there after passage 
through a retention pond. Cooling tower make-up water will be withdrawn from the Wagner canal 
at a rate of 33 cis (0.93 ml/sec). Total consumptive use in the cooling  towers wi l l  be approximately 
20 cfs (0.57 ml/sec), and about 13 cfs (0.36 ml/sec) wil l  be d ischarged back i nto the Wagner canal 
(JHU 1 972a). 

At the Crane station, water (or Units 1 and 2 is withdrawn (rom Seneca Creek at the rate o( 740 cubic (eet per second (ds; 

21 mJ/secjfa) and later discharged into Saltpeter Creek. Most o( this water is used (or cooling. Woll (1978) reports the exist

ence o( a shallow well in the immediate vicinity o( the Crane station. 

3.4.2 Availability 

The principal surface waters in the vicin ity of the BG&E stations are the Patapsco River (Brandon 
Shores) and Seneca and Saltpeter Creeks (Crane). Ocean in flow maintains the water level in the est uaries 
of these stre"ms. Although abundant, this water is not necessarily suitable for industrial use. 

The major aqu ifers !n  the vicin ity of the Brandon Shores and Crane are contained in sandy layers of 
the Patapsco and Patuxent for mations. Near the stations, the Patapsco formation extends from 
depths of about 0 to 200 feet (0 to 61 m), and the Patuxent formation extends from about 350 to 
500 feet (107 to 1 52 m) below the grou nd surface. Mack (1962) estimates that the Patuxent and 
Patapsco aquifers could produce as much as 50 mi l l ion gallons per day (189,000 ml/d) of ground  
water i f  ful ly used. The Brandon Shores station i s  located on the recharge zone for the Patapsco 
aquifer (Mack 1 962). The ground-water yield in the Patuxent formation is h ighly variable. At some 
localities the sands are capable of yielding several hundred gallons per minute (gpm), but at other 
localities, they are too shallow or too narrow to yield more than a few gallons per minute to i ndi
·:idual wells (Mack 1962). 

The Patapsco formation contains the most productive aquifers in Anne Arundel County (Mack 
1962) , where yields up to 1 500 gpm (5.7 ml/m) in wells have beer) reported (lucas 1976). 

Ground-water flow in the upper Patapsco formation is in the direction of the nearest surface water 
body. The water table roughly follows land surface contours at depths varying from 0 to 20 feet (0 to 
6 m). 

The Patapsco aquifer is classified as a Type-one aqu ifer u nder the Maryland Groundwater Qual ity 
Standards Regulation 08.05.04.04 (EA 1 980a). Type-one aqu ifers are defined as having a transmissiv
ity greater than 1 ,000 gal/day/ft, a permeabil i ty of greater than 100 gal/day/ftl, and a total d issolved 
solids concentration for natu ral waters of less than 500 mg/1. For all Type-one aquifers, the charac
teristics of constituents in d ischarged water may not exceed mandatory or recom mended standards 
for drinking water as established by the Federal government (Maryland Groundwater Qual ity 
Standards Regu lation 08.05.04.04). Maximum al lowable contaminant leveh lre shown in  Table 3.9. 

(a) letter from S. A. link, BG&E, to Joe Polasek, ERA, dated April 1, 1981 
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TABLE 3.9. EPA National I n terim Primary and Secondary Drinking Water Regulations 

I nterim Primary Regulations Secondary Drinking Water Regulations 

Parameter 

Arsenic 
Barium 
Cadmium 
Chromium 
lead 
Mercury 

Nitrate (as N) 
Selenium 
Chlorinated Hydrocarbons 

Endrin 
lindane 
Methoxychlor 
Toxaphene 

Chlorophenoxys 

2,4-D 
2,4,5-TP Silvex 
Total Trihalomethanes 

Concentration 
(mg/I) 

0.05 
1. 
0.010 
0.05 
0.05 
0.002 

10. 
0.01 

0.0002 
0.004 
0.1 
0.005 

0.1 
0.Q1 
0.10 

Parameter 

Chloride 
Color 
Copper 
Corrosivit; 
Foaming Agents 
Iron 
Manganese 
Odor 
pH 
Sulfate 
Total Dissolved Solids (TDS) 
Zinc 

Sources : EPA National I nterim Primary Drinking Water 
Regulations (Code of Federal Regulations 40 CFR 141) EPA 
National Secondary Drinking Water Regulations (Code of 
Federal Regulations, 40 CFR 143) 

3.4.3 Ambient Water Quality 

Concentration 
(mg/l) 

250 mg!1 
15 color units 
1 mg/l 
Noncorrosive 
0.5 mg!1 
0.3 mg!1 
0.05 mg!1 
3 Threshold odor numbers 
6.5 to 8.5 
250 mg/l 
500 mg!1 
S mg/I 

The Patapsco River is a Class I water, generally suitable for water-contact recreation and aquatic 
life, according to Maryland's Classification of State Waters (Regulation 08.05.04.(9). Maryland State 
Standards for Class I water are shown in Table 3.1 0. The ambient water quality of the estuary is 
given in  Table 3.11 .  The mean concentrations of mercury and PCBs exceed EPA water-quality crite
ria for both fresh and marine waters; the mean cadmium concentration exceeds EPA criteria for 
fresh water; and the mean zinc concentration exceeds E PA criteria for marine  waters, as does the 
iron concentration near Brandon Shores. The concentrations of manganese, chloride, and sulfate 
ne'lr Brandon Shores exceed Public Water Supply Criteria (EPA 1973). In addition, the mean con
centrations of NH1-N and oi l  and grease exceed Public Water Supply criteria. The concentration of 
hydrogen su lfide near Brandon Shores exceeds E PA water-quality criteria for both fresh and marine 
waters. However, the only data avai lable for hydrogen s ulfide concentrations were measurements 
taken in the very shallow Cox Creek estuary. This value may not be representative of the Patapsco 
River estuary. 

Seneca and Saltpeter Creeks are designated as Class II waters, which means that they are suitable 
for shellfish harvesting, as well as for water-contact recreation and the sustenance of aquatic l ife 
(Table 3.1 2) .  The mean total dissolved solids concentrations in the creeks exceed EPA secondary 
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TABLI 3.10. Maryland Standards for Class I Waters(a) 

Parameter Standard 

Fecal coliforms (#/100 ml)  200 

Dissolved Oxygen (mgll) (minimum) 4.0 
(minim u m  daily 5.0 
average) 

Temperature gooF 

pH (std. u nits) 6.5-8.5 
Turbidity (maximum) 150 stu 

(monthly average) SO stu 

(a) Source: Maryland Receiving Water Quality 
Standards Regulation 08.05.04.03 effective Sept. 1 ,  
1974, Amended July 5 ,  1978 

drinking water regulations. The concentrations of trace metals in  the Seneca Creek estu ary were not 
available in the technical literature. 

Ground-water quality for the Patapsco and Patuxent aqu ifers is shown in Table 3.13. These data 
indicate t hat water in the two aquifers is generally of good quality. Mack (1962) indicates that the 
iron content may be high enough in  some locations to r equ ire that the water be treated before i t  is  
used for dr in king. 

Table 3.14 shows that the grcund-water quality for wells near Brandon Shores is similar to the  
median quality of  ground wdter in the Patapsco and Patuxent aqu ifers. However, water from a well drifled 

near Crane has a hardness cOn/c:nt about 20 limes greater than the median hardness of the Patapsco aquifers. 

3.5 IMPORTANT BIOLOGICAL· RESOURCES 

Resource areas that may be affeded by convers ion adivities at the BG&E stations are:  the Marley 
Neck area on the west shore of the Patapsco R iver between Curtis Bay and Stony Creek (Brandon 
Shores), and the Crane site bordered by Saltpeter Creek to the north and Seneca Creek to the south. Aquatic resou r
ces native to the lower Patapsco River associated with Brandon Shores represent one major aquatic 
area, ilnd the Saltpeter-Seneca Creek areil ilssociated with Crilne represen/s the other. 

3.5.1 Agricultural Resources 

The principal crops of Maryland in 1 978, ranked by monetary value in  decreasing order, were corn, 
soybeans, hay, and tobacco (Cawlf'y et al. 1 979). Farm acreage was reduced 32 percent from 1 950 to 
1 975 in favor of expanding urbanization and industry. A review of the available statistics (Table 3.15) 
indicates the extent of agricultural activities in Anne  Arundel (Brandon Shores site) and Baltimore 

(Crilne site) Cou nties relative to statewide produdion.  

Milk produdion is smal l  when compared to Statewide p roduction (Table 3 .16) .  Cou nty statistics for 
livestock and poultry are not available. 

Urbanization and expanding industry have also had an impact on Maryland's timber resou rces. The 
U.S. Forest Service's most recent statistics (Powell and Kingsley 1980) show that there was a 13 per-
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TABLE 3.11. Ambient Water QuaJity-Patapsco River 

Concentration 
Near Brandon 

Parameter Shores(a) 

D.O. (mg/I) 1 1 .0 
pH (units) 7.0 
Conductivity 

(mmhos/cm) (e) 
Turbidity (NTU) 4 
NH)-N (mg/I) NA 
TKN (mg/l) NA 
N02""N (mg/I) NA 
NO)-N (mg/I) 1 .13  
Ortho-P (mg/l) N A  
Total-P (mg/I) NA 
CI- (mg/I) 7640(e) 
SOl" (mg/I) 780(e) 
HzS (mg/l) 0.85(e) 
TDS (mg/I) 1 3,7oo(e) 
Alkalinity 

(mg/I as CaCO)) 65.6(e) 
As (mg/I) 0.01 
Ba (mg/I) 0.038 
Cd (mg/I) 0.014 
Cr (mg/I) 0.045 
Cu (mg/I) 0.129 
Pb (mg/I) 0.10 
Hg (mg/I) 0.0015 
Zn (mg/I) O.04(e) 
Fe mg/I) 0.928 
Mn (mg/I) 0.10(e) 
Se (mg/I) 0.003 
PCB (mg/I) NA 
Oil 

Grease (mg/I) NA 

D.O. = Dissolved Oxygen. 
NA = Not available. 
NS = No Standard. 
(a) Source: EA 1980. 
(b) Source : U.S.D.T/MDT 1 979. 
(c) Source : EPA 1976. 
(d ) Source: EPA 1973. 
(e) Source: Dames and Moore 1980. 

Mean Range in 
Concentr .It ion Concentration 
Patapsco River Patapsco River 

Estuary(b) Estuary(b) 

9.0 5.0 - 1 2.1 
7.3 6.3 - 8.0 

1 1 .0 4.6 - 18.2 
6.6 1 .6 - 23 
0.52 0.41 - 0.68 
1 .95 0.50 - 6.3 
0.02 0.009 - 0.05 
0.51 0.1 7  - 0.876 
0.03 0.011 . 0.176 
0.19 0.042 - 0.451 
NA NA 
NA NA 
NA NA 
NA NA 

NA NA 
0.005 0.0019 - 0.0086 
NA NA 
0.005 0.001 - 0.047 
0.003 0.001 - 0.007 
0.026 0.001 - 0.043 
0.Q25 0.006 - 0.1 56  
0.0024 0.0003 - 0.0140 
0.250 0.005 - 1.335 
NA NA 
NA NA 
NA NA 
0.050 0.005 - 0.238 

1.76 0.0032 - 6.06 

(f) Source: Public Water Supply Criteria in Water Quaitty Criteria (EPA 1973). 
(g) I nterim Primary Drinking Water Standards. 

EPA Water 
Quality Criteria(c) 

Fresh Water Marine Water 

5.0 4.o<d) 
6.5 - 9.0 6.5 - 8.5 

NS N S  
NS N S  
0.5(f) O.S(f) 
NS N S  
1.0(f) 1 .0(f) 
10(g) 10(g) 
NS N S  
NS NS 
25O(f) 250(f) 
25O(f) 250(f) 
0.002 0.002 
NS N S  

720 N S  
0.10(f) 0.051�\ 
1.0(f) 1 .0(d) 
0.04 0.005 
0.100 O.l 00(d) 
1.0(f) 0.05(d) 
(h) O.OS(d) 
0.00005 0.00010 
5.0(f) O.l (d) 
1.0 0.3(d) 
0.05(f) 0.10(d) 
0.01 (f) O.Ol (d) 
1 x 10-' 1 x 10-' 

o.O(t) O.o(t) 

(h) (0.01) 96 hr. LClo for a sensitive resident species using receiving water and soluble Pb measurements. 
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TABLE 3.12. Ambienl Water Quality for Seneca and Sa,tpeter Creeks 

EPA Water 
Mean Range in 

Concenlration(b) 
Quality Criteria 

Parameter Concentration(a) Fresh Water 

D.O. (mg/I) 8.9 6.4 ·· 10.6 5.0 
pH (units) 7. 1 6.8 - 7. 7 6.5 - 9.0 
Turbidity (F. T. U) 
Conductivity 

(mhos/cm) 
NHrN (mg/l) 
NOrN (mg/l) 
Un-icnized NH, (mg/I) 
NOrN (mg/I) 
TKN (mg/I) 
Total-PO, (mg/I) 
T.O.C (mg/I) 
T.D.S. (mg/I) 
Salinity (pptj{g) 

D.O. = Dissolved Oxygen. 
NS = No Standard. 
(a) Source: EPA Stcret Data. 

29 

4,500 
0.06 
0.01 
0.02 
0.31 
0.31 
0.120 
4.03 

858 
3.0 

(b) Source: Quality Criteria for Water (EPA 1976). 
(c) Source: Water Quality Criteria (EPA 1973). 

12 - 60 

615 - 8,500 
0.01 - 0.27 

0.001 - 0.018 
0.00 - 0.006 
0.01 - 0. 98 
0. 03 - 0.42 

0.060 - 0.190 
0.80 - 10.5 
290 - 1426 
0.3 - 7.0 

(d) Sour.:e: Water Supply Criteria in Water Qual,ty Criteria (EPA 1973). 
(e) Interim : Primary Drinking Water Standards. 
(f) EPA National Secondary Drinking Water Regulations (40 CFR 143). 
(g) Parts per thousand. 

NS 

NS 
0.5(e) 
1.r/e) 
0.02 
lo(e) 
NS 
NS 
NS 

soolf) 
NS 

TABLE 1.13. tviedian Ground-Water Quality for the 
Patapsco and Patuxent Aquifers(a) 

Parameter PatapscD Patuxent 

Si02 mglf) 7.9 9.3 

Fe (mg/I) 0.35 0.87 
CI- (mg/I) 2.5 2.5 

Hardness (mg/I) 12  5 

pH (units) 5.1 5.4 

(a) Source: Mack 1962 

Marine Water 

4.o(c) 
6.5 - 8.5 

NS 

NS 
O.s(d) 
1.r/d) 
OA(d) 
HXe) 
NS 
NS 
NS 

SCKif) 
NS 

cent decrease in  commercial forest land i n  Maryland between 1 964 a nd 1975. At present, less than 
10% of the State's com"1ercial forests are located in A n ne Arundel (4.6%) and Baltimore (4.5%) Coun
ties (Table 3.17). 

Brandon Shores 

Brandon Shores is located in the Marley N eck industrial area, which is characterized by u ndeve
loped wooded areas, cleared grasslands, wetlands, and occupied industrial sites. I n  1964, 29 percent 
of Anne Arundel County was devoted to agriculture (}HU 1972b) ;  however, there is l ittle farming 
activity near the generating station sites. Small  residential gardens can be fou nd in  outlying, u nin
corporated residential areas. 
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TABLE 3.14. Quality OT Ground Water in  the Vicinity of Brandon Shores �nd 

Crane Generating Stations(a) 

Param�ter 

SiOl (mg/l) 
Fe (mg/l) 
Mn (mg/l) 
Ca+t (mg/l) 
Mg+t (mglll 
Na+ (mg/l) 
K+ (mg/i) 
HCOl (mg/l) 
S02"" (mg/l) 
CI- (mg/l) 
NO) (mg/l) 
H ardness (mg/l) 
pH (u nits) 

Concentration 
in Wells Adjacent 

to Brandon Shores 

7.0 
0.43 
0.02 
2 
1 .5 
1 .6 
0.8 
4 

1 1  
2.7 
1.4 

11 
4.2 

COllCentrarion in 
Wells Adjacent 

10 Crane(b) 

0.71 

18 

109 
6.1 

(a) Data compiled from Woll (19781 . 
(b) Sample was taken only 12 feet (3.7 m) below the surface. 

TABLE 3.15. Agricultural Statistics for Anne Arundel Cou nty, Baltimore County, and the 
State of Maryland, 1975 (a) 

Acreage Value 
Commodity Harvested Production S Millions 

Corn (Maryland) 
grain 590,000 57,230,000 bushels 128.768 
silage 94,000 1,410,000 tons 25.662 

Soybean (Maryland) ).45,000 1 1 ,949,000 bushels 71.760 
Anne Arundel 1 ,700 48,000 bushels 0.316 
Baltimore 3.000 90,000 bushels 0.585 

Tobacco (Maryland) 23,000 32.20 mil pounds 37.062(b) 
Anne Aru ndel 4,400 6. 16 mil pounds 7.090(b) 

Wheat (Maryland) 108,000 3,996,000 bushels 11.988 
'.nne Aru ndel 1,500 47,000 bushels 0.141 
Baltimore 4,500 180,000 bushels 0.540 

Barley (Maryland) 85,000 3,825,000 bushels 6.885 
Anne Arundel 100 5,000 bushels 0.009 
Ballimore 5,000 155,000 bushels 0.459 

All Hay (Maryland) 249,000 631,000 tons 44.190 
Anne Arundel 4,500 9,�OO tons 0.665 
Jallimore 15,000 37,000 Ions 1.615 

Commercial Vegetabies 
and Melons (Maryland) 46,110 NA NA 
Anne Arundel 155 NA NA 
Ballimore 3,145 NA NA 

(a) Cawley et al. 1979. 
(b) Based on 1977 prices. 
NA Not available. 
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TABLE 3.16. Dairy. Poultry a nd livestock Statistics for the State of Maryland(a) 

Year 

Milk (Statewide) 1 978 
Anne Arundel Co. 1978 
Balrimore Co. 1 978 

Cottage Cheese 1975 

Broilers 1 978 
Eggs 1 978 
Turkeys 1 978 

Cattle and Calves 1 978 
Hogs and Pigs 1 978 
Sheep and Lambs 1 978 

(al Cawley et al. 1979. 

Dairy 

Production 
(million Ib)  

1 .540 
4 

50 

18.1 

Poultry 

906.000 
313.000 

1 .793.000 

livestock 

96.6 
53.4 
1.2 

Value 
($ millions) 

235.5 
17.484(b) 

0.819(b) 

52.8(c) 

24.4(C) 

0.6(c) 

(b) Based on an average price of 67.9 cents per dozen and sales of 309.000 eggs. 
(cl Gross income. 

TABLE 3.17. Forestry Statistics (1976) for Anne Arundel and Baltimore Counties 

and the State of Maryland(a) 

State 
Anne Arundel 
Baltimore 

State 
Anne Arundel 
Baltimore 

State 
Anne Arundel 
Baltimore 

LAND AREA (Acres) 

Forested - Land Areas 

Total Non- Percent 
Land Area Commercial Commercial CommerciaHb) 

6.330.000 
270.700 
432.700 

1 30.500 
5.200 
10.900 

2.522.700 
1 14.900 

113.500 

40 
42 
26 

N ET VOLUME OF COMMERCIAL GROWING STOCK 
(mil cu ft) 

Softwoods 

793.0 
29.0 
17.':: 

Hardwoods 

2.699.1 
150.5 
1 51/1 

Total 

3.492.1 
1 79.5 
1 68.2 

NET VOLUME OF COMMERC IAL SAW TIMBER (mil cu ft ) 

Sot .woods 

1 .726.4 
33.9 
24. 9 

Hardwoods 

6.440.2 
406.9 
412. 3 

Total 

8.166.6 
440.8 
436. 7 

(a) Powell and K ingsley (1980). 
(b) Percentage of total land area. 
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Eighty-four ::>ercent (150.5 mil lion cubic feet) of the nel volume of standing timber in the Anne 
Arundel County is composed of hardwoods (oak,  h ickory, maple, beech and birch) : the remaining 
16 percent (29 mi l l ion cubic feet) is comprised of loblolly and shortleaf pine.  Indus;rial develop-
ment in the Marley Neck area has reduced the forested area to the point . ·,t it is no Ie. �r a via-
ble t imber resource. The forest speck�s associations in the area are bald cypr�ss, river birch
sycamore, and tul ip-poplar (Brush et a!. 1976). The Maryland State Department of "Iatural  Resour
ces has i ndicated that some privately owned timber sales a re presently registered in the Marley 
Neck area. There are no managed aquaculture activities in. the vicin ity of either Brandon Shores or 
Crane. 

Cro1ne 

The area around Crane is rural. The small farm� which ciot the landscape to Ihe north of Ihe slalion, raise moslly corn. soy

bean. wheal and lobacco. 

Powell and Kingsley (1980) indicate Ihat Ihe growing slock on n .. . .,.,mercial forest land in Ballimore County 10laled 168 million 

cubic feel (90 percenl hardwoods). This timber ;5 located on 113.500 acres which ale scatlered throughout the county. Pres

ently there are no regislered timber sales in the immediate vicinity of the Crane starion. The forest associations in Ihe imme

diate vicinity of the plant are tulip-poplar and river birch-;ycamore associations (Brush et al. 1976). 

3.5.2 Terrestrial and AOlJatic Natural Resources 

Terrestrial and aquatic natural resources endemic to the area include wildlife and finfish and 
shel lfish .  

Commercial Species 

Chesapeake Bay supports a sizeable fishing industry. The 1976 estimated Maryland catch from the 
bay was 60 mil l ion pounds, and was valued at approximately 74 mil l ion dollars (U.S. Bureau of Cen
sus 1978) .  The lower Patapsco River provides habitat for as many as 51 finfish species (lM&S Engi
neers 1 979). Only fou r  species are reported to have adually spawned in the Patapsco and its minor 
t r ibutaries: the bay anchovy, herring, white perch, and the yellow perch (EA 1 98Oc). High levels of  
i ndustrial pollutants and habitat displacement are most l ike ly responsible for  the dimin ished spawn
ing in the area. I mpingement and entrainment data indicate that the river does serve as a n ursery 
for primarily bottom-dwel l ing species (EA 198Oc, lM&S Engineers 1979). The Patapsco River exhibits 
a gradation of pollution (principally confined to the !oediments) from the inner harbor (most 
pol lu ted) to the mouth. This condition is refleded in the aquatic biota. Bottom-dwell ing fau na is of 
low density and fish popu lations are reduced and of poor quality (e.g.; diseased, frayed fins, etc). 
The water quality of the Patapsco a lso indicates that pollution is a problem in  the river (Table 3.1 1 ) .  

I n  contrast, the relalively unpolluted Seneca and Saltpeter Creeks (Table 3. 11) supporl a rich assemblage o f  benthic. plank

tonic, and neJ.lonic speciei (fA 1979: Nichols 1'1 al. 1980). Shellfish harvesting and sport tUling are popular in Ihis area. 

The National Oceanic and AtmospheriC Administration has designated specific areas for compil ing 
commercial catch statistics. (a )  Sallpeter Creek falls 'Nithin the Gunpowder River area (NOAA Area 045): Seneca Creek 

is affiliated wilh the Middle River area (059): and the mid-Patapsco River falls in area (066). According to data on 
commercial catches for 1977 and 1978 (Table 3.18), t h e  Seneca-Saltpeter Creek areas (045 and :>59) are more 

(a) letter from Steve Early, .\1aryland Dept. of N�tural Resources to T. M. Poston, PNl, not dated. 
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TABLE 3.18. Commercial Catch in Pounds and Percentage of Total Maryland Catch (in parenthesis) 
by NOAA Areas; 1 977 and 1978 

Area(a) 
1977 

Sa/lpeter Creek Seneca Creek Patapsco River Maryland(b) 
Species (045) (059) (066) Total Catch ------

Bluefish 2 (0) 988 (0.3) 1,448 (004) 391,186 
Carp 2,148 (2, 1) 234 (0.2) 28 (0) 101,403 
Catfish 2,977 (1.0) 168 (0.1) 131 (0) 190,391 
Croaker 9 (0) 692,018 
Eel 38 (0) 156,608 
Flounder 23 (0) 5 (0) 677,468 
Giaard Shad 2,050 (16. 1) 1 2,752 
Herring(C) JOO (0.5) 7 (0) 10 (0) 65,497 
American Shad (Roe) 7J 89 76,580 
American Shad (Buck) 14 39 
Hickory Shad 4 (0.5) 810 
Menhaden 6n (0) 1,100 (0) 3,075 (0) 8,162,649 
Striped Bass 14,lB7 (0. B) 18,454 (1.1) 520 (0) 1 ,732,144 
White Perch 17,533 (4.8) 5,594 (1.0) 1 ,251 (0.2) 568,308 
Yellow Perch 2,868 (16.2) 17,739 

1978 

Bluefish 13 (0) 255 (0) 288,806 
Carp 916 (1.0) 310 (0.3) 20 (0) 95,787 
Catfish 1,234 (0.4) J40 (0. 1) 1 36 (0) 350,558 
Croaker 582,356 
Eel 206,000 
Flou nder 
Gizzard Shad .105 (1.2) 4,178 
Herring(C) 542 (0.2) 18 (0) 20 (0) 255,191 
American Shad (Roe) 12 (0) 3 (0) 6,614(d) 
American Shad (Buck) 4 (0) 
Hickory Shad 1,136 
Manhaden 373 (0) 333 (0) 3,280 (0) 7,085,357 
Striped Bass 14,372 (1.2) 2,383 (0.2) 227 (0) 1,189,499 
White Perch 33,213 (3.2) 4,689 (0.5) 527 (0.1) 1,040,383 
Yellow Perch 1,J04 (4.5) 29,261 

(a) Data provided by Steve Early, Maryland Department of Natural Resources to T.M. Poston, 
PNL, no date. 
(b) USDC 1978. 
(c) I ncludes alewife, Maryland total is su m of alewife and herring. 
(d) Total of both Buck and Roe Shad. 

produdive than the Patapsco River. Overal l ,  these three areas account for only a small fraction of 
the total Maryland catch. Yellow perch and gizzard shad are the only two species which account for 
a notable percentage. 

In a separate s tudy, the Maryland Waterman's Association (MWA 1978) surveyed commercial finfish
ing in  the upper Chesapeake Bay. The Gunpowder River drainage which include, Saltpeter Creek was rated as good 

10 fair for standard bollom nelling lechniques (i.e., anchor net, fyke net, etc.). The Patapsco River was rated as fai r  
for rockfish, perch, and catfish d uring t h e  fall . 
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Recreational Species 

The dense population of the Balt imore area precludes any major hunting adivities. It is l i kely that 
sporadic hunting occurs in  u nderdeveloped areas at Marley Neck .Jnd around Crane; however, more 
attractive areas are i\vailable for hunting in  the Baltimo re region .  The wildl ife habitats that these 
areas and associated wetlands provide are becoming scarce due to encroaching u rbanizat ion and 
industry. 

The area a round th(' Crane station i> more conducive to hunting because of its rural nature. Waterfowl ar� abundant due to 
the a vailability of food in the area, and duck hunting is popular here. Carroll Island. located to the east of the Crane stalion. 
has been designated as a wildlife sanctuary. It falls within the boundaries of the Aberdeen Pro .ving Ground and is owned by 
the Federal government. The pol l ution-induced impoverished nature of Patapsco River sediments, h ow
ever, provides l ittle if any food for waterfowl; hence most waterfowl observed in the Patapsco R iver 
are probably in  transit. 

Site-specific i nformation concerning recreational fish ing activities is not available. The Patapsco 
River and Seneca and Saltpeter Creeks are excluded from the closest study region-Area 3-as designated 
by the Maryland F isheries Admin istration (Speir et a l .  1 977). Area 3 comprises the Chesapeake Bay 
area proper in front of the mouth of the Patapsco River north to Pooles Island (east of Carrol l  
Is land),  excluding al l  tributaries on the west s ide of Chesapeake Bay (Figu re 3 .11 ) .  The data provided 
in  this reference did i ndicate the significance of recreational fish ing in Area 3 from May to Odober 
of 1976. The most sought-after species in decreasing order are b luefish, st r iped bass, white perch, 
spot, and croaker. Ot her game f ish in the three streams include catfish, carp, and yel low perch. 

Threatened and Endangered Species 

A l ist ing of threatened and enda ngered species that occur within a 5- or 50-milE: radius of the BG&E 
generat ing stations is presented in  Table 3.19.(a) None of these species have been reported at either 
of the generat ing stat ion sites. Marine turtles that a ppear on both the Federal and State l ists have 
been docu mented in Chesapeake Bay as far north as the Patapsco River, but sighti ngs there are 
rare. 

3.6 CULTURAL VALUES 

3.6.1 Archaeological and Historical Sites 

There a re no historic landmarks l isted by or eligible for inclusion in the Nationa l  Register of Historic 
Places located on or i mmediately adjacent to the Brandon Shores or Crane sites (MOECO 1978). H is
toric sites and landmarks do exist, however, in  Anne Arundel Cou nty, in Baltimore County, and i n  
t h e  C ity of Baltimore. A n u mber o f  historic sites i n  these th ree areas have been p laced on either the 
National Register of H istoric places or identi fied as a Nationa l  H istoric Landmark. A l ist ing of 
National Historic places and Landmarks is shown in Appendix O. The State Historic Preservation 
Officer has indicated the belief that the Federal action wi l l  have no affect on h istoric strl·�tures or 
a rcheological resou rces (Appendix 0). 

( a )  Lei t er, from G.  J. Taylor . Mdfy lanu Depl. of Nalura l  Re,ourcP'. to T. M Po,lon. PNL,  Apr ; !  14 .  1981 ; anu G.  A. MOler. U.S .  
F i,h  anu Wilulife Servi,,'. lo T. M.  POIlon. PNL, May 1 3 .  1981 . 
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Figure 3.11. Proximity of NOAA and State Commercial and Recreational F ishing Areas to Brandon Shores, 
Crane and Wagner Generat ing Stations 

3.6.2 Aesthetic Values 

The Brandon Shores and Crane sites each contain waterfront property. The Brandon Shores site has 
frontage on the Patapsco River while ihe Crane lit e hal (rontage on Seneca and Saltpeter Creeks. The land adja
cent to the gent:rating stations is flat, provid ing l i ttle screening pf site facilities by the terra in.  Thus, 
site faci l it ies can be seen for some .:ktal .u' from the water. The view of facilities from land at  each 
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TABLE 3.19. Threatened or Endangered :t1ecies Found Within 5 a nd 50 Miles 
of Brandon Shores and Crane 

Species (on both Feder .. 1 and Slate lists) 

Bald Eagle (Haliaeetus leucocephJlus) 

Delmarva Fox Squirrel (Sciurus niger ce'lereus) 

Peregrine Falcon (Falco peregrinus anatum)(a) 

Maryland Darter (Etheostoma sel/are) 
Red-Cock .. ded Woodpecker (Dendrocopus 
bor�alis)(a) 

Species (on State Lists Only) 

Bog Turtle (C/emmys muhlenbergi) 

Eastern Tiger Salamander (Ambystoma tigrinum 
tigrinum 

Eastern Narrow Mouthed Toad (Gastrophryne 
carolinesis) 

Location 

Nest n. of (rane Station within :i-mile 
(8 km) radius of station; also near 
Annapolis. 

A:�ng eastern shore, Chesapeake 
Bay within 50 miles (80 km) of 
stations. 
Presently being reintroduced 
with in 5 miles of BG&E stations. 
Deer Creek, Harford County, MD 
Within 50 miles of BG&E stations 

Location 

Within 50 miles (80 km) of BG&E) 
stations 

Within 50 miles of BG&E stations 

With in  50 miles of BG&E stations 

(a) Letter from D. Valentine, ERA, to R. A. Craig, PNL, September 28, 1983. 

�i!e is screened to varying degrees by trees and other n atural vegetation .  This screen is more com
plete during the Spring, Summer, and t!arly Fall. The facilities at Brandon Shores become more vis
ible during winter months to both nearby residential areas and h ighway traffic. Crane is sufficiently 

distant from main highways that loss of foliage does not increase the view from the road. 

Facilities at Brandon Shores l ie within 2 mi les (3 km) of H ighway 695 and can be seen from the Fran
cis Scott Key Bridge. There are a number of recreational sites of local importance that have views of 
the Brandon Shores facility, i.e., Fort Armistead Park (two miles away; and Fort Smal lwood Park (two 
and one-half miles away). The view from these parks also includes many other industrial facil it ies. 

3.7 AMBIENT NOISE LEVELS 

The two generating stations hav,:; different noise environments. They differ by location, existing 
noise levels, sou rces of noise ,md their present level of compliance with noise standards. N oise 
l im its for areas surrounding ,he sites are determined by land use zoning. (a) 

3.7.1 Noise Level Criteria 

The Maryland Department of Health and Mental Hygiene has jurisdidion over and is respon sible 
for the enforcement of noise regu lations. Existing State regulations for maximum al lowable noise 
levels are based u pon land use categories (Table 3.20). These maximum limits are promulgated to 
ensu re that Environmental Noise Standards (ENS) '.re not exceeded. The ENS for industrial zones are 

(a) Letter from M. Halka, Maryland Dept. of Site Planning, to T. M. Poston, PNL October 30, 1980. 
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TABLE 3.20. Max i m u m  Allowable Noise Levels (dBA) for Receiving Land Us.., t 3:" lZories,(a) 
State of Maryla nd, Department of Health and Mental hygiene 

I ndustrial  Commercial 

Non-l.,1nstruction 
Day 75 67 
I'.':ght 75 62 

Environmental 
Noise Standards 70 leq 

(b) 64 Leq 
(c) 

Construction 
Day 90 90 

(a) Measured at t h e  fence l ine or zone boundary. 
{b: Equivalent $ound level. 
(c) Day-night sound level. 

Residential 

60 
50 

55 Leq 

90 

expressed as the "equivaler.t sound  level (Leg 24)," an integrated average level of constant sound 
that represents the actual  time-varying sound observed during a specified time period. The day
night average sound level (Ldn) is used for com mercial and residential zones. I t  incorporates a 
10 decibel penalty into the 24· hour average for sound generated during a 9-hou r n ighttime period. 

Special provisions are made for constructIon sites. Nuise Ip.vels must not exceed 90 dBA du ring day
time hours or  the zones' n ightt ime max imum (Table 3.20). Prominent d iscrete tones or periodic 
noises must not exceed a levei which is 5 dBA less than the applicable standard. Rai l roads are 
exempt from these regulations. 

3.7.2 Brandon Shores Noise Levels 

Because the Brar,don Shore� site is contiguous with BG&E's Wagner Generating Station, the S{;:�e of 
Maryland views them as a s;"gle noise source, and has determined that the evaluation of com
plia nce with State noise standards should include both facilities (Roig 1 980). Both stations a re zoned 
W-3 (heavy industrial) but are bordered by residential and commercial distr icts. The com munity of 
Foreman's Corner is located about  5000 feet (1520 m) to the northwest vf the Brandon Shores site 
(F igure 3.1 0) ,  and the nearest residence is located about 2000 feet (610 m) away on Ft. Smal lwood 
Road. The closest commu nity to \h� Wagner Generating Stat ion, Orchard Beach, is located to the 
south across Cox Creek. Measurements of ambient noise leVEls (leq) at Stony Beach (northeast of 
Orchard Beach) ranged from 54 to 60 dBA in a recent su rvey (Goodfriend 1 980). The Wagner Gen
erating Station contributed to these noise levels  along with aircraft and the Bethlehem Steel plant 
located across the Patapsco River. Measu rements at Foreman's Corner (intersect iol" of Ft. Small 
wood Road with Marley Neck Road) ranged from 45 dBA at n ight to 57 dBA during the afternoon 
(Goodfrienci 1980). 

3.7.3 Crane Noise Levels 

The Crane site is zoned low-density, rural residential. The nearest community. Senec;1 Park. is Incated west of the plant. The 

nearest residence is about 1500 feet (460 m) away. Carrol/ Is/and, loedted southt'd,t of the plant. i, a designated wildlife 

�fuge. The primary source of ambient noise in t h e  area is the Crane Generating Statirrl. An,bil'nt noise levels under oil

fired operation (Secticn 4.6.2) were estimated at 49 and 52 dBA at 'he generating station boun(Jary (rigure 3.9). These est;

mates were made using methods of the Edison flectric !nstitute (££1 1 978) Jnd withoul accounting for terrain or barrier 

effects. Consequently, they should be regar Jed as conservative estimates of ambient sound leve's, and may be u nrealistically 

high. 
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3.8 DEMOGRAPHIC, ECONOMIC, AND SOCIAL CHARACTERISTICS 

Baltimore Gas and Electric's Brandon Shores and Crane Generating Stations are located within BG&E's 
central Maryland service territory. The Brandon Shores station is located on the eastern shorel ine of 
Anne Arundel Coun ty; the Crane sWion is located on the eastern shoreline of BoJhimore County. Baltimore City is 
immediately adjacent to and between both counties (F igure 3.12). 

The stations are important contributors to BG&E's overall abil ity to generate electricity to meet 
service-area customer needs. The demographic, economic, and social characteristics of BG&E's rela
tively compact service area are discussed below. These characteristics are important because popu
lation and economic activity create electrical demand. The conversion of the stations from oil to 
alternate fuels may result in localized social and economic impacts during the time construction is 
underway and during subsequent plant operation. 

3.8.1 Demography 

Baltimore Gas and E lectric provides electrical service to an area of approximately 2300 square miles 
(5960 km') in  central Maryland. Although BG&E serves portions of Calvert, Prince Georges, and 
Montgomery Counties, approximately 90 percent of the uti lity's customers and direct sales come 
from within the Baltimore metropolitan area. This metropolitan area is composed of the five coun-

c:::J TERRITORY SERVED 
CD BRANDON SHORES 
@ CHAR LES P. CRANE 

Figure 3.12. Baltimore Gas and Electric Service Area 
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ties of Anne Arundel, Baltimore, Carroll, Harford, and Howard, and th,.: City uf Baltimore. The 79 
square mile (205 km2) City of Baltimore, wh ich ranks among the Nation's ten r.1Ost populous cities, 
is an i n dependent po litical subd ivision of Maryland. The ful l  metropolitan area is among the 
natio n 's twenty most populated. Popu lation growth for the Baltimore Metropolitan Area was about 
3.4 percent between 1 970 and 1977, whi le statewide population g rowth for  the same period was 
about 5.2 percent. 

The populatio n growth rate of the Balt imore metropolitan area can be compared with that for the 
state for each of the years { om 1 950 through 1 980 (Table 3.21). Throughout this  period, statewide 
g rowth rates have exceeded those of the Baltimore metropolitan area. With in  the metropolitan · 
a rea, s ignificant popu lation shifts have been underway since 1 950. Between 1 950 and 1980, the pop
u lation has grown from 1 ,457,000 to an estimated 2,270,000 (an increase of 56 percent) while Balti
�ore C ity popu lation has declined from 950,000 to an estimated 828,000 (a decline of 13 percent) 
(MDECD 1980a,b,c). 

Popu lation projections for 1 990 by the Maryland Department of Economic and Commun ity Devel
opment (MDECD) indicate that the Baltimore C ity population wil l  stabil ize at about the current 
level, while the population of the total Baltimore metropolitan area wil l  increase to 2,569,000 
(MDECD 1980a,b,c). Allowing for births and deaths, these projections suggest that the net migration 
away from Baltimore City will cease. For the total metropolitian area, total n et migration will be 
close to zero. Thus, for the foreseeable future, population growth of the Baltimore area will be 
with in  the range considered reasonable for orderly development. The projected populat ion 
increase shou ld  not put u ndue stress on the region as a whole, (llthough the shifts i n  popu lation 
may create some housing, transportation ,  and goverl1ment service problems at the local level. 

3.8.2 Economics 

The central Maryland area served by BG&E has a highly diversified economic  base covering a broad 
spect rum of manufactur ing and non-manufacturing industries. I n  1 978. the Baltimore metropolitan 
area had a civi l ian labor force estimated at 1 ,034,000. The annual average unemployment for the 
same year was 64,000, or 6 . 8  percent of the labor force. This is 1 .2 percent above that for the State as 
a whole for 1 978, and 0.8 ·percent above the national average. 

'
I n January 1980, the MDECD esti

mated that the labor potential of the Baltimore metropolitan area was over 260,000 persons, includ
ing the unemployed, underemployed, high school graduates, and women (who are not now in the 
labor force, b u t  who would enter if  jobs were avai lable) (MDECD 1 '·�Oa,b.c). 

TABLE 3.21. Population Growth 

Populatioil (in thousands) Population Change, percentage 
Baltimore Baltimore Baltimore Baltimore Balt imore 

Year Ci,y Metro. Area Maryland City Metro. Area Maryland 

1 950 950 1,457 2.343 
-1 .2  23.8 32.4 

1 960 939 1,804 3.101 
1 970 906 2.071 3,924 

-3. 5 14.8 26.5 

1 975 850 2.142 4, 1 30 
-6.2 3.4 5.2 

1 980 (proj.) 829 2.270 4.373 
-2.5 6.0 5.9 
-0. 1 1 3.2 14.3 

1 990 (proj.) 828 2,569 4,998 

Source: MDECD 1980b. 
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Employment statistics for the third quarter of 1 978 ind icate that the government sector (Federal, 
State and local) provides about 26 percent of the region's jobs, up from 21 percent in 1970 (DESS 
1970; OPPE 1978) . Employment provided by the private sector has declined from 79 percent to 74 
percent du ring the same period. Within the private sector, some important shifts have taken place 
as well. Between the third quarter of 1970 and the third quarter of 1978, manufacturing's share of 
private sector jobs dropped from 34 percent to 24 percent, while jobs in the service industries 
increased from 13 percent to 24 percent of the total private sector employment (Table 3.22). 

In recent years, the Baltimore metropolitan region has witnessed a reduction in  its manu facturing 
base due in part to the decline in  employment in  the primary metals industry. Although sign ificant 
growth has taken place within both the public and private service sectors, the region sti ll has a large 
reserve of techn ically ski l led labor. 

-- - - - -- -- - 1  

The Baltimore metropolitan area provides broad opportu nity for u ndergraduate, g raduate, voca
tional,  techn ical, and adult  education. Existing programs produce large numbers of high ly ski l led 
workers. I n  addition, the Division of Vocational and Technical Education of the Maryland State 
Department of Education, in cooperation with the Maryland Division of Business and I n dustrial 
Development, offers a manpower train ing program to meet the needs of new and expanding indus
try. I f  the need is shown, training can be provided promptly with little or no expense to the 
employer. Thus,  t he region is well prepared to meet the train ing needs of industry throughout the 
1 980s. 

. 

On a region-wide basis, h ouses and apartment  units are avai lable for rent or sale. Withi n  a short d is
tance of both of the generating stations, housing and apartment vacancies exist. I t  is expected that, 
with normal economic expansion ,  housing wil l  cont inue to be av;;ilable in  the communities near 
each of the generating stations. 

TABLE 3.22. Private Sector Employment-Baltimore Metropolitan Area 

1970 ·- 1978 -
3rd Quarter 3rd Quarter 

Sedor Employment Percentage Employment Percentage 

Manufacturing 195,379 34 166.848 24 

Cont ract Construction 45,657 6 52,466 8 

Transportation/ 49,526 9 50.575 7 
Communications and 
Uti lities 

Wholesale/Retail Trade 170,340 29 198,816 29 

F i nancial Insurance 43.166 7 53.556 8 
and Real Estate 

Servile and Others 77.608 1 3  169.425 24 

581.676 100 691.686 100 
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4.0 ENVIRONMENTAL CONSEQUENCES OF FUEL CONVER�ION 

The proposed Federal action, finalization of proh ibition orders for Brandon Shores Units 1 and 2, 
would prohibit the use of petroleum at these un its. F inal ization of the orders would lead to the 
conversion of the Brandon Shores units to an alternate fuel, most l ikely coal. The conversio n to 
coal, and the use of coal by these units, would result in environmental impacts. This section exam
ines those impact�. 

Because BG&E hopes to avoid delays in the sta rt-u p  process, they have anticipated tnt: finaiization 
of the orders and have performed many of the construction measur<!s that are necessary to ccnvert 
the units to coal-fired operation. Accordingly, those impacts associated with the construction mea
sures have already occu rred; however, they are included in this section because 1) they are part of 
the effect of the Federal action, and 2) this EIS provides environmental documentation for permits 
issued to State and local agencies. 

In addilion. BG&f is volunlarify converling Units 1 and 2 at the CP. Crane Generating Station to coal (and RDF. as available. 

at Unit 1). This conversion is not part of the Federal action. However. because both Brandon Shores and Crane facilities are 

owned by BG&f and because they are in dose proximity. the effects resulting f�om the conversion of t:le Crane Ur.::s are 

described here to support Sfate and local decision-making procedures (in accordance with 40 CFR 1506.20). In order to 

emphasize the separation of the effects of the voluntary conversion from the effects of the Federal action. the effects related 

only to the conversion of the Crane units have been printed in smaller type. 

4.1 AIR QUALITY 

The conversion of the fou r  units wou ld result in air-quality impacts on both local and long-range 
scales. "local" refers to distances of 10  or  20 km from the stations. In tPis analysis, the term "long 
range" refers to distances extending beyond the vicinity of the stations to wherever winds carry t he 
plumes. Appendix H describes the models and assu mptions used in the air qual ity ancl;yses.  local 
increases in atmospheric pollutants would be caused by both particulate fugitive dust and stack 
emissions, particu larly in regard to such air pollutants as total suspended particulates (TSP) ,  su lfur 
dioxide (SOl) , carbon monoxide (CO), hydrocarbons (HC), and nitrogen d ioxide (NOl). The poten
tial for long-range effects from these emissions relates to the formation of acid rain and secondary 
pollutants (e.g., ozone) (see Section 2.5). 

4.1.1 Characteristics of the Combustion Products from the Four Generiilting Stiiltions 

The stack emissions of Brandon Shores Units 1 and 2 and Crane Units 1 and 2 have been identified 
(Tables 4.1 and 4.2). These tables contain estimates of the gaseous and solid combustion products 
t hat would be emitted from stacks during the burning of various types of fuels for a range of load 
factors. The fuel scenarios (Table 2.1 )  demarcate the fuels or  combinations of fuels that would pro
duce designated sulfur dioxide (SOl) and total suspended particulate (TSP) emissions levels. The fol
lowing bases were used for estimating th::: �mission characteristics given in Tables 4.1 and 4.2: 

• The stack gas from all boilers contains 10% water by volume. 

• The SOl and TSP emissions are established from State of Maryland regulations and Federal NSPS 
limits. 

• The emissions of Pb, CI, and F are dependent upon particu late control at the stacks. The percent 
particu late removal for each stack is 99 percent for Brandon Shores 1 and 2 and 85 percent for Crane 1 

and 2. 
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TABLE 4.1. Stack Emission Characteristics for Brandon Shores Units 1 and 2 

Scenarios 1 & 2 Scenarios 3 & 5 Scenario 4 
Emissions, g/s Units 1 and 2(a) Units 1 and 2(a) Units 1 and 2(01) 

Particulates at 100% load(b) 35.0 35.0 35.0 
SOl(b) at 100% load 600 900 600 

75% load NV(C) 677 N V  
50% load NV 450 N V  

NOl 224.5 526 526 
CO 23.9 30 30 
Hydroca�bons 4.5 9.0 9.0 
Pb (particulate)(d) 3 x 1 0-4 0.01 0.01 
Chloride(d) -(e) 3 x 1 0 4 3 X 10-4 
F luoride(d) 0.01 0.01 
lllRn, Ci/yrlf) 0.87 0.87 

Stack 

Actual Height, m 213.4 213.4 213.4 
GEP Height, M 187.0 187.0 1 87.0 
Diameter, m 6.71 6.71 6.71 
Exit Velocity, m/s(g) 

100% load 30.2 23.7 20.8 
75% load NV 18.3 NV 
50% load NV 1 3.7 NV 

Ex i t  Temperatu re, °K(g) 
100% load 578 403 353 

75% load NV 394 N V  
50% load NV 364 NV 

Heat I nput a t  100% load 
1()6 Btulhour 5940 5960 596G 

(a) Emission values are same for both u nits; values given are for single u ni t. 
(b) Based on fuel scenario emissions. 
(c) No computation for these entries; NV = No value used. 
(d) Based on current particulate control at  stack. 
(e) "-" taken to be zero. 
(f) !:astern coal (Dvorak et al. 1978) 
(g) Source: Data suppl ied by BG&E in letter to ERA, February 1981 . 

• The stack gas is taken to be at one atmosphere pressure. The standard temperature for calculations 
is 25°C (298°K)  . 

• Emissions of �22R n  are for eastern coal ilnd are taken to be insign ificant for fuels other than coal. 

The actual emissions of Pb, C/, and F after c0nversion to an alternate fuel may be considerably smaller than s�()wn in 

Table 4.2 for Crane. The difference '"ould depend on the improvem ent in particulate control that would be required to 

meet the removal efficiencies for to,�1 particulate emissions shown in these tables. A typical. state-of-the-an. particulate 

removal efficiency is 99.5 percent. 

4.1.2 Fugitive-Dust Emissions 

Fugit ive emissions arise from construction and routine operations. Although potential impacts are 
difficult to define because of large variabil ity in  emissions rates, impacts were characterized for 
these two sets of activit ies. 

4.2 



TABLE 4.2. Stack Emissi�n Characteristics for the BG&E Crane Units 1 and 2 

Emissions, g/s 

Particulates at 
100% load(a) 

sola) at 100% load 
75% load 
50% load 

NO, 
CO 
Hydrocarbons 
Ph (particulate/C) 
Chloride(C) 
Fluoride(c) 
lllRn Ci/yr(e) 

Height, m 
Diameter, m 

Stack 

Exit Velocity, m/s(f) 
100% load 
75% load 
50% load 

Exit Temperature, °K(f) 
100"/0 load 
75% load 
50% load 

Heat Input at 100% load 
1(1 Btu/hour 

(a) Based on fuel scenario emissions. 

Scenario 1 

Unit 1 

7.9 

294.5 

220. 9 

147.3 

166.7 

7.8 

1.5 

0.03 
_(d) 

108 

3.3 

35.0 

24.4 

16.8 

422 

394 

394 

1946 

(b) No computation for these entries; NV = no values used. 
(c) Based on C! 'rrent pal ticulate control at stack. 
(d) "-" taken Je zero. 
(e) Eastern coal (Dvorak et al. 1978). 

(f) Data supplied by BG&E in leiter 10 ERA. February 1981. 

Scenarios 2, 3, 4, 5 

Unit 2 Unit 1 Unit 2 

7.9 12.0 12.0 

288.8 864.3 854. 0 

216.8 664.5 363.9 

144.5 429.7 424.6 

163.6 539.7 533.3 

7.7 9.8 9. 7 

1.4 2. 9 2. 9 

0.03 0.11 0.03 

3 "  1CrJ 3 "  1CrJ 
0.1 1  0. 11  

0.27 0.27 

108 108 108 

3.3 3.3 3.3 

35.0 35.0 35.0 

24.4 24.4 24.4 

16.8 16.8 16.S 

422 422 422 

394 394 394 

394 394 394 

1910 1947 1 924 

The conversion of the Brandon Shores and Crane units from oil to coal involves some construction 
adivity. This activity would produce uncontrolled releases of dust, primarily from veh icu lar  traffic 
and heavy equ ipment operations, 

Any i mpads caused by releases of dust from construdion adivities would be short-term in natu re 
(dur ing  the construct ion period on ly). NAAQS and PSD regulat ions do l u)i  apply to these incremen
tal increases in TSP resu lting from construction adivity. Reasonable dust-control  practices such as 
wetting surfaces wou ld be required at the construct ion site to minimize local impacts. 

Atmospheric dust entrainme.l! occurs dur ing routine operation of coal-fired generating stations. 
These releases occu r as a result of coat, l imestone, and residue (e.g., fly ash) handl ing, and wind 
erosion of storage piles of these materials. Releases from these sources are in fluenced by the 
amount  of material handled, type of transportation used, the quantity and location of the stored 
material, and weather conditions. 

local TSP concentrat ions would be affected by the suspension of particu late matter from the opera
tion of coal- and ash-handl ing and -storage equipment. In areas that are in attainment for TSP, 
i ncreases cannot exceed the NAAQS, nor consume' more than the available PSD increment. In a 
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non-attainment a rea for TSP, increases must be less than the level of modeled significance (de min
imis level) as d�fined by EPA. If this is not the case, additional steps would be required to achieve 
compliance. These i nvolve implementing the lowest achieveable emission rate (lAER) a nd, if neces
sary, obtaining emission offsets. 

Operational fugitive emissions from Brandon Shores and Crane, however, would consume !)5D 
increment assuming a baseline has been triggered. Detailed modeling has been made of the fugi
tive J: !st emissions from conversions at Brandon Shores (Environplan 1 98Oa, Envi ronplan 198 1) and 

Cr;;ne (fnvironpian 1980b). These show that the conversions as proposed by BG&E would meet the 
applicable TSP air-quality standards and regulations both in the attainment and nearby non
attainment areas. The BG&E proposals are similar to Scenario 3. 

A complete modeling of fugitive-dust emissions was deemed inappropriate for this analysis given 
the u ncertainty in the model inputs and the completeness of the Environplan reports. I nstead, a 
fugitive-dust screening model that pred icts worst-case concentrations was used to provide a basis 
for comparison of the relative potentials for fugitive-dust impacts at the two sites. 

The source terms in  the screening model are generic and represent a minimum level of controls on 
emissions. Emission  factors and modeling assumptions for the screening model are given in Appen
dix H. Site-specific sou rce terms were used in the Environplan reports. These detailed fugitive-dust 
computations by Environplan provide estimates of the magn itude of impacts in the region and CO'l
sider several levels of emissic.II' control. 

Table 4.3 lists the estimated 24-hou r average, relative incremental TSP concentrations for al l  un its 
and scenarios for 'Nhich conversions are proposed. Since the fenceline effects are qu ite sensitive to 
the proximity to the station boundaries, both of two coal-pile sites identified for Brandon Shores 
were included in  the screelling analysis. Values are given for construct ion  activity, and for routine 
plant o:-,erations, which include coal handling and storage, limestone handling and storage, and 
fly-ash handling. More detail is  given in  Appendix H .  

The screening-model results for 24-hou r incremental TSP increases provide a basis for comparison 
of the impacts among the scenarios (Table 4.3). A nu mber of air-qual ity problems are projected if 

TABLE 4.3. Screening Model Estimates of Twenty-Four Hour Average, I ncremental TSP 
Concentrations Resuit ing from Fugitive Dust Emissions(a) 

Scenario 

2 3 4 

Brandon Shores(b) 

Routine Operation (Northwest Site) 0 124 1 29 
Routine Operation (Southwest Site) 0 68 68 
Construction 0 29 51 
Crane 

Routine Operation 35 35 35 

Construction 8 8 8 

(a) Relative values for comparitive purposes only. 
(b) Two coal-storage sites ( northwest and southwest of the boiler 

bll i ldings) and coal-handling systems are analyzed for Brandon Shores. 

4.4 

5 

1 �  
68 
29 

35 
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conventional coal-handling and storage methods were used. Although the primary TSP standard would nO( 

be exceeded for any scenario vy the addilion of fugilive dust from Crane, fugitive-dust emissions from Brandon 
Shores might violate NAAQS for all cOdl scenarios, especially if the northwest coal-storage site is 
used. The computed fenceline concentrations at Crane and Brandon Shores were large enough that 
TSP increases might occur on I� � TSP non-attain m ent area. 

The conclusion that conventional wal-handling and -storage methods could lead to a ir-quality 
i mpacts that exceed standards was also made in recent detailed model ing efforts conducted for 
coal conversion at Brandon Shores and Crane (Environplan 1980a, and Environplan 1980b ) . This analysis 
was based on worst case assumption.  Although these used d ifferent emissions characterization, the 
conclusions were the same; an additio nal level of coal-handl ing and -storage dust control wou ld 
be requi red. 

The evaluation of particulate fugitive emissions prepared for BG&E (Envi ronplan 1 980a, 1 980b, and 
1 981 ) for  Brandon Shores a n d  Crane based on improved coal-handling and -storage methods demon
strates complete compliance both in  the attainment and ncn-attainment areas for TSP. One report 
(Enviro nplan 1980a),  based on worst-case assumption, showed possi;"le violations even with improved 
fugitive-dust controls. The revised ana lysis (Enviro n plan 1 981 ) clearly shows all stations in com
pliance. The major difference is the a l lowance for variation of fugitive-dust emission rates with 
wind speed in  the second analysis. The first analysis found maximum TSP concentrations under 
calm conditions-an unrealistic situation.  

The fugitive-dust impact values reported for Crane (Environplan 1980b). although i n  compliance. are considered t o  b e  over

estimates. They are based on the type of emission term formulation in the earlier Brandon Shores report that resulted in 

fugitive-dust maxiorwms under calm conditions. 

The Envi ronplan TSP values for Brandon Shores and Crane are summarized in Table 4.4. Both PSD 
increments and the total TSP concentrations are given. Two levels of control strategies are shown for Crane. a, 

well ls computations with and without cain, conditions. These show that particulate emissions from the coal
handl ing system at the Brandon Shores and Crane Generating Stations would comply with 24-hour  
average and annual average NAAQ� and Class I I  PSD increments for TSP. I n  addition, no sign ificant 
impact is projected to occur at lny t ime in the d�signated secondary non-attainment a rea near 
these plants. No predicted concentration exceeds 5 pg/mJ a long the nearest bou ndaries. 

4.1.3 Stack Emissions and Air Quality Impacts 

The changes in the stack emissions caused by conversion may result in potential changes in air qual
ity on both a local a nd regional leve!. Degradation of air qual ity may occu r, reflecting i ncreases in 
�tack em:ssions in the various fuel-conversion sce narios relative to the the no-action scenario (Sce
nario 1 ) .  This section considers local max imurn atmospheric concentrations, PSD increment con
su mption, local deposition patterns, and !ong-range impacts. 

Local Air Quality 

The magnitude of increase in the concentration of air pollutants at ground level in the vicin i ty of a 
generating station depends on the emission rate or a pollutant, its release characteristics, and pre
vail ing meteorological conditions. NAAQS and PSD increments are promulgated to protect local air 
qu ality. The former are g iven in Table 3.4 and the latter in Table 4.5. All fou r  un its are in a Class I I  
area for PSD consumption . 

The emission values in Tables 4.1 and 5.2 were used in the modeling to assess the impact of the 
pollutants on ambient air qual ity. 
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TABLE 4.4. Summary of Fugitive Particulate TSP I ncreases from Conversion to Coal of Brandon 
Shores Units 1 and 2 �nd Crane Units 1 and 2 

Attain ment 
Area for TSP Non-Attainment Area for TSP 

Brandon Shores(a) 

Increment 
Tota((c) 

Craneld)lncrement 

Cranele) 

Increment 

Totallt;) 

Cranel£) Increment 

Maximum 
Annual 

O.4(b) 

53.8 

30. 7 

5. 7 
49.1 

Second H igh 
24-Hour  

2.0 
1 1 6.0 

472.2 

39.5 
144.5 
20.1 

Maximum 
Annual  

0.05 
-(g) 

0. 15 

(a) Environplan 1981. Based on five years of meteorological data (1 964-1968). 
(b) pg/m J; computed with ISC model. 

Highest 
24-Hour 

2.0 

4.9 

Second High 
24-Hour 

1 . 2  

(c) Backgrou nd p l u s  increment. 
Id) fnvironplan 1980b. Based on five years of meteorological data 11964-1968) using the current fugitive dust .:Onlrol 

strategy. 

Ie) fnviroplan 7980b. Based on five years of met eorological data 17964-1968) using additional fugitive dust control 

strategy. 

If) Recomputation of Ie) with calm conditions eliminated for all dates with second-high values exceeding NAAQS I:.ased 

on assumptions that calm conditions given unrealist ically high concentrations. 

(g) "-" = No value given. 

TABLE 4.5. Prevention of Significant Deterioration I ncremenL 
for Class I I  Areas 

SOl 
An"ua l  
24-hour 
3-hour 

Particu late matter 
Annual 
24-hou r 

Concentration,(a)  

g/m} 

20 
91 

512  

19 
37 

(a)  Allowa ble increase over baseline. 

The analyses in  Appendix H describe the method used i n  estimating potential air-quality impact and 
PSD i ncrement consumption. Air-quality estimates are based on actual stack heights (Brando n  
Shores). PSD increments are based on current PSD-modeling guidelines a n d  practices. 

The changes in air pol lu tant concentrations were modeled for each of  the fuel-conversion scena
rios. The Environ mental Protection Agency's CRSTER model was us�d to compute potential  maxi
mum short-term anJ average annual ai r-quality changes. Details of these computati.:ms are given in  
Appendix  H. The tabular results presented in th is  section are presented in more detai l  in Appendix H.  
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Maximum pol lutant concentrations and PSD increment consu mption frC'm stack emissions were 
computed with load factors of 50%, 75%, and 100%. The load factors result ing in the greatest 
impads were then adopted for more detailed computations of maximum i mpads. 

Maximum ground-level S02 and TSP concentrations for each of the scenarios are given in Tables 4.6 
to 4.9. These are the sums of the maxim u m  modeled conversion increment for five meteorological 
years and the h ighest monitored values (1978 data - see Section 3.2.1 .3 and Appendix H) in the 
immediate vicinity of the stations. 

Air Qu.lIity 

Cu rrent monitoring data contain no contribution from stack emissions from the Brandon Shores 
station.  I ncreases in the concentration of  air quality parameters are estimated by adding the calcu
lated in crease in a parameter to its maximum monitored value. No allowance is made for projecting 
any changes in ambient levels at the t ime of conversion. With the exception of adjacent un its at 
Brandon Sho-es and Crane, other currently operating sources in the area are assumed to be contained in  
the monitored values, and are not modeled separately. 

The exact coincidence in time and space of the highest computed and monitored values is qu ite 
u nl ikely. Hence, the use of maximum monitored values provides a degree of conservatism in the 
predicted maximum values. 

Tables 4.6 and 4.7 summarize the maximum predkted S02 and TSP ccncentrations for Brandon 
Shores. All  maximum TSP values for Brandon Shores, which are the su m of the ambient concentra
tion plus the contribution for Brandon Shores, exceed the NAAQS, reflecting the proximity of the 
station to a non-attain ment area for TSP. The increases in TSP are less than the levels-of-modeled
sign ificance as defined by EPA, and as such are acceptable. All cases meet the applicable NAAQS. 

for Crane, the maximum SO, and TSP concentrations in Tables 4.8 and 4. 9 were obtained by adding the calculated concen

trations to the maximum monitored values. All scenarios for TSP meet the applicable NAAQS. 

TABLE 4.6. Predicted Maximum S02 Concentrations for Brandon Shores{a) 

Highest Highest Second High Highest Second High 
Scenarios Ann ual 24-Hour 24-Hour 3-Hour 3-Hour 

1 .2 29(64) (b) 1 64(64) 1 53(64,66) 538(68) 496(64) 
3,5 30(64) 218(64) 200(64) 1018(64) 874(64) 
4 30(64) 207(64) 1 86(68) 930(68) 731(64) 
M(c) 28 1 39 (d) 384 (d)  
Std (e) 80 (d) 365 (d) 1 300 

(a) Single-station values compu ted using EPA CRSTER Mode! with rural option for 5 years of meteorological 
data (1964-1 968) and 100% load factor emission values. Va lues in !;/ml fol lowed by the year of  the estimate 
in  parenthc5es. Standards apply only to second ' ,'gh 24-hour and 3-hour values. 

(b) I ncre;;se less than EPA level of  significance, 
(c) Ma�imum monitorer:i values for 1978 used for maximum Brandon Shores background;  this is indicated in 

the highest and second high predicted concen trations. 
(d) No value applicabi�. 
(e) National Ambient Air Quality Standards. 
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TABLE 4.7. Predicted Maximum TSP Concentrations for Bra ndon Shores(a) ( I nclu ding Ambient) 

Scenarios 
Highest 
Annual 

Highest 
24-Hour 

1,2 69 (increment is less t han de 217 (increment is less than 
minimus) (b) de min;mus) (c) 

3,5, 69 (increment is less than de 218 (increment is less than 
minimus) (b) de minimus) (c) 

4 69 (increment is less than de 219 (increment is less than 
minimus) (b) de minimus) (c) 

Monitored (d) 69 (increment is less t han de 215 (increment is less t han 
minimus) (b) de minimus) (c) 

Std(f) 60 (e) 
De minimis(g) 1 5 

Second High 
24-Hour 

216 (increment is less than 
de minim us) (c) 

217 (increment is less than 
de minimus) (c) 

218 (increment is less than 
de min;mus) (c) 

(e) 
1 50 

5 

(a) Single-station values computed using EPA CRSTER Model with rural option for 5 years of meteorolog
ical data (1964-1968) and 1 00% load factor emission values. Values are Jl8/ml followed by t h e  first year 
the value occurred. Violations are underlined. 

(b) Monitored data are not in attainment for standards; computed concentration is less t han 1 pg/m) 
annual  average de minimis value for TSP. 

(c) Increment is less than the  5 1Jg/m1 24-hour de minimis for TSP. 
(d) Maxim u m  monitored values for 1978 are used for Brandon Shores backe-rou nd estimates. The pre-

dicted values are the sum of monitored values and computed concentration changes. 
(e) No value applicable. 
(f) National Ambient Air Quality Standards. 
(g) De minimis values for TSP in adjacent non-attain ment areas in IJg/ml. 

TABLE 4.8 Predicted Maximum SO, C;:0ncenrrations for Crane(a) 

Highest Highest Second High Highest 
Scenario Annual 24-Hour 24-Hour 3-Hour 

1 22(68) 182(68) 161(66) 683(68) 
2,3,4,5 27(68)· 239(68) · 237(66)· 1547(68) 
Monitored(c) .�" 126 (d) 235 
Std(e) 80 (d) 365 (d) 

Second High 
3-Hour 

456(68) 
883(68) 
(d) 
1300 

(a) Single-station values computed using EPA CRSTER Model with 'ural option for 5 years of meteorological dat� (1964-1968). 
Values are in �g!m) followed by the year of the estimate in pi,;enrhesis. All values are for 100% load factors except those 
marked with an asterisk (.), which are for 75%. 

(b) Based on runs for both 100"k. and 75% lroad factors. 
(c) Maximum monitored values for 1978 used for �aximum Crane background. The highest and second high predicted values is 

the sum c,f this value and the predicted cone< ntration changes. 
(d) No value applicable. 
(e) National Ambient Air Quality Standards. 

The com bined air-qual ity impacts of the conversions of the four un its were also computed. Because 
there is no appreciable overlap between Crane and Brandon Shores plumes, the  com bined maxima 
are identical with the individual station maxima. These combined values are based on 10 km grid 
spacings and provide conservative estimates of the rnaximum values (Appendix H) from conversion 
of Single stat ions. Or.ly annual average combined max imum i mpacts were greater than those com
puted for the i ndividual stations alone. 
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TABLE 4.9. Predicted Maximum TSP Concentrations for Crane(a) 

Highest Highest Second High 
Scenarios Annual 24-Hour 24-Hour 

1 5nb) 1 4a(C) 14*) 

2,3,4,5 5nb) 14a(c) 1 4nc) 

M(d) 57 146 (e) 
Std(f) 60 (e) 150 
DM(g) 5 5 

(a) Sing/e-st.tion values computed using EPA CRSTER Model with rural option for 5 years of meteorological 
data (1964-1968). Values are in Ilg/mJ followed by the first year thai the value occurred. All are based on 
100"A. load factor. 

(b) Monitored data are not in attainment for standards; computed concentration is less than 1 11g/mJ annual 
average de minimis value for TSP. 

(c) Increment is less than the 5 11g/mJ 24-hour de minimis value for TSP. 
(d) Maximum mo:litored values for 1978 are used for Crane background estimates. The predicted values are 

the sum of a monitored value and the computed concentration changes. 
(e) No value applicable. 
(f) National Ambient Air Quality Standards. Standards apply to second-high 24-hour values_ 
(g) De minimis values for TSP for non-attainment areas in JJg/mJ. 

Nitrcgen dioxiGe, a secondary pollu tant, ;s formed primarily by the oxidation of NO.  A conservative 
estimate of ground-level N02 can be made if one  assumes that all NOx emissions a re in the form of 
N02. Based on this assumption, an increase in  the  ann u al N02 value would  not e xceed 10 Ilg/ml in  
the fuel conversion. For  comparison, the  ex!st ing N02 concentration in  the  vicin ity  of  the plants 
would be approximately half of the ambient air quality standard. Estimates of annual and short-term 
NOx concentration changes are given in  Appendix H. 

PSD Increments 

Althoueh the ordered conversion at Brandon Shores would be exempted from a formal PSD n ew
source r�' :<:!w. these conversions may consume PSD increments through d egradation of a i r  quality. 
The ext" ' .  of potential PSD consumptio'i needs to be considere� for the conversions. Several cdti
cal psr "spects are currently under review; the followin g  discussk ;1 of PSD is based on current 
interpretations. 

The PSD :(jcrerr�:lts given in  Table 4.5 a re the maximum possible computed chan ges in pollutant 
concentrations over baseline concentrations. In the non-attainment areas for TSP, the poll utant 
increments must be less than the de minimis values. Br-3ndon Shores is considered a n  existing facil
ity by cun ent ru les,(a) although fai lu re to make t imely construction progress cou l d  conceivably 
change this status. The original operation of Brandon Shores as permitted by the State of Maryland 
is generally conceded as part of the baseline. The "no-action" operation (Scenario 1) of Crane is also part of the 

bas elir e. 

The PSD increment consumptions from the fuel-com'�rsion scenarios were compu t{:d as diiferen
ces between the conversion and basel ine plumes using the EPA CRSTER model (Appendix H). Actual 

stack h"ights with no building I"Jke effects were used for Crane, while Good Engineering Pradice (GE P) stack 
height (187 m) was used at Brandon Shores. Other emission characteristics a�e l isted in Tables 4. 1 
and 4 2. 

(a: , :: . , . ,  �m Richard D. Wilson, United States Environmental Protection Agetl.:Y dated March 5. 1980 to Mr.  Robert l. 
D • .  �s lom ic Regulatory Administration. Washington. D.C. 
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The PSD increments were computed as the differences betWl m Scenario 1 and the other conversion scenarios for Crane. 

For Brandon Shores, coal-emission rates for S02 (900 g/s) were used instead of oil-emission rates i n  
Scenario 1 .  This i s  based on a dEtermination b y  EPA,(a) The original  emission permit specified fossi l  
fuel, which a llows oi l  o r  coal firing at the specified exit conditions. 

The PSD incremenfs for S02 in Table 4.5 were assumed to be al l  available, reflecting the cu rrent 
situation. Since approval of PSD permit applications, as wel l  as increases in background, resu lt in 
consumption of increment, there appears to be no way to assure the increments will be available at 
the t ime of fuel conversions. For TSP, full increment has been assu med for all areas outside the 
nor.-attainment area. In  practice, the area adjacent to the TSP non-attainment areas wil l  have less 
than fu l l  increment. 

The PSD values indicate the maximum consumption for the several fuel conversion sce narios. 
Although the approach used in Appendix H is accepted by EP-\ to define PSD i ncrements, another 
future modeling effort based on actual f llel conversions and state-of-the-art modeling can be used 
to revise PSD con su mption valu es by interested parties s ubmittin g  PSD applications. PSD values in 
Appendix H are presented to demonstrate the feasibility (or l imitation) of the increment consump
t ion for the conversion scenario. Other approaches may give d ifferent results. 

Table 4.10 lists the applications for PSD permits for facilities other than the Bra ndon Shores and Crane 

that may apply to the lVaiiability of increments in this region. None of these have significant incre
ment consu mption in the vicin ity of Brandon Shores and Crane. 

The region OVlf v/h ich the PSD increments apply is critical to defining potentia l  consumption. I f  the 
basel ine has not been triggered for PSD increment, then emissions for the conversions would have 
been in  PSD baseline. Under cu rrent PSD ru les, the PSD baseli n e  has been triggered for the area 
encompassing both plants. 

The percentage of PSD consumption from individual conversions is gi\len for each site and scenario 
in Table 4.1 1 .  For the computed values at both Brandon Shores and Crane, Scenarios 2, 3, 4, a nd 5 a l l  
consu me less tha n  1 00% of PSD i ncrements for the annual SOl, 24-hour SOl, 3-hOl.r SOl, annual TSP 
and 24-hou r TSP. 

As each of the conversions occur, the consumption of PSD increments would be curr.ulative. The 
�cenarios provide a basis for studying the PSD implication of plume combinations. Maximu m  per
centage of PSD increments accou nting for the time and space combinations of p lumes in each sce
nario are given in Table 4.1 2.  These are based on adding the maxima within 1 k m2 areas over the 
region and using 1 00% load factors for 1964 meteorological cond itions. Although these are conser
vative in that the overlaps of p lumes on areas less than 1 kml may not have the exact overlap of 
maximum values that this analysis assumes, the combinations with other years of meteorological 
data and load factor� may result in higher values. These results provide a basis for the comparison of 
scenarios. As noted earlier, a modeled potential limitation to conversion may be superceded by 
more detailed modeling. 

(a) leller from Richard D. Wilson, Environmental Protection Agency, Washingtop, D.C. dated March ;. 1980 to Mr. Robert 
Davies, Economic Regu latory Agency, Washington, D.C. 
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TABLE 4.10. Emission Characteristics and location of Previous PSD Permit App!ications 

Exit Net Emissions Rates(a) Modification(M) 
Process location Height Diameter Gas Temp. Velocity S02 TSP or New(N) 

Source Name Description (UTM)(b) 1m) (m) (OK) (m/sec) (gm/sec) (gm/sec) Construction 

M iller Asphalt ,...sphalt Plant N 4367.0 N/A(C) 0.95 355 22.1 _(d) 0.53 N 
E 333.0 

Sykesvil!e Const. Co. A�phalt Production N 4383.0 9.15 0.95 394 1 9.52 0.38 N 
E 329.0 

Arundel Corp. Stone Crush. & Size N 4379.0 N/A N/A N/A N/A 1 . 1 5  N 
E 404.0 

Armco Steel Stainless Steel N 4351.7 27.44 6.53 366 3.51 '-4.78j M 
Melt Shop E 364.7 

Campbell Grove Div.! Portable limestone N 4385.2 1 2.20 0.61 295 20.73 0.28 N 
Flintkr ' Co. Crusher E 327.3 

Pulaski H'Way Solid Waste I ncineratkm N 4351.0 51.82 2.13 533 25.0 7.88 2.35 N 
WastE' Reduction Ctr. E 365.9 

Bethlehem Steel Coke Oven Battery N 4340.0 91.46 3.96 533 5.79 (-132.7) (-22.9) M 
E 373.0 

Fires! me Plas;;cs Steam Boiler N 4379.1 1 5.85 1 22 437 9.51 (-1.64) (-0.12) M 
E 407.3 

Southwest Waste I ncineration N 4347.7 95.77 2.1 3  477 20.27 42.3 3.16 N 
Baltimore(e) E 359.3 
Resource Recovery 
Facility 

(a) Where modifications of existing facilities are involved, the quantities specified are the chilr.�e5 in emission rates befo � .md after the 
modificatiors. 

(b) Univcrs.ll Trans Jerse Mercator grid coordinates. 
(c) N/" = Not availal;,le. 
id) "-" taken to be zero. 
(e) I nformation provided by M r. t.. Bowles, State of Maryland, Department of HNlth a nd Mental Hygene, A. lgust 28, 1981. 



, -- -- - - ----------,.' .. _ - - -

TABLE 4.11- Percentage of Maximum PSD Increment Consumptions for Individual Sites(a) 

24-Hour 3-Hour 
Scenario Fadlity Annual S02 SOz S02 

2 Brandon Shores 0 0 0 
<:rane(b) 23(68) 75(66) 83(68) 

3 Brandon Shores 10(64) 69(64) 97(67) 
C�b) 23(68) 75(66) 83(68) 

.. Brandon Shores 10(64,68) 52(604) 69(64) 
Cr.Jnefb) 23(68) 75(66} 83(68) 

5 Brandon Shores 10(64) 69(64) 97(69) 
Cr.Jne(b) 23(68) 75(66) 83(68) 

(a) Assumptions, models, and concentration values are given in Appendix H. Entries are highest percentage of 
applicable total PSD increment from the fIVe years (1964-191iB) followed by year of computed value in 
parentheses. 

(b) Based on an .. lysis for 1964 only. 

TABLE 4.12. Percentage of PSD Consumption Based on Maximum 
Combination of Plumes for 1964(a) 

Pollutant 

Annual S02 
24-Hour S02(b) 
3-Hour S02(b) 

2 

23 
75 
83 

3 
25 
75 
97 

23 
75 
83 

(a) Highest values added within 1 kmz areas; biIsed on Table H.20. 
(b) Second-high values added within 1 kmz arei15. 

Pollutant Deposition Patterns 

5 

25 
75 
97 

A deposition model (Vaughan et al. 1975) was used to calculate the deposition patterns for wet and 
dry particulate matter expected from Scenario 3. The deposition values represent the general patt
ern for all scenarios. The model is a single-source Gaussian model that uses climatological data (i.e., 
joint frequency distributions of winds and precipitation). Using a source-depletion model, air
contami nant concentrations at ground level are calGJlated after allowing for upwind depletion bv 
wet and dry deposition. Wet deposition was calculated using a scavenging efficiency approach, 
with the efficiency related to rainfall rate. Dry deposition was calculated using the deposition v�!"c
ity concept. A particle deposition velocity of 0.3 cm/secwas used for both types of calculations. 
The climate used as i nput to the model was based on fIVe years of data (1964-1968) for Baltimore, 
Maryland. 

The annual deposition patterns calculated by the model (Figures 4.1 through 4. 3) are superpositions 
of the deposition contours for the individual stations. In the figures, the plant locations are shown 
as dots. 
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rssure 4.1. Wet-Deposition Pattern of Particulates for Scenario 3 (g/m2/h( 
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Figure 4.2. Dry-Deposition Pattern of Particulates for Scenario 3 (g/ml/yr) 
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fiplre 4.3. Wet Plus Dry Deposition Pattern of Particulates for Scenario 3 (g/ml/yr) 

The wet-deposition calculations (Figure 4.1) show that the highest particulate deposition rates (from 
0.03 to 0.1 g/m2/yr) occur in the area immediately surrounding the Brandon Shores and Wagner sta
tions and extend 10 to 20 km to the east. To the north, south, and west, the deposition drops off 
quite rapidly, becoming less than 0.01 g/m2/yr at distances greater than about 10 km from the 
plants. East of the plants, the �ecrease with distance is considerably less and the levels remain in the 
0.01 to 0.03 glm2/yr as much as 50 km downwind. 

The dry deposition pattern (Figure 4.2) shows a similar tendency toward relatively higher concentra
tions to the east, although not quite as much as in the previous case. The highest depositions here 
are from 0.01 to 0.03 g/m2/yr over an area of roughly 15 km2. The model predicts dry deposition in 
the range of 0.003 to 0.01 g/m2/yr over much of the remaining area, falling to 0.003 g/m2/yr at dis
tances of 40 to 50 km north, west, and south of the generating stations. 

The total deposition pattern (wet plus dry) (Figure 4.3) again shows greatest deposition toward the 
east. The highest depOsition values are 0.03 to 0.1 g/m2/yr and in the region immediately surround
ing the plants and in an area some distance to the east. Similar patterns will occur for the other 
scenarios, which have proportionately lower deposition rates. 

The conversion of the Brandon Shores �nd Crane lInits to alternate fuels results in changes in the 
amount of sulfur and nitrogen oxides introduced into the air masses that pass over this region. 

Nitrogen oxides play a role in long-range i mpacts insofar as NOx is involved in the formation of 
photochemical oxidants and is transformed into acid. Photochemical oxidants are of an environ-
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mental concern from a human health standpoint, and the concentration of ozone is used to 
represent the ambient concentration of photochemical oxidantS. Known as secondary pollutants, 
photochemical oxidants form as a result of the photochemical reactions that occur among primary 
pollutants. Hydrocarbon and NOx are important precursors of ozone. The exact relatiOnship of, 
and the reactions that occur among, these precursors are multitudinous, complex, and only par
tially understood. 

Total SOx and NOx emissions for all scenarios are given in Table 4.13. These are based on, 100% · 
load factor emissions in Tables 4.1 and 4.2. 

The acid rain problem, as currently understood in the Eastern U.S. and Canada, involves the build
up of pollutants in air masses traveling first eastward across the U.S. and then with a northward 
path up the eastern seaboard. Brandon Shores and Crane are located In a central area of concern for 
this problem. The increased pollutant burden needs to be analyzed relative to the acid rain 
problem. 

The current concern over the long-range transport of SOx and the conversion of SOx to sulfur par
ticulate matter stems from the fear that human health might be endangered by sulfur particulate 
matter, and from the potential that SOx will cause an increase in the acidity of natural bodies of 
water. An increase in acidity is evident in many of the lakes in the northeast. As studies of this prob
lem progress, the importance of both the acid content of precipitation and the dry removal rates of 
acidic compounds on natural surfaces is being recognized. Cumulative wet and dry deposition and 
potenti�IIy acidic soil are released into local ponds, streams, rivers, and lakes. 

The increase in SOx emissions adds the potential for an increase in acid rain impacts within the Nor
theast Corridor. The reader is referred to the Northeast Regional Environmental Impact Statement 
for a discussion of these effects (DOE 1981).  

TABU 4.13. Total Annual S02 and NOx Emission� at 1 00% load (a) 

Pollutant 

526 
24.6 

2 

920 
43.9 

Scenario 

3 

111  
68.0 

4 

920 
68.0 

5 

"1 
68.0 

(a) 10' kg/yr; based on Tables 4.1 and 4.2 for units considered for conversion 
only. 

4.2 LAND USE AND SOLID-WASTE MANACEMENT 

4.2.1 Coal, Limestone and RDF Storage 

According to DOE's internal analysis, if the four u nits at Brandon Shores and Crane were converted to 
coal, the reactivation or construction of coal piles and treatment facilities would not require any 
offsite land. 
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At Ihe Crane stalion, BG&f is readivaling 3.2 acres of Ihe present coal pile and constructing coal-pile runoff 1re4llmenl facili
lies. The coal pile is loaled 10 Ihe northusl of Ihe main building and has a maimum capKity of l�OOO 10m. 

At the Brandon Shores station, 8G&E would construct a new coal pile and coal-pile run9ff tre<!t
ment facilities at the site. Coal storage would consist of two coal piles of 170,000 tons and 400,000 
tons with a combined estim",.ed area of 10 acres. The two piles would probably be located at the 
southwestern corner of the boilers, but space is also available in the northwestern part of the prop
erty. The new treatment facility would consist of two 790,OOO-gallon collection ponds and an oxida
tion an(l neutralization basin,(a) 

The limestone required for wet FGO systems at Brandon Shores u nder Scenarios 4 and 5 would be 
delivered by either railcar or truck. If a 3O-day supply of 78-wt% CaC03 limestone were maintained, 
a maximum (Scenario 4) of about 27 acre-ft of storage space would be needed at Brandon Shores. If 
a 2O-foot high pite were maintained, this would require about 1.4 acres. respectiv�ly. This pile could 
easily be accomodated on the generating station sites. 

Because RDf lends 10 seltle and become compacred when stored, il would have 10 be shipped daily 10 Crane under 

Scenarios 2, ), 4, and 5. This would require aboul 2 acre feel (0.1 acre piled 20 feel high) al Crane. These amounts could 

e�sily be accommodaled onsile; if necessary, a building could be conslrucred 10 protecl lhe fuel from inclement weal her. 

4.2.2 Ash and Sluclse Disposal 

Ash Charaderistks 

Coal ash is divided into two categories: fly ash and bottom ash. Fly ash is a powder-like particulate 
material that is carried away from the combustion zone with the flue gas. Fly ash may be removed 
with electrostatic precipitators (ESP), mechanical collectors, baghouses, or wet flue gas desulfuriza
tion systems. Bottom ash is a heavier, slag-like material that is removed from the bottom of the fur
nace. The chief chemical constituents of ash are oxides of silicon, aluminum, and iron. Other 
constituents present in appreciable quantities are oxides of calcium, magnesium, and alkali metals; 
sulfur compounds; titanium oxides; and organic carbon compounds. Numerous trCi.� metals are 
also present in fly ash and bottom ash (Table 4.14). 

Various factors influence the ratio of fly ash to bottom ash produced, and the release of the pollut
ants into the environment. These include element volatility, particle size dnd weight, and boiler 
type. Elements that are nonvolatile in the coal combustion zone (1 300 to 1 600 C) tend to remain 
in the solid phase and are usually incorporated into the molten substance that forms both the fly 
ash and bottom ash. Other elements volatilize as the coal is burned and are carried up the flue. As 
the flue gases cool, these elements tend to condense on the surface of the fly ash particles in the 
flue gas. Thf'Se elements are, therefore, more prevalent in fly ash than in bottom ash and tend to be 
more available for leaching. Elements such as Br, CI, and Hg are extremely volatile and are released 
to the atmosphere as gases. The volatility of 36 elements is characterized in Table 4.15. 

Coal-ash particle sizes range from less than 1 pm to 4 cm in diameter. The smaller fly ash-particles (5 
pm to 100 pm) tend to be spherical in shape. As much as one fifth (by volume) of these spheres are 
cenospheres, which <Ire hollow silicate glass spheres fil led with nitrogen and carbon dioxide. Bot
tom ash is composed of coarser, heavier particles with porous surfaces. 

(a) Preliminary sys, 'm description for coal-pile runoff system, Brandon Sho. '"5 Units 1 and 2. Data submitted to Joe Polasek, 
ERA, from S. A. link. BG&E. March 23. 1981. 
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TABLE 4-14- EI�ments Found in Fly Ash and Bottom Ash (Hal , .;:Ild Delaney 1978) 

Fly
.
Ash, ppm Bottom Ash, ppm 

Element Minimum Maximum Minimum Maximum 

Aluminum (AI) 11,500 144,000 80,000 135,000 
Arsenic (As) 2.3 1,700 0.96 40.0 
Barium (Ba) 96.0 13,900 500 4,000 
Boron (B) 10.0 3,000 70.0 300 
Cadmium (Cd) 0.1 250 O.SO 250 
CalFium (Col) 5,400 1n,000 8,400 SO,f.')() 
Chromium (Cr) 11 .0 7,400 15.0 270 
Copper (Cu) 30.0 3,020 2.80 720 
Fluorine (F) 0.4 624.0 10.60 100.0 
I ron (Fe) 7,600 289,000 27,000 203,000 
Lead (Pb) 3.1 1,600 5.00 35.0 
Magnesium (Mg) 4,900 60,800 4,500 32,500 
Mercury (Hg) 0.01 22.0 0.01 4.0 
Nickel (Ni) 1 .8 8,000 10.0 700 
Potassium (K) 1,534 34,700 7,300 1 5,800 
Selenium (Se) 1.2 500 0.08 7.7 
Silicon (Si) 196,000 271,000 180,000 273,000 
Sodium (Na) 1,180 20,300 1,800 1 3,100 
Sulfur (S) 0,11 0.25 0.06 0.09 
Thorium (Th) 1.8 68.0 12.00 1 5.0 
Titanium (Ti) 400 15,900 3,300 7,210 
Uranium (U) 0.8 30.1 6.78 14.9 
Vanadium (V) 20.0 1,180 44 670 
Zinc (Zn) 14.0 13,000 24 9SO 

TABLE 4.15. Distribution of Elements During C�mbustion (Hart and Delaney 1978) 

Nonvolatile J 

(bottom ash and fly ash) 

Aluminum (AI) 
Barium (Ba) 
Calcium (Col) 
Ceriu l ll (Ce) 
Cobalt (Co) 
Europium (Eu) 
Hafnium (Hf) 
I ron (Fe) 
Lanthanam (La) 
Magnesium (Mg) 
Potassium (K) 
Rubidium (Ru) 
Samarium (Sm) 
Scandium (Sc) 
Silicon (Si) 
Strontium (Sr) 
Tantalum (Ta) 
Thallium (TI) 
Titanium (Ti) 

Intermediate 
- Volatility 

Cesium (Cs) 
Chromium (Cr) 
Nickel (Ni) 
Sodium (Na) 
Uranium (U) 
Vanadium (V) 
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Volatile 
(fly ash) 

Antimony (Sb) 
Arsenic (As) 
Cadmium (Cd) 
Gallium (Ga) 
Lead (Pb) 
Molybdenum (Mo) 
Selenium (Se) 
Zinc (Zn) 

Very Volatile 
(flue gas) 

Bromine (Br) 
Chlorine (CI) 
Mercury (Hg) 

.. , 
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In pulverized-coal burners, only 15 percent to 20 percent of the ash is bottom ash. In cyclone burners, 

such as those used at Crane, typically BO percent of the refractory material is removed from the bottom of the boiler in a 

molten form. The quenched slag pieces, known as clinkel'S, are larger and more dense than lxxtom ash from pulverized 

coal boilers. Clinkers are angular and have a glassy surface. At Crane, all of the collected fly ash wiI be reinjected into the 

boiler and removed as bottom ash. 

The base case scenario (Scenario 1) calls for the burning of oil. Fly ash is produced from the com
bustion of oil; however, the ash content of oil is usually only about 1 percent of the ash content of 
coal. Therefore, the problem of oil-ash disposal is insignificant compared to that of coal-ash 
d isposal. 

Several of the conversion scenarios call  for the use of low-sulfur (1 percent S or less) Eastern coal.  
Furr et al. (1977) measured the composition of fly ash from a low-sulfur (0.9 percent) bituminous 
coal that was strip-mined in Garrett County, Maryland, and burned at a Potomac Edison Company 
generating station. Trace elements measured were all within the ranges given in Table 4.14. 

A possible alternate fuel "plion for Crane (Scenarios 2, J, 4, and 5) calls for a mixture of coal and refuse-derived fuel (RDF). 

To the extent that processed RDF is available, BG&E intends to use up to 10 percent (by heat value) RDF with coal at the 

Crane Unit 1. Refuse-derived fuel is produced when non-combustible materials are removed from municipal solid waste; 

the remaining combustible waste is then shredded and dried. The properties of RDF vary with the source of waste and the 

manufacturing process. Data on the chemical composition of the RDF locally available to BG&E generating stations are nO( 

available. Studies of municipal wastes collected in the District of Columbia show that the elemental composition of ash 

(Table 4. 16) is similar to that of Eastern coal (Campbell 1976). Chloride, chromium, copper, lead, manganese, and zinc tend to 

be higher in concentration in RDF. Incinerator fly ash and suspended particles from municipal �es have element,,1 

compositions similar to those of coal ilsh (Table 4.13) with the exception that slightly higher concentrations of cadmium, 

chlorine, lead, sodium, titanium, and zinc are present in fly ash (Greenberg et a/. 1978). Because clef.ailed information about 

the chemical characteristics of RDF ash was unavailable, ;t was assumed that the ash properties of a coa/-RDF mixture would 

be similar to those of coal alone. 

Wet Limestone FGD Sludge ClYracteristics 

More than 95 percent of the sulfur compou nds found in coal are oxidized duting combustion, and 
escape with the flue gas in the form of sulfur dioxide (S02). Concern about the environmental 
effects of these releases has led to the use of f!ue-gas-desulfurization (FGD) systems which remove 
S02 from the flue gases. These systems are described in more detail by Bell et al. (1981). A number 
of FGD processes are commercially available. The most common method employed is the wet-FGD 
process, which uses limestone-water slurries. 

I n  a wet-limestone FGD system, S02 dissolves in the slurry and reacts with calcium dissolved from 
the limestone. Some S02 (typically 10 percent to 40 percent) is oxidized to SO), which also reacts 
with calcium. Calcium sulfite and calcium sulfate precipitate and are removed from the system as 
sludge. The sludge also contains unreacted l imestone (calcium carbonate), impurities from the 
limestone, and fly ash (Table 4.17). At Brandon Shores, most of the fly ash will be removed from the 
flue gas by electrostatic precipitators (ESP) before the flue gas enters the FGD system. 

Calcium su lfate which occurs naturally as gypsum, and limestone pose no thre.Jt to the environ
ment. Calcium sulfite can have a chemical oxygen demand (COD) in water but is relatively insolu
ble. Equilibrium concentrations of calcium sulfite are 30 to 70 ppm, depending on water hardness 
(Johnson and lunt 1977). Calcium sulfite concentrations in the sludge can be decreased by oxida
tion or other chemical treatment of the sludge. Trace metals contained in FGD sludge are of more 
environmental concern. The relatively volatile trace elements that concentrate in wet-FGD sludge 
include arsenic, antimony, cadmium, c,!pper, $allium, lead, nickel, selenium, and zinc (Table 4.18) . 
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TAILE 4-16- Ash-Forming Elements in Coal, the Total Combustible Fraction of RDF, and 
large-Volume Contributors (Campbell 1976) 

Concentration, ppm 

Combustibles 
Coal (Cyclones) Newsprint Ground _._-

Coal 1 Coal 2 Average Range News Comics wood 
AI 14,670 -(a) 9900 5700-17,000 16,000 
Ba 96 94 75 20-175 
Be 1.3 3 1 1 
Ca 5,7SIJ 1200 3500-50,000 1� 1250 
Cd 0.64 14 3-90 2 
Co 4.6 20 4 3-7 13 
Cr 26.7 25 45 1 5-200 6 28 14.6 
Cu 122 14 160 30-500 20 36 21 
Fe 17,825 2700 800-5000 65 250 
K 3,480 750 300-2000 55 240 
li 62 3 3-25 10 
Mg 1,89:.1 2200 S60-8SOO 310 330 
Mn 58 28 185 55-910 95 30 11.9 
Na 930 4700 1�10,000 430 33,400 
Ni 23 22 14 5-1eo(a) -11 8.1 3 
Pb 8.2 5.9 390 85-1600 9 45 20.1 
Ti 710 2200 1 1()()'4400 45 110 
Zn 94 25 1000 180-7000 8 22 

(a) "_" = No data available. 

TAILE 4.17 Composition of limestone FGD Sludge 

Chemical Compound 
Typical Compo$ition 

(Percentage by dry weight) 

CaCO] 15 
CaSO] • 1I2H:!O 51 
CaSO • •  2H:!O 29 
Impurities 4 

Basis: Limestone Is 9S Percent CaCO). 
Stoichiometry Is 1.27 InQles calcium per mole S02 adsorbed. 
Oxidation is 30 percent. 
Fly ash is removed from the flue gas before the gas reaches the 

FGD system. 
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COrrUtH�-d 
Kraft Cardboard 

730 280 

1 
1450 1350 

0.5 0.5 
2 2 
5 10 

514 
90 80 

- SO  200 
2 2 

sao 240 
60 75 

1000 2750 
3 

12  6 
40 

8 7 
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TAIlI 4.1& Trace Elements Found in Wet Limestone FGD Sludge (Hart and DeLaney 1918) 

Element 

Arsenic (As) 
Barium (8a) 
Boron (8) 
Cadmium (Cd) 
Chromium (Cr) 
Copper (Cu) 
Fluorine (F) (a) 
Lead (Pb) 
Manganese (Mn) 
Mercury (Hg) 
Nickel (Ni) 
Selenium (Se) 
Vanadium (V) 
Zinc (Zn) 

(a) Holland et al. 1975 

Concentration. ppm 

Minimum 

4.0 
20.0 
41.8 

0.4 
1 .6 

10.0 
266.0 

1.0 
36.0 

0.1 
13.0 

21 
50.0 
13.9 

Maximum 

33.0 
500.0 
211.0 

25.0 
17.0 

1M 
1017 

290 
340 

6.0 
75.2 
60.0 

100.0 
2050 

The structural and physical properties of sulfite sludge differ greatly from those of sulfate sludge. In  
a wet-limestone system. calcium sulfite crystallizes as single platelets ranging from under S pm  to  
over 80 pm in  size (Crowe and Seale 1979). These thin sulfite platelets have very little structural 
strength. Dynamic loads cause the crystals to collapse upon themselves and behave like qUicksand, 
i.e., cakium sulfite is thixotropic. Sulfite sludges are also very difficult to dewater. Calcium sulfate, 
on the other hand, crystallizes separately into needle-like crystals or monoclinic prisms 5 pm to 200 
pm in length. These forms have much higher structural strength and are much easier to dewaier. 
Sulfate sludges have properties similar to these soils (Woodyard and �nning 1978). The ratio of sul
fate to sulfite in the sludge depends on factors such as the ratio of sulfur in the coal to excess air in 
the boiler, the design of the FGD system, and the presence of impurities (catalysts and inhibitors) in 
the system. 

Three types cf treatment are available for wet-FGD sludge: physical stabilization, chemical fixOltion, 
and forced oxidation. In physical stabilization, wet-FGD sludge is mixed with dry fly ash to produce 
a waste with low water content and good structural properties (such as high compressive strength). 
The chemical fixation process combines FGD sludge, ash, and chemical additives to form stable 
compounds similar to soil. Several processes are commercially available (Barrier et oIl. 1978). The IU 
Conversion Systems, Inc. (Philadelphia, PA) process involves a pozzolan·'" �;;oemlitious reaction 
among sludge, ash, and lime. Sludge and alkaline fly ash from western coals will also reKt by this 
process. Chemfix (Pittsburgh, PA) uses sodium silicate and Portland cement as the chemical addi
tives. Dravo Inc. uses a derivative of blast furnace slag (Calciloxe). The third type of treatment is 
forced oxidation. As air is sparged through an FGD process slurry, calcium sulfite is converted to 
calcium sulfate (gypsum). Gypsum sludge is structurally stronger than untreated sulfite sludge and 
can be dewatered to a low water content (typically 80% solids). Calculations were based on the use 
of forced oxidation as the treatment method at the Brandon Shores because disposal costs are 
lower than for those chemical treatment methods (Barrier et al. 1979, Ansari and Oven 1980). 
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Waste from Other FGD PrO(:esse5 

Although wet-limestone FGD is the most common treatment process, other processes can be used 
(Table 4.19). When a lime-water slurry is used, the product is a CaSChICaS04 sludge and is similar to 
that produced by limestone FGD. The dual alkali-system could also be used at Brandon Shores. In 
this process, a clear sodium solution is used to absorb S02, and lime is used to regenerate the 
sodium for reuse. The CaSO}/CaS04 sludge produced is similar to those from lime or l imestone fGD; 
however, dual-alkali sludge will contain a small amount of residual sodium. 

Dry-FGD systems are being installed on generating stations that burn low-sulfur (less than 2 per
cent) coal. Reagent costs make wet-fGD more economical at higher sulfur levels. In dry systems a 
lime slurry is injected along with the flue gas into a spray dryer. The water evaporates and the cal
cium reacts with S02 to form d ry CaSO}/CaS04 solids. After processing in the spray dryer, the solids 
and fly ash are collected in a baghouse. The d ry FGD solids are similar in composition to wet-fGD 
solids; however, the lack of W<ller in the waste makes handling and landfilling easier and reduces 
the opportunity for leaching. Sodium solutions can be used, but lime is preferred because sodium 
reagents are expensive and the sodium wastes are d ifficult to dispose of due to their high solubility 
in water. 

Some FGD systems are designed to produce a saleable by-product instead of a waste. Calcium
based wet systems can be modified to produce gypsum (by forced oxidation) instead of a calcium 
sulfite/sulfate sludge. Gypsum is used in wallboard, in cement, and as an agricultural supplement. 

Other processes produce elemental sulfur or sulfuric acid. These regenerable processes are more 
complex and therefore more capital intensive than the processes that produce a sludge. The h igh 
capital costs can be offset by lower operating costs if the by-product can be sold. Also, the costs of 
waste disposal are greatly reduced. A long-term sales contract is considered n�essary because of 
the uncertainty of the market demand for sulfur and sulfuric acid. Fly ash and bottom ash must be 
collected and disposed of separately. 

Three regenerable processes which have been used commercially are the Wellman-lord, the mag
nesium oxide, and the citrate processes (Beychok 1980). The Wellman-lord process uses aqueous 
sodium sulfite which reacts with the S02 in the flue gas to form sodium bisulfite. Sodium bisulfite is 

Process 

limestone 
lime 
Alkaline Fly Ash 
Single Alkali 

Dual Alkali 
Dry Scrubbing 

Wellman-lord 
Magnesium Oxide 
Citrate 

TABLE 4.19. Types of flue Gas Desulfurization Processes 

Waste 

CaSO)/CaSO. sludge 
CaSO)/CaSo. sludge 
CaSO]/CaSO./ash sludge 
NalSO]/NalSO. liquor 

CaSO)/CaSO. sludge 
CaSO]/CaSO. dry waste 

Sulfur or sulfuric acid 
Sulfur or sulfuric acid 
Sulfur 

4.21 

Restrictions 

Only western coals produce alkaline fly ash 
Used in the West near sources of inexpensive 
sodium and where liquid waste can be evaporated 

Currently used only on low-sulfur 
(less than 2%) coals 

Need long-term market for sulfur or H1SO. 
Need long-term market for sulfur or H1SO. 
Need long-term market for sulfur 



thermally decomposed in an evaporator to regenerate the sodium sulfite and produce a concen
trated gas stream of S02. Sulfur is produced if the concentrated S02 stream is reacted with natural 
gas. Sulfuric acid is produced if the concentrated S02 gas stream is oxidized and reacted with 
water. In addition to sulfur or sulfuric acid, a purge stream of anhydrous sodium sulfite and sulfate 
(70 percent sulfate) and a 5 percent slurry of fly ash from a venturi prescrubber are produced. 

In the magnesium oxide process, slaked magnesium oxide reCtcts with S02 in  the flue gas to form 
magnesium sulfite and sulfate crystals. The solids are separated from the liquid, dried in a kiln, and 
decomposed in a calciner. The calciner produces regenerated magnesium oxide and a concen
trated SOl gas stream. The S02 is converted to sulfur or sulfuric acid in the same manner as the 
Wellman-lord process. 

In the citrate process, sodium citrate is used to buffer an aqueous bisulfite solution which absorbs 
S02. After absorption, the solution is regenerated by steam stripping, which produces a concen
trated S02 gas stream. This stream is reacted with HlS to form elemental sulfur. HlS may be formed 
from the reaction of sulfur, steam, and natural gas. Two waste streams are produced-a purge of 
sodium su lfate (Glauber's salt) and a fly-ash slurry from a venturi prescrubber. 

Potential lmpKts of Umestone StorAle 

If a wet-limestone FGD system is used, limestone must be stored onsite. A 3O-day storage pile 
would be reasonable for Brandon Shores according to DOE's engineering analysis. Environmental 
impacts could include loss of area, noise, fugitive dust, runoff, and leaching (Dvorak et al. 1978). 
Runoff and leachate may contain high levels of calcium and total dissolved solids. 

ImpKts of Fuel Comersion Scenarios 

Each fuel-conversion scenario (Table 2.1 ) would have a different effect on the quantity and types of 
wastes produced and the potential for pollutant release (Tables 4.20 through 4.23). The waste pro
duction data in these tables were calculated based on an estimated 15 percent ash content of coal, 
15 percent ash content of RDF, and a 0.10 percent ash content of oil. Ash calculations were based 
on a dry fly ash, bottom ash and oxidized sludge containing 80 percent solids by weight, and an 
untreated (filtered) FGD sludge 60 percent solids by weight. 

If  the Brandon Shores units are converted to coal with FGD, BG&E may consider using either locally 
available low-calcium (78 percent CaC01) or the normal high-purity (95 percent CaCOl) l imestone. 
The rate at which FGD sludge would be produced was thus calculated fCK both low-calcium and 
h igh-calcium l imestone (Table 4.23). When low-calcium l imestone is used, greater amounts of 
impurit ies in the l imestone increase sludge production rates and lead to higher disposal costs. The 
FGD system must also be larger to accommodate the additional limestone required per mole of 
S02 removed. The additional impurit ies also increase erosion and pluggase (and therefore operat
ing costs) and decrease reliability. Because of the additional costs for a FGD system using low
calcium limestone, high-calcium limestone (95 percent CaCOl) is normally used i n  FGD systems.. 
The use of high-calcium limestone was assumed in all other cakulations. 

The largest quantity of fly ash (1480 tons/day) is produced under Scenario 4. The greatest amount 
of bottom ash (970 tons/day) is produced under Scenarios 3, 4, and 5. Ash production rates for Sce
narios 2, 3, 4, and 5 are similar and are much higher than ash rates under Scenario 1 .  FGD sludge is 
generated under Scenarios 4 and 5, with the greatest amount produced under Scenario 4 (about 
1600 dry tons/day of oxidized sludge). Total solid waste production rates are highest in Scenario 4 
primarily because of this quantity of FGD sludge. Under this scenario, about 95,800 ftl/day of dry fly 
ash, wet bottom ash, and wet oxidized sludge are generated at 100 percent capacity. 
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TABLE 4.20. Estimated Production of Fly Ash at BG&E Plants Under Different Fuel Use Scenarios 

2 4 

Fuel Use Scenario TID Dry f I '/D Drv TID Dry F t '/D Orr TID Dry F t '/D Dry .!!D 02 fI '/D Dry TID Dry �D Dry 

Brandon Shores 1 3.0 67 3.0 67 715 15.900 740 16.400 710 15 .900 

Brandon Shores 2 3.0 67 3.0 67 715 15 .900 740 16.400 710 16.400 

Crant- l 

Cran� ] 
Total 6.0 134 3.0 134 1430 31 .800 1480 32.800 1 .420 32.300 

The following assumptions were madt": 
• All plants at 100 percent capacity. 

Coal had an ash content of 15  pt"rl'en!.  RDF was 10 percen!.  oil Wd' 0.10 pNr .. nt. 
• Ror had a HHV 01 4.500 B'Ullb 

Oil had a HHV of 17.500 Btu/lb at Brandon Shores in Scenariol 1 and 2: ... 1 hJd J HHV 01 lb.bb7 B,,,. Ih J' CrJ"" til Sc�nd"() 1 
• Coal had the following HHV's :  0.72 percent S coal was 1 2.000 Btu/lb. 2.2 percent S coal wa, 1 2.500 B!u/lb. 2.5 perc!'nt S coal was 1 2.000 

Btu/lb. 
Fly ash was 80 percent of the ash from Brandon Shores. fly d\h Wd' 70 P(,(ff�"t of 'hI' J\h dt CrJfH'. hut \'old' r('cyd('(/ to rh(' hoilf'r dnd f('(()II('f('cl d' 
borrom .,h. 

For Scenarios 1 t h rough 5. it was assumed that fly-ash collectorl at all plants removl'd 100 perc!'nt of th� fly ash from the flue gas (giving 
the maximum possible amount of fly ash. 
Fly ash was stored with a density of 90 Ibllt I. 

TABLE 4.21 . Estimated Production of Bottom Ash at BG&E Plants Under Different Fuel Use Scenarios 

3 4 5 -- ---
Fuel Us .. Scenario TID Dry Ft '/D Wet TID Orr. 

Brandon Shores 1 0.8 23 
Brandon Shores 2 0.8 23 
Crtll1t" 1 1 . 4 44 
C'.Jnt" 1 1.4 43 

Total 4.4 1 33 

NB:  Totals may not add due to rounding. 
The following assumptions were made: 

• All plants at 100 percent capacity. 

0.8 

0.8 

310 

301l 

612 

Ft '/D Wet TID Drv Ft '/D W!'t ---
23 180 5.400 

23 180 5.400 

9.100 310 9.100 
9.000 300 9.000 

18.200 970 29.000 

• Coal had an ash content of 15 percent. RDF was 10 percen'. oil was 0.10 percent. 
• ROF h.d a HHV 01 4.500 B,ullb. 

TID Dry fI '/D Wet TID Ory Ft '/D Wet 

180 5.400 180 5.400 

180 5 .400 180 5.400 

310 9.100 310 9.200 
300 9.000 300 9.000 
970 29.000 970 29.000 

• Oil had a HHV of 17.500 Btu/lb at Brandon �;,ores in Scenarios 1 and 2; oil had a HHV 01 16.667 B,ullb a' Crdn� in Srt'ndrio 1. 

Coal had the following HHV's: 0.7 percent S coal was 12 .000 Btu/lb. 2.2 percent S coal was 12.500 Btu/lb. 2.5 percent S coal was 12.000 
Btu/lb. 
Bottom ash was 20 percent of the ash from Brandon Shores. Bottom ash was 30 percent of the ash from Crane. fly d .• h Irom Cran� Wd' 

recycled 10 the bailel . lid collected tU bortom ,J\h. PtJrr;( u/dt(' (oll('ct;ol1 .. '"cit·ncy dl Crdn(' ",,'oJ\ d,\um('d to bl' 100 P('f("('tlf. 
• Bottom ash was stored wet (80 percent solids) with a dry c'�nslty of 90 Ib/lt ' . 

·
'
1 
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TABLE 4.22. Estimated Production of FGD Sludge at Brandon Shores Plants Under 
Different Fuel-Use Scenarios 

Scenario 4 

Untreated Sludge 
(Low-Calciu m  Limestone) 

Untreated Sludge 
(High-Calciu m  Limestone) 

Oxidized Sludge 
(Low-Calciu m  Lime-tone) 

Oxidized Sludge 
(High-Calciu m  Limestone) 

Scenario 5 

Untreated Sludge 
(Low-Calci u m  Limestone) 

Untreated Sludge 
(High-Calciu m  Limestone) 

Oxidized Sludge 
(Low-Calcium Limestone) 

Oxidized Sludge 
(High-Calciu m  Limestone) 

Brandon Shores 1 

TID Dry fl]/D Wet 

798 27.700 

685 23.800 

907 19.400 

793 16,900 

Brandon Shores 2 

TID Dry Ft]/D Wet 

798 27.]00 

685 23,800 

907 19.400 

793 16.900 

798 27.700 

685 23.800 

907 1 9,400 

793 16.900 

FluE' gas desu lfu rization was i ncluded for Brandon Shores only u nder Scenarios 4 and 5. 

The following assu mptions were made :  

- Both units a t  100 percent capacity 
- Wet-lim estone scrubbing systems were used. 
- Low-calcium l imestone was 78 percent CaCO) (22 percent impuri ties). High-calc ium limestone 

was 95 percent CaCO] 
- 100 percent of sulfur in the coal was converted to gaseous 502, 
- Oxidation was 30 percent for untreated sludge and 95 percent for oxidized sludge. 
- Stoichiometry was 1.27 mole Ca per mole 502 absorbed. 
- Sludge was disposed of wet with a d ry specific gravity of 2.4. Untreated (filtered) sludge was 

60 percent solids wit h a density of 96 1b/ftJ wet. Oxidized sludge was 80 percent solids with a 
density of 117 Ib/fP wet. 

TABLE 4.23. Estimated Production of Solid Waste at Brandon Shores and Crane U nder D ifferent 
Fuel Use Scenarios, FtJ/Day 

Fuel Use Scenario 2 3 4 5 

Brandon Shores 1 90 90 21,300 38,800 21,300 

Brandon Shores 2 90 90 21.300 38,800 38,Il00 

Crane 1 44 9,200 9,200 9.200 9.200 

Crane 2 43 9,000 9,000 9.000 9.000 

TOTAL 267 1 8. 3 80 60,800 95,800 78,300 

Solid waste is the sum of fly ash from Table 4.20, bottom ash from Table 4.21, and 
high-calcium. oxidized FGD sludge from Table 4.22. 

N B :  Totals may not add due to rounding. 
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Waste-�n�gement Ahermatives 

Solid wastes created during coal combustion may be handled in a number of ways. The three prin
cipal solid waste streams from the BG&E stations a re fly ash, bottom ash (which includes the eco
nomizer ash a nd the coal-pulverizer rejects) and, under See-nar-os 4 and 5, FGD wastes from Bran
don Shores. Options for management of these wastes are summarized in Table 4.24. 

A number of potential uses exist for the wastes that would be produced by BG&E. The company 
hopes to sell or use up to 50 percent of the fly ash produced at each generating station (Fuhrman 
1981). Plans include using fly ash as a base for a parking lot at BG&E's Calvert Cliffs Nuclear Power 
Plant. BG&E is participating in a Federal study on briquettes made from fly ash and fluidized bed 
combustion wastes. Also, the company plans to build a berm on the Brandon Shores site to demon
strate the use of ash as structural fill. Fly ash may also be used in concrete or asphalt. Because of 
Federal regulations encouraging the use of fly ash in the concrete in Federally funded construction, 
the demand for fly ash should increase (Hansen and Heffelfinger 1980). The gypsum produced in  
an FGD system could be used in cement and wallboard manufacturer and as  an agricultural addi
tive. However, considerable market resistance to the use of FGD-produced gypsum still exists (Bucy 
and Ransom 1978). 

Solid waste that cannot be used must be disposed of. Dispoal options available to BG&E may 
include ocean dumping, mine or quarry disposal, or ponding or landfillin g. 

The major advantage of ocean dumping relative to other alternative methods of disposal is that it 
does not require lane' (wh ich is in l imited supply near Brandon Shores). However, the Environ
mental Protection Agency regulations under the Marine Protection, Research, and Sanctuaries Act 
(40 CFR 227) prohibit ocean dumping if feasible disposal alternatives are available. Furthermore, the 
waste must meet certain criteria for the protection of aquatic life. For example, cadmium and mer
cury content in the solids must not be greater than 50 percent above background sediment con
centrations or the waste must contain less than 0.75 mg/kg mercury and 0.6 mg/kg cadmium. Hart 
and Delaney (1978) report ranges of mercury in fly ash, bottom ash, and FGD sludge as 0.01 to 22.0 
ppm (mg/kg), 0.01 to 4.0 ppm, and 0.1 to 6.0 ppm, respectively, and ranges of cadmium as 0.1 to 250 
ppm, 0.50 to 250 ppm, and 0.4 to 25.0 ppm, respectively. Thus. the waste may not meet the envi
ronmental criteria. Inert, insoluble solid material may be exempt from the ocean dumping regula
tions. Research on formation of stabilized solid blocks of sludge is in progress (Santhanu m et al. 
1979; Seligman and DuedaIl 1979). 

Disposal in coal mines would be an inexpensive method because costs for land would be minimal 
and transportation costs would be reduced (if ash and sludge can be transported without cementa
tion in empty coal cars). Fixed sludge could be used as structural support to prevent mine subsi
dence. The alkaline sludge could also help control acid mine drainage. Disadvantages include inter
ference with present or future mine operations, impacts on ground and surface water, and difficul
ties in coordinating waste t ransportation with coal transportation. Disposal in quarries is subject to 
the same considerations. Because of the problems disl:ussed above, neither mines nor quarries are 
commonly used as waste disposal sites. 

The two most common methods of d isposal are ponding and landfilling. Ponding is used for the 
disposal of slurries. At some generating stations, a slurry of less than 20 percent solids is pumped to 
a pond and al lowed to settle. The supernatant is recycled to the plant. This method requires a large 
lane area close to the plant. At other plants, the slurry is dewatered by a thickener or clarifier to 30 
to 40 percent solids. The waste is then transported by pipeline or truck to a disposal site. In either 
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TABLE 4.24. Solid-Waste Management Options 

Management Option Advantages 

Use Resource recovery, reduced disposal requirement, 
and reduced land use. 

Ocean Disposal 

Mine Reclamation 
(Johnson and Lunt 
1977) 
Limestone Quarry 
Disposal 
Ponding 

Landfill 

Stacking 

Potential uses: 
Ash :  concrete additive; structural fill; base for 
asphalt; brick manufacture; reclamation of al imi
num, iron and trace metals 

FGD Sludge: sulfur; sulfuric acid; gypsum (used 
in  cement and wallboard); chemically treated 
sludge (used for strudural fill for berms, road 
base, dikes). 

Does not require land. (This method has been 
considered for rGD sludge disposaL) 

El iminates land costs for landfill or pond 
development. Helps control acid mine drainage 
and mine subsidance . 
(Similar to mine reclamation without acid drainage 
benefits.) 
Water in pond can be recycled, reducing or 
elimi nating effluent discharge. Operationally 
q uite simple and inexpensive. F ully proven 
technique for handling waste from power plants. 

Requires less land area than ponds. Easier 
to recla im than ponds. Ful ly proven tech nique 
for handling FGD wastes (Coltharp et al. 1979). 
May be located offsite. 

Requires less land area than landfill (this 
method is being considered for oxidized FGD 
sludge only). 

Disadvantages 

Use l imited due to varying market conditions, low and 
fluduating demands, and public opposition to product 
use (Buey and Ransom 1977; Haskins et aI 1981). 

Release of large quantities of pollutants to the ocean. 
This consequence may be mit igated by chemical fixation. 
Environmental opposition and regulations currently pre
clude use of this option (Duvel et al. 1979). 
Interference with mine operations. Possible impads on 
ground and su rface waters. Difficulties of coordinating 
waste transportation with coal transportation. 

Requ ires large land area for pond development. Difficult 
and costly to reclaim. Requires expensive pond piping to 
prevent leaching of waste by water. Not required if the 
soil is impermeable. Leachate may seep through the soil 
and into ground water. Since wastes are pumped, ponds are 
preferably located next to the power station. 
FGD wastes may require dewatering prior to landfil l ing to 
improve strudural properties. This can be accomplished 
with settling ponds or mechanical devices such as centri
fuges, filter presses and bolt filters. FGD sulfite sludge 
cannot be dewatered sufficiently for landfil l ing. This 
problem can be corrected by oxidation, stabilization of the 
sludge accomplished via mixing sludge with dry ash, or by 
chemical treatment (fixation). Leaching may be a problem. 
Requires careful control of disposal operation and control 
of runoff and leachate. Has not been proven on utility 
gypsum on a utility scale (Morasky et al. 1980). 
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procedure, the result is a large area containing solids with a high water content (30 to 40 percent
' 

solids) that is difficult and costly to reclaim. Also, leaching is more likely to occur when wastes have 
a high water content. In many cases, a pond liner should be used to reduce the rate of leachate 
movement into the surrounding soil. \) 
Landfil l ing requires further dewatering of the waste before disposal. A centrifuge or vacuum filter 
is usually used for sludge or slurried ash. Fly ash may be collected in a dry form. Because the water 
content is smaller (60 to 100 percent solids), much less land is required for disposal in landfill than 
in ponds. �eaching is also reduced because of reduced water content. 

Onsite ponding or landfilling at the generating station sites is not possible on a long-term basis 
because of the scarcity of land. The Crane station is located in a rural area and does have adequate space. However, 

much of this is marshland and is adjacent to a wildlife santuary (Carroll Island), which would probably preclude the estab

lishment of a landfill al this site (Figure 3.8). Brandon Shores is located in  a suburban area, and has a limited 
space which will probably be used for coal storage and handling. Since ponding is more expensive 
than landfi lling when the wastes must be transported more than about one mile (GAl 1979), wastes 
from the BG&E plants will probably be landfilled. It is expected that BG&E would use offsite land
fills to dispose of ash and FGD sludge from Brandon Shores and Crane. (a) 

Use of a central facility for disposal of all wastes could simplify landfill operation and legal 
requirements. The area of the landfill would depend upon the amount of waste generated (i.e., 
upon the fuel-use scenario chosen) and on the depth of the fil l .  The disposal areas required for the 
d ifferent fuel use scenarios are about 0.1 acres/year for Scenario 1; 6 acres/year for Scenario 2; 20 
acres/year for Scenario 3; 26 acres/year for Scenario 5; and 32 acres/year for Scenario 4 at 1 00  per
cent capacity and a depth of 25 feet (Table 4.25). Land commitments for each generating station are 
presented in Table 4.26. Depending upon the site design, the landfill may range from 25 to 50 feet 
in depth. Using these depths, an estimate can be made of the land space required for disposal of 
solid wastes over the lifetime of the generating stations. The e5timated annual average capacity factors for 

each unit at Crane is 63 percent. Brandon Shores Units 1 and 2 are estimated to operate at 66 percent 
capacity. The post-conversion life expectancies of each station are estimated to be: Brandon 
Shores, 35 years and Crane, 20 years. The lifetime land commitment varies from 400 to 670 acres among 
the scenarios in which Brandon Shores converts to coal (Table 4.26). 

TABLE 4.25. Estimated Land Commitments (acres/year) Required for Solid Waste 
Disposal at 100 Percent Capacity(a) 

Generating Station 
(25-foot Depth of landfill) 

Scenario Brandon Shores 

0.06 
2 0.06 
3 14.3 
4 26.0 
5 20.1 

(a) Data calculated from data in Table 4.23. 

Crane 

0.03 

6.10 

8. 10 

6. 10 

6.10 

(a)  letter from S. A. link, BG&E, 10 Joe Polasek, ERA, January 1960. 

4.27 

Total 

2S-foot Depth SO-foot Depth 

0.09 
6.2 

20.4 
32.1 
26.2 

0.05 
3.1 

10.2 
16.1 
1 3.1 
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TAILE 4.26. Estimated lifetime Commitments of land (acres) for Disposal of Solid Wastes(a) 

Scenario Brandon Shores Crane Total 

1.4 0.36 1 .8 
2 1.4 72 73 

3 330 72 400 

4 600 72 670 

5 470 72 540 

(a) Basis: undfill depth was 25 feet. Brandon Shores units have a lifetime of 35 
years/unit and a capacity factor of 66 percent. Crane unil.l have a life of 20 years 
and a capaciry fiKlor of 63 percen!. 

The landfi l l ing of solid wastes could result in environmental impacts. If the landfill is designed to 
minimize leaching, large quantities of metals will remain in the soil at the site. The composition and 
expected quantities of wastes in the landfill depend on the alternate fuel used. The greatest 
expected amounts of waste can be estimated for a representative alternate fuel using the expected 
production of wastes and the maximum reported concentrations of trace metals (Table 4.27). If 
BG&E is able to sell or use fly ash, these amounts would be reduced. Also, maximum concentrations 
of trace metal are not likely to occu r. Thus, Table 4.27 shows a worst case of trace metal deposition 
in the landfill. The incorporation of large amounts of metals into the landfill may preclude subse
quent agricultural use of the site. Ground water and surface water near the landfill site may also be 
affected if leaching does occur (see Section 4.3). 

landfilled, u ntreated sludges, especially those high in calcium su lfite, will probably not be strong 
enough to support roads or structures. Fly ash, bottom ash, and FGD sludges that are chemically 
fixed or oxidized will most prob,,�'y be structurally sound. The structural properties of treated 
sludge are often better than those of soils, so construction on the site should not be precluded. 

The waste disposal site selected will have to comply with F ederal and State regulations on solid
waste disposal. Regulations under the Resource Conservation and Recovery Act (RCRA) specify 
disposal practices for solid and hazardous waste. Combustion wastes are currently declared nonha
zardous. Non hazardous wastes must be disposed of in sanitary landfills instead of open dumps, and 
precautions must be taken to control runoff and leaching. Maryland regulations currently follow 
the Federal regulations and classify combustion wastes as nonhazardous. If combustion wastes are 
declared hazardous or are combined with a hazardous waste, the wastes must be disposed of in a 
designated hazardous-substance (DHS) landfill (COMAR 1 0.51, Dec. 12, 1 980). 

The only existing DHS disposal site close to the BG&E stations, and large enough to accommodate 
much of the wastes, is the Joy Road landfill operated by the Boehm Company (ERCO 1980). This 
site is in Crownsville, Maryland, which is about 15 miles from Brandon Shores and 27 miles from Crane. It 
has 1 62 acres available for landfill. However, this site is presently closed because of violations of 
landfill operating regulations, and may not reopen. (a) 

{al Communication from Larry Ramsey. Head of Permit Section, Maryland Department of Natural Resources, to Donald G. 
Watson. PNL. August 19. 1980. 
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TABLE 4.27. Trace Element Generation in Ash and Sludge by Scenario, 
Lb/Day 

Scenario 1 2 3 4 5 

As 23 69 4,900 5,200 5,000 
Ba 21 0 5,100 46,000 50,000 48,000 

B 42 400 9,200 10,000 9,400 

Cd 5.2 310 1,20(' 1,300 1 ,200 

Cr 99 420 22,000 22,000 22,000 

Cu 45 920 10,000 11 ,000 1 0,000 
F 9.2 130 2,000 3,400 3,600 

Pb 21 62 4,600 5,700 5,100 

Hg 0.32 5.2 71 91 SO 
Ni 110  950 24,000 25,000 24,000 
Se 6.6 1 5 1 ,400 1 ,700 1 ,500 
V 21 630 4,700 5,100 4,600 
Zn 180 1,300 39,000 47,000 42,000 

BG&E is currently investigating possible disposal sites near Brandon Shores and Crane. Criteria 
include easy access, location away from the 1 00-year floodplain and wetlands, hydrology such that 
the bottom of the landfill is at least 1.5 m above the seasonal high grou nd-water table, and topog
raphy such that the final landfill g rade can be contou red to a maximum of 30 percenda) The site 
should have extensive soil layers of clay instead of sand, both of which are com mon in Anne 
Arundel County. 

Bishop and McKay Disposal Site 

BG&E has acquired purchase rights on a 282-acre site across Fort Smailwood Road (Figure 4.4) west 
of the Brandon Shores Generating Station (Fuhrman 1 981 ) .  A purchase will depend on the outcome 
of the conversion decision and the results of further site investigations. Prel iminary site i;westiga
tions by Dames and Moore (DM 1980) for BG&E show that the site (owned by Bishop and McKay) is 
primarily rolling woodland, with the exception of a 200-foot wide transmission l ine corridor. 

D rainage to Bishop Creek is confined onsite by a culvert u nder the transmission line right-of-way 
and by a bridge on Fort Smallwood Road. Both of these areas (about 6.5 acres) would flood in the 
event of a 100-year flood. Low-lying acres along Nabbs Creek would also flood. All  wetland areas 
(along Nabbs Creek) are located within the 1 00-year floodplain and wou ld not be affected by waste 
d isposal (see Figure 3.10). The total floodplain is only a s mall fraction of the site, and waste can eas
i ly be placed elsewhere. The State of Maryland has taken the position that wetlands are a resource 
that is to be protected. Accordingly, use of the Bishop and McKay property for solid-waste d isposal 
would only  be permitted if proper safeguards for tidal floodplains and wetlands were applied.(b) 

(a) leller from S. A. link, BG&E, to Joseph D. Polasek. ERA. January 1980. 
(b) leller to Howard Cassell. Maryland Department of National Resources. from R. A. Craig. PNl. Augult 18. 1982. 

4.29 

. .  �: , , 



._--------.----

fI! HORES STATI()I 

MIUS 0 1/2 1 
�! ________ ma ...... _J 

Figure 4.4. Layout of Dredge-Spoil Disposal Site, Barge Channel, and Proposed Solid-Waste Disposal Site 

Soi l  borings show a surface layer (2 to 15 feet deep - layer 1) of fine silt to medium sand, a layer 
(extending to 35 to 70 feet below ground level - layer 2) of stiff silt and clay, a layer (extending to 
60 to 90 feet below ground level - layer 3) of satu rated s i lty sand, and a layer of hard s i lty clay. The 
latter three layers a re bel ieved to belong to the Patapsco formation, which is regionally underlain  
by  a clay layer (the  Arundel formation) and a sand a nd gravel layer (the Patuxent formation).  Per
meabil i t ies of 1 .9 to 12 x 10-7 em/sec in layer 2 and 4.0 to 7.7 X 10-4 em/sec in layer 3 were mea
sured. The permeability of Layer 2 is low enough to protect the layer 3 aquifer from contamination 
by leachates (OM 1980). 
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The use of the Bishop and McKay site would minimize the environmental effects and the costs 
resulting from transportation of the waste. Since the soils are generally stable and have good 
strength properties, most of the site (about 2(y') acres) could be used for waste d isposal. Develop
ment of the site would reduce the amount of woodland habitat available. BG&E plans to optimize 
the design and operation of the d isposal site to minimize leaching and runoff problems. Details are 
given in  Section 4.3.3. 

The Bishop and McKay site cou ld contain 7 to 10 years production of solid waste from the Brandon 
Shores Wagner stations, depending on the scenario selected. At that point ,  another d isposal site 
wou ld be required for the remaining l ife of Brandon Shores and Wagner. This second disposal site 
has not yet been identified. Following closure of the Brandon and McKay site, BG&E plans to 
develop the site into an industrial park. 

BG&E does nol plan 10 use the Bishep and McKay sites (a site at Rossville is planned) for disposal of waste from the Crane 

.'tation. Therefore, the combined conversion of Brandon Shores and Crane wil l  not cause any cumula
tive or interactive effects as a result of solid-waste d isposal. 

4.2.3 Dredge Spoil Storage and Disposal 

Construction of the barge channel (Figure 4.4) to a coal-unloading facility at Brandon Shores 
required the removal and disposal of approximately 462,000 yd1 of d redge spoils. The dredge spoils 
were placed in an upland d isposal site on Marley Neck owned by the Marley Neck Patapsco Com
pany, a subsidiary of Chessie Resources (Figure 4.4) . (a) The total area of the d isposal site is about 80 
acres, of which a bout 15 acres is taken u p  with dike and roadway construction. This leaves about 65 
acres for dredge-spoil d isposaJ. {a) The site has been used for the disposal of dredge spoils from sites 
in the Baltimore Harbor area.(a) 

The site is diked on the east, north, and south sides. The size of the containment d ikes were 
increased to place BG&E spoils on the site and increase the total Clpacity of the site to 1 .5 million 
cubic yards. After disposal of the spoils from the channel, the remaining capacity is about 640 thou
sand cubic yards.!a) A 1 .8-acre sedimentation basin in the southeast corner of the site was also 
constructed. 

The ult imate use of the site will depend upon the structural stability and chemical quality of the 
dredge spoils deposited on the land. Most of the surrounding land is zoned for heavy industrial 
use, and Chessie Resources Inc. has previously expressed interest in converting th is and surrou nd
ing land into a port faci lity.!b) 

4.3 WATER QUAUTY 

4.3. 1 Coal-Pile Runoff 

Runoff from coal piles results when precipitation percola�es through or ru ns off stored coal, wash
ing soluble chemicals and par i icles away. This leachate tends to have a low pH, high suspended
and diss·.:>lved-solids concentrations, and a high concentration of trace metals. 

(a) letter to William Schwarz, .�clean Contracting Company, lrom Andrew Felmy, PNl. dated April 24, 1981. 
(b) leller from Chessie Resources Inc. to William K.  Hellman dated July 17, 1979. letter is reproduced in Technical Report 
No. 3 of USDTlMDT (i979). 
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Chemicals in coal-pile runoff are produced when the metallic sulfides present in the coal are oxid
ized. The leachate characteristically has a very low pH and a high concentration of metal sulfates. 
The low-pH leachate dissolves other trace metals as it percolates through the c�1 pile. This dissolu
tion can be mitigated by carbonates or other neutralizing substances present in the coal. Coal with 
a high sulfide concentration and a low carbonate content will produce the most acidic runoff. As a 
result, coal-pile runoff from high-sulfur coals tends to be poorer in quality than runoff from low
sulfur coals. Scenario 3 and the worst-case, short-term scenario calling for the conversion of the 
Brandon Shores generating stations to relatively high-su lfur coal would result in coal-pile runoff of 
the worst quality. The suspended solids in the runoff would be made up mostly of coal dust. Ele
vated concentrations of suspended solids would be present during periods of rainfall when high 
runoff rates suspend coal fines and transport them from the pil�. Suspended solids are generally not 
a problem during conditions of low runoff (TVA 1 979) . 

Coal-pile runoff typically contains large amounts of organic carbon. Studies on coal-pile runoff by 
Monsanto (MRC 1978) show that the organic carbon has a small biochemical oxygen demand 
(BOD). Moreover, Monsanto did not identify any toxic organics above background concentrations. 
Therefore, organic carbon is not expected to be a significant hazard. 

The physicochemical characteristics of two coal-pile leachates recently investigated are considered 
typical for runoff from eastern coals (Table 4.28). These leachates were collected and analyzed at 
two coal-fired power plants owned by the Tennessee Valley Authority. 

TABLE 4.28. Physicochemical Characteristics of Untreated Coal-Pile Runoff (TVA 1979) 

Characteristic (Units) Plant 1 (a) Plant 2(b) Average 

pH (standard units) 281 2.56 267 
Acidity (mg/I as CaCO)) 3.335 1 ,650 2.4!10 
SO. (mg/l) 5,010 3,050 -4,030 
TSS (mg/l) 470 270 370 
TDS (mg/l) 7.800 4,000 5,900 
Fe (mg/l) 940 350 640 
Si (mg/I as SiC"l21 174 33 104 
AI (mg/I) 260 43 150 
Ca (mg/I) 300 320 310 
Mg (mg/I) 245 65 155 
Cu (mg/I) 0.90 0.20 0.55 
Zn (mg/I) 6.46 242 4.44 
Cd (mg/I) BOLtC) BOl 
Ni (mg/I) 2.6 0.30 1.4 
Cr (mg/I) 0.006 0.006 0.006 
Be (mg/I) 0.04 0.01 0.02 
Hg (mg/I) BOL 0.0021 0.0021 
As (mg/I) 0.15 0.020 0.085 
Pb (mg/I) BOl BOl 
Ba (mg/I) 0.17 0.14 0.16 

(a) Average total sulfur content of coal - 2 percent (samples are weekly composite Qmples and represent an 
average over that period of time). 

(b) Average total sulfur content of coal - 4 percent (samples were collected for one storm event of 2.0 in.). 
(c) BOl = below detectable limit. 
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The amount of coal stored at a generating station may vary with anticipated power demands, coal 
availability, and costs. Because of such variability, this analysis assumes that Both Brandon Shores 
and CrOlne will maintain full coal piles; an assumption which sets up a worst-case perspective for 
potential environmental hazards. For purposes of estimating the annual volume of coal-pile runoff 
produced at Brandon Shores and Crane (Table 4.29), runoff was taken to be equal to 726 percent of 
the rai'lfall on the piles. This percentage is derived from adual field measurements (TVA 1979) and 
represents a conservative yearly average. Adual relationships between rainfall and runoff vary 
according to the length and intensity of the rainstorms, the length of time between storms, the 
physical charaderistics of the coal, and the space over which the coal pile is distributed. An aver
age yearly rainfall of 40 inches (102 cm) and a 24-hour, 10-year rainfall event of 5.5 inches (14 cm) 
were assumed for each of the powerplants. 

NPDES regulations restrid the amount and quality of effluents that can be discharged from coal
storage piles. The Federal regulations allow a maximum TSS discharge of 50 mgll and require that 
the pH be between 6.0 and 9.0. Also, if a treatment facility is required, it may not release untreated 
discharges produced by any storm less severe than the 24-hour, 10-year rainfall event. The only 
exception to this rule is made when untreated effluent overflows during a storm more severe than 
the 24-hour, 10-year event. 

It is anticipated that the treatment of coal-pile runoff would involve the oxidation of reduced 
metals, the neutralization of acidic effluent with lime, and the clarification and filtration of the fluid 
mixture (Figure 4.5). Treated coal-pile runoff from the Brandon Shores units would be discharged 
into the Patapsco River estuary. The Ireii/ed runoff from the Criine Generii/ing Sliilion would be discharged /0 the 

Senea or SOlI/pe/er Creek estuaries. When lime precipitation is used on coal-pile runoff, a metal hydrox
ide (primarily iron hydroxide) sludge is produced. This sludge would be periodically removed from 
the settling basins. Because the metals will redissolve under acid conditions, this sludge should 
either be disposed of in a hazardous-waste landfill or should be chemically treated. When fly ash 
and lime (both already onsite) are added to the sludge, a strong, relatively impermeable solid is 
formed. (Fly iish from another plan/ or cement could be used a/ Crane.) The solid is suitable for d isposal in a 
regular solid-waste landfill (Malone et al. 1980) and could be disposed of with the ash and FGD 
sludge (Sedion 4.2.2). 

TABLE 4.29. Estimated Volume of Coal-Pile Runoff 

plant 

Brandon Shores 1 and 2 

Crane 1 and 1 

(a) 1 acre = 2.47 ha. 
(b) 1 gal = 0.0038 m). 

Coal-Pile 
Area (acres)(a) 

13.0 

3.1 

4.33 

Annual 
Runoff (�al)(b) 

10,300,000 

1,500.000 

Maximum Runoff, 
gallmin 

24-Hour, 10-Year 
Rainfall Event 

980 

140 
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Figure 4.5. Treatment Process for Coal-Pile Runoff 

The expected characteristics of treated coal-pile effluent and the EPA criteria for water quality are 
shown in Table 4.30. The treated runoff is of relatively good quality. All parameters are within  EPA 
water-quality criteria except those for zinc and iron, whose concentrations may exceed recom
mended criteria for marine waters. However, the ambient concentrations of zinc and iron are also 
high in the Patapsco River estuary (Table 3.12). The mean concentration of zinc already exceeds the 
estimated concentration in the treated coal-pile runoff. The concentration of iron i n  the river near 
Brandon shores is almost identical (0.928 mg/I) to the expected concentration in the treated coal
pile ru noff (1 mg/I). Therefore, discharge of treated coal-pile runoff should not change the ambient 
iron concentration of the Patapsco River estuary. 

The effect of treated coal-pile runoff on Ihe ambienl quality of the Seneca and Saltpeler Creek estuaries Oil Ihe CrOloe stalioo 

is more difficu/l to predict because there are no measurements of ambient concenlrations of zinc and iron in the Seneca and 

Sallpeler Creek eSluaries. However. Ihe mOlximum expected dischOlrse rate of treOlled coal-pile runoff is only 200 gpm. This 

quantily of dischOlrge is less Ihan one tenth of one �cMt of the lotal cooling-water inlake. If Ihe treOlled effluenl were dis

charged into Ihe cooling-water relurn. the nel change in the concentrations of zinc OInd iron are projected to be less thOln 

1 J.I8/I. Such small changes in the con central ion of Ihe cooling-WOller return would be un:letectOlble by present anOllyrical 

techniques. Therefore. discharge of treOlted coal-pile runoff to the Seneca or Saltpeler Creek esluaries would presenl mini

mal waler-qualily impacls. 

Water percolating through the coal pile into the underlying soil will have the same high acidity and 
content of metals as the surface runoff and could contaminate underlying ground water. The 
potential for contamination of ground water will depend upon the soil stratigraphy under the coal 
pile. The presence of relatively impermeable, clayey soils could effectively isolate i nfiltrating coal
pile runoff from the underlying ground water. The interaction of coal-pile runoff with soil material 
would neutralize some acidity and lead to the adsorp'ion of metal ions onto soil particles. However, 
the magnitude of this effect cannot be predicted without 1l specific studies on the acid neutraliza
tion and metal ion adsorption properties of the soils underlying the coal piles, or 2) knowledge of 
the mineralogical composition, surface area, and soil permeability. Therefore, the following analysis 
assumes a worst case of negligible neutralization of acidity or metal ion adsorption by the underly
ing soils. 
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TABlE 4.30. Expected Characteristics of Treated Coal-Pile Runoff Effluent and EPA Water Quality 
Criteria 

Concentration in EPA Water Quality Criteria(a) 

Parameter 

pH 

Fe 

Ca 

Mg 

Cu 

Zn 

Ni 

As 

(a) Source: EPA 1976. 
(b) Source: EPA 1973. 

Treated Effluent (mg/I) Fresh Water 

8.0 (Std. Units) 6.5 - 9.0 

1.0 1.0 

1 .300 NS 

150 NS 

0.03 1.I)(c) 

0. 1 5  5.0(c) 

0.05 (d) 
0.05 0.10(C) 

(c) Public Water Supply Criteria In Water Quality Criteria (EPA 1973). 
(d) (0.01 ) X II C50 for sensitive resident species). 

Marine Water 

6.5 - 8.5 

0.3(b) 

NS 

NS 

0.05(b) 

0.10(b) 

0.10(b) 

O.OS(b) 

Figures 4.6 and 4.7 show the soil stratigraphy u nder the Brandon Shores "nd Crane coal piles, respec
tively. The sand, si lt and clay designations in these figures represent the major particle size of the 
soil fract ion found in each boring section. 

The soil profile under the expected location of the coal pile at Brandon Shores shows a complicated 
stratigraphy (Figure 4.6). The central part of the coal pile is underlain with a relatively impermeable 
clay layer at depths of 10 to 30 feet. This clay layer prevents the passage of infiltrating precipitation, 
and therefore results in the formation of a perched water table at depths of seven to n ine feet 
below the ground surface. 

The relatively permeable sandy soil  above the clay layer could allow the passage of infiltrati ng coal
pile runoff into this perched ground water. Clay strata are absent from the western edge of the 
expected coal-pile area to the depth of t he soil  borings (about 40 feet). The absence of the imper
meable clay strata allows infiltrati ng water to penetrate into the ground-water table at depths of 15 
to 25 feet. Relatively permeable sandy material also separates this lower ground water from any 
infiltrating coal-pile runoff. Aquifers in the Patapsco formation lie beneath the Brandon Shores site. 
These aquifers are classified as type-one aquifers and are a potential drinking water supply. It  is not 
known if the ground water detected in the site borings is hydrologically connected to the Patapsco 
aquifers. The possibility exists that infiltrating coal-pile runoff could contaminate these aquifers. 
Impermeable liners and underdrain collection systems will be i nstalled beneath the Brandon Shores 
coal pile to minimize the possible contamination of ground water. 

The waler ,able al lhe Crane generaling slat ion i� aboul ) 10 4 1eff below the surfJce. Re/alively permeable sandy soil s�r· 

"'I'S Ihe coal pile Irom Ihe waler lable (figure 4. 7). Clay Slrara do exist ", depth> of aboul 10 10 30 11'1'1 bur arp nOI continu

ous. The probable direclion of ground waler 1I0w is loward Ihe x-neca or �/lpeler Creek f'>luJrie>. Woll ( 1978) reports Ihe 

exislance 01 a shallow well near Ihe Crane generating SIJlion but does nOI give inlormJlion about lhe use ol lhis well. 
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FJcure ... 6. Soil Stratigraphy Under the Projected Location of the Blandon Shores Coal Pile(a) 

(�I Data for Figure\ 4.6 and 4.7 submitted by S. A. link. BC&E. 10 loseph O. Pot.sek. ERA. lanuary 10. 1981. 
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Figure 4. 7. Soil Stratigraphy Under the Projected Location o( the Crane Station Coal Pile 

The potential exisl5 (or ground-water contamination (rom infiltrating coal-pile runoff because of the high water table and 

relatively permeable overlying soils. An impermeable liner would be required at the Crane Generating Station to minimize 

the pOllible contamination of ground water. BG&f plans the instal/at ion of such a liner together with underpile drains. 
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4.3.2 Ash and KiD Sludge Leachates and Effluents 

The two common methods of disposing of coal ash and FGD sludge are ponding  and landfilling. 
Since slurries are difficult and expensive to handle and transport over long distances, pon ding is 
only feasible onsite. Because ad�quate area for long-term storage is not available onsite, landfil l ing 
offsite is the most l ikely option for the Brandon Shores and Crane plants (Section 4.2)_ Disposal of the 
dry fly ash and wet bottom ash may occur separately or in combination with FGD sludge. landfil
l ing may affect water qual ity through surface runoff or the leaching of pollutants into ground 
water. 

The chief constituents of coal ash are oxides of sil icon, aluminum, and iron. Other major compo
nents are calcium, magnesium, sodium, potassium, and titanium oxides (Hart a nd Delaney 1978). 
Numerous trace metals are also present (Table 4.27). 

Several processes a re available to BG&E for flue gas desulfurization (FGD). Wet FGD with a limes
tone slurry is the most widely used and, thus, the most likely method of flue gas desulfu rization if 
an FGD system is needed at the BG&E plants (Peterson et al. 1 981 ). Sludge from this process is prim
arily composed of calcium sulfite, calcium sulfate, and calcium carbonate. Sludge from l ime and 
dual alkal i  processes and dry waste from d ry FGD are composed of calcium sulfite and calcium su l
fate. Calcium sulfate (gypsum) and calciu m  carbonate (limestone) are naturally occurring minerals 
and are not hazardous. Calcium su lfite reacts with oxygen to form calcium sulfate, thus depleting 
the oxygen in water or chemical oxygen demand (COD). However, calcium su lfite solubil ity is low 
(30 to 70 ppm), so th is effect is small (Johnson and lunt 1 977). long-term (eq ui l ibrium) COOs are 
quite small once the original sludge liquor has been displaced by freshwater from precipitation . 
Rossoff et al .  (1978) measured equilibriu m COOs as about 1 0  mg/l after displacement of the origi
nal liquor. The utility cou ld oxidize the sludge to the sulfate form before disposal. Regenerable 
FGD processes produce marketable sulfur or sulfuric acid instead of sludge, but the ash must be 
collected and disposed of separately. 

Runoff and leachate from FGD sludge have the potential to affect the environ ment thro ugh 
increased alkalinity and total dissolved solids (Dvorak et al. 1978). On land, excess alkal in ity (due to 
dissolved calcium) may exceed the buffering capacity of the soil and consequently increases the 
soil pH. Vegetation may be adversely affected by both the increased pH and the resultant decrease 
in availability of nutrients such as phosphorus, iron, and magnesium. On the other hand, toxic 
trace metilts will also be less available. In an aquatic system, increased alkalinity may exceed the 
aqueous buffering capacity, also increasing the pH. Some increased alkalinity may be beneficial as a 
counterbalance to acidic coal-pile runoff and acid precipitation. Also, heavy metal concentrations 
will be reduced. High total dissolved solids (TDS) may affect aquatic biota th rough effects on 
osmotic pressure. 

Runoff and leachate from the limestone storage pile may also have higher levels of alkal inity and 
total dissolved solids. However, the solubility of  calcium carbonate is  less than that of  calcium 
sulfite-14 mg/l and 50 mg/l, respectively (CRC 1 973), so impacts will be much smaller. 

The major environmental concern about ash and FGD sludge involves the possibility of addition of 
toxic t race metals to grou nd and sur�ace waters (Geswein 1 977). Trace metals are present in  s ludge 
in the fly ash particles captured along with 502 from the flue gas. Trace metal concentrations in 
runoff shou ld be negligible because of the minimal water contact time (Woodyard anu Sanning 
1 978; Coltharp et al .  1 979). 

Because leachate slowly seeps through a landfi ll, it has time to dissolve more of the waste (includ
ing trace metals) and carry it into the soil. To quantify differences in  potential i mpacts, Coutant et 
a l . ( 1 9 78) examined the qual ity of ash-pond water at the Bull Run Steam Plant of TVA. Although efflu--
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ent (overflow) from the ash-pond system caused little environmental i mpad, water that seeped 
through the settled ash and ash-pond embankment showed the potential for causing major envi
ronmental impads (high concentrations of iron, low concentrations of dissolved oxygen, high acid
ity, and toxicity to fish). 

Leachate Quantity 

Leachate is formed as the l iquid i n  the wastes gradually seeps i nto the ground beneath the landfill 
and is later replaced by precipitation. Movemer., of the l iquid and trace metals is retarded by low 
moisture in the wastes and by low permeabilities of the wastes in soil. Movement is increased as the 
amount of water i n  and above the landfi l l  i ncreases. Several sludge treatment methods which 
reduce moisture content or permeability are commercially available. Landfill clay or plastic l iners 
with very low permeabilities may also be used to retard the movement of wastes. 

Bentonite clay l iners are very effes;;:c a nd have permeabilities as low as 1 (t"8 cm/s. Bentonite is 
found only in  the West. Current costs are $50 to $6O/ton, plus $6O/ton shipping costs to the East 
Coast (Calzonetti 1980). Four to five pou nds of bentonit� per square foot may be required (at $2 to 
$5/yd\ Bentonite may also be used as an extender for local clays to reduce costs. Synthetic (plastic 
or rubber) l iners are pradically impermeable but are subjed to ripping, degradation in sunlight, 
and sealing problems between strips. In addition, the ability of synthetic l iners to retain their i nteg
rity over a number of years is uncertain. Plastic liners cost $1 .50 to $4.50/yd2 (Duvel et al. 1979). 

The exact quantit· · of leachate cannot be predided u nless the physical properties of the waste and 
the hydrogeological charaderistics of the d isposal site are known. Order-of-magnitude estimates 
may be made if the permeabil ities of the landfil l  and soil are known. Permeabilities of FGD sludge 
range from 1(t"4 to 1(t"7 cm/sec; that for fly ash varies from 1(t"4 to 1(t"4 cm/sec; and that for bottom 
ash averages 1(t"] cm/sec (Duvel et al. 1 979; GAl 1979). The company investigated sites with low 
permeabilities, because these sites would reduce the quantity of leachate produced. (a) The per
meability of the clay layer at the proposed Bishop and McKay site is 1 . 9  to 12 x 1(t"7 cm/sec. The 
movement of leachate is usually limited by the layer of lowest permeability. 

At higher permeabilities, the q uantity of leachate is l imited by the amount of infi ltration into the 
landfi l l  by precipitation, not by permeability. The infi ltration rate depends on such fadors as grade, 
vegetative cover, climate, drainage, and runoff control. If an average i nfiltration rate of 20 percent 
of the 40 in.lyear an nual rainfall is assumed, Duvel et a l. (1979) estimate that the maximum leachate 
flow as GOO gal/day/acre for l imiting permeabilities greater than 7 x 1(t"7 cm/sec. If the permeability 
is reduced to 2 x 1(t"7 cm/sec (for example, by the clay l iner at the Bishop and McKay site or by 
addition of a clay l iner at the top or bottom of a landfill), then the maximum leachate flow is 
reduced to 200 gal/acre/day. 

Leachate Composition 

Even if the quantity of leachate were known, its exad composition cou ld  not be predided. Concen
trations in the solid waste and associated liquid vary with coal types, boiler configuration, the ash 
and ash colledion system, the l imestone and FGD system, and the treatment method for the FGD 
sludge. Ranges of values reported for coal ash and FGD sludge liquids. from a number of coals and 

(a )  leiter from S. A .  link,  BG&E, to Joseph D. Polasek, EPA, January 1980. 
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FGD wet l imestone systems are given in Table 4.31. Sludge leachate values were the max imum con
centrations reported after leachate tests in several soil types. Sludge was treated by either the Poz
O-Tec8(a) process, which involves the addition of fly ash and l ime, or by the Caldlox8(b) process, 
which involves the addition of blast furnace slag and flyash. None of the trace elements exceeds the 
Resource Conservation and Recovery Act (RCRA) standards for leachates from hazardous wastes 
(defined as 100 times greater than Federal Drinking Water Standards). 

Data on trace element concentrations in oxidized slu dge leachate were not available. However, the 
EPA (1979) reports that leachate from oxidized sludge wil l  be similar to that from unoxid ized sludge. 
(Trace element quantit ies in the waste should not be affected by oxidation.) Permeabil ities of sulfite 
and sulfate sludge are similar, Le., 1(t"· to 1(t"5 cm/sec and l(t"S cm/sec, respectively (Duvel et al. 
1979). The major differences between oxiaized and unoxidized sludge will be the physical proper
tie, and the amount of liquid in  the waste. 

Additional quantities of trace ele!flents may become soluble as leaching of the solid waste con
t inues. Only t race metals located at the surface of the relatively insoluble ash can be leached away 
(Theis and Wirth 1 977). Surface concentrations of trace metals in fly ash are given in Table 4.32. FGD 
sludge is composed of calcium sulfate, calciu m sulfite, and calcium carbonate, all of which have 
l imited solubil ities. As the sludge comes in contact with water, the trace elements incorporated in 
the crystal structure become available for leaching. The rate of leaching can be minim ized by 
appropriate design of the disposal site and operating techniques. 

The soil underneath a landfill can act to decrease the migration of toxic trace elements. Different 
types of soil systems attenuate the trace metals by adsorption, ion exchange, and precipitation. The 
concentrations of cationic t race elements may be significantly reduced by ion exchange. A nionic 
trace elements tend to be more mobile, although mobil ity depends on the oxidation state. Holland 
et a! .  (1975) performed soil attenuation tests for representative trace elements in  ash and sludge 
leachates. They measured leachate concentrations at various depths of a soil column.  The d istance 
required to reduce leachate concentrations to 5 percent of the original is  given in Table 4.33. The 
soils used in the tests are described in Table 4.34. The average cation exchange capacity of the  clay 
layer at the Bishop and McKay site was 3 meq/100 g.  

Holland et  a l .  (1975) found that all trace elements, even anions, were attenuated to some extent in  
soils, including the most permeable sandy soils. Clays had very low permeabilities and showed the 
greatest attenuation .  The most mobile species tested were chromium (Cr), fluoride (F ) ,  and sele
nium (Se). Boron (in anionic form) is also present in h igh concentrations in waste l iquid (Table 4.31). 
These four  species are potentially the most l ikely to cause ground-water contamination. 

Water-Quality Impacts at the Site 

The greatest impacts would occur in those scenarios with the greatest quantities of solid waste and 
highest l iquid content in  the wastes. F ly ash will be disposed in dry form, but some l eaching will  
occur as precipitation seeps into the landfill. Fly ash may also be combined with the other wastes 
that are wet. Bottom ash and slag (from Crane) would be t ransported hydraulical ly at the  station and 
di!posed of wet (typically 20 percent water). FGD sludge may contain 20 to 70 percent  water. Sludge 
from Brandon Shores would be filtered before landfi l l ing to reduce the l iqu id content, the trans
portation costs, and the leaching potential. Untreated sludge usually can be filtered to 40 percent 

(a) Registered trademark of I .U. Conversion Systems, Inc. 
(b) Registered trademark of Dravo, Inc. 
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T ABLIE 4.31. Comparison of Ranges in Elemental Concentrations of Various liquid Wastes with Water Quality Standards (all values 
in  ppm) 

FlyAsh Bottom Ash Sludge Treated Sludge 
Element Pond Pond leachate leachate 

Arsenic (As) 0.005 • 0.023 0.002 · 0.015 0.008 · 0. 30 0.008 . 0.05 (c) 
Barium (Ba) 0.2 · 0.40 0.1 • 3.0 0.002 · 2.00 0.3 · 2(c) 
Boron (B) 1 • 24.6 1 · 24.60 0.22 · 40.00 0.5 · 1.3(d) 
Cadmium (Cd) 0.023 • 0.052 0.001 • 0.085 0.0005 · 0.047 0.01 · 0.03 
Chromium (Cr) 0.012 · 0.17  0.005 · 0.023 0.001 · 0.25 0.Q2 · 0.05 
Copper (Cu) 0.16 · 0.45 0.01 · 0.14  0.002 · 0.56 0.02 · 0.10 
Fluorine (F)  1 .00 1 • 14.85 0.05 · 2(g) 0.05 · 1.75(d) 
lead (Pb) 0.01 · 0.20 0.01 - 0.08 0.003 - 0.039 0.05 
Mercury (Hg) 0.002 · 0.0006 0.0002 - 0.006 0.0004 · 0.07 0.001 5 · 0.006 
N ickel (Ni) 0.06 · 0.13 0.5 · 0.20 0.01 5 · 0.05 0.015 
Selen ium (Se) 0.001 • 0.004 0.001 · 0.05 0.0005 · 0.54 0.04 · O.09(d) 
Silver (Ag) < 0.01 · 0.01 < 0.05 0.036 · 0.038(d) 0.010 · 0.022(d) 
Vanadium (V) NA(h) 0.02 0.1 · 0. 20 0.08 · 0.29,J) 
line (In) 1.1 · 2.7 0.02 · 0.16 0.01 · 4. 20 0.01 · 0.02 

Source: Hart and Delaney 1978, except where noted. 
(a) RCRA standards are defined dS 100 times greater than the primary drinking water standards. 
(b) Knight et al .  1980. 
(c) Holland et al. 1975 (p. 21 ). 
(d) Coltharp et al. 1979 (p. 6-78). 
(e) I rrigation Standards. 
(f) Proposed Secondary Drinking-Water Standards. 
(g) Jone� and Schwltzg�bel 1 978 (p. 1 2, Shawne� and Four Corners sludge). 
(h) NA = Not available. 

ERA I nterim 
Primary Drinkin� RCRA(a) 

Water Standards( ) Standards 

0.05 5.0 
1.0 100.0 
0.75(e) 

0.010 1.0 
0.05 5.0 
l (f) 

1 .4 - 2.4 
0.05 5.0 
0.002 0.2 

0.01 1.0 
0.05 5.0 
10.0(e) 

5(f) 

I 
I I 

I I 
I 

I 

! 
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TABLE 4.32. Surface Concentrations of Trace Metals of Fly Ash,  Percent of Total 
Concentration (Theis and Wirth 1 977) 

Metal Range Average 

Arsenic (As) 65 - 100 93 

Cadmium (Cd) 2 - 58 25 

Chromium (Cr) 15 - �4 44 
Copper (Cu) 25 - 75 48 

lea d (Pb) 5 - 40 8 

Nickel (Ni) 5 - 42 11 

Zinc (Zn) 10 - 70 30 

TABLE 4.33. Attenuation of Trace Elements in Leachate by Soil, Distance in Feet Required to 
Reduce Leachate Concentration to 5 Percent of the Original Landfill Value 

After Two Years After Ten Years 

Loam Clay Loam Clay 
Soik(a) Sand Clay Silt-Loam Loam Sand Clay Silt-loam Loam 

Type Number 1 3 4 5 1 3 4 5 

Ash Lucioalt> 
Arsenic (As) 16 9 4 7 50 34 11 23 
Chromium (Cr) 200 9 7 100 700 34 22 420 
Copper (Cu) 1 6  9 4 ND(b) 50 34 11 N D(b) 

Fluorine (F) 2,00 50 70 95 10,000 280 350 390 
Selenium (Se) 120 10 17  15 500 37 63 52 

Sludge L�te 
Chromium (Cr) 200 60 56 94 1,000 290 220 560 
Copper (Cu) 3 7 3 3 10 19 10 10 
Fluorine (F) 200 34 78 94 1,000 160 310 560 
Mercury (Hg) 90 7 5 4 420 19 18 12 
Zinc (Zn) 3 7 3 4 16 19 1 0  1 2  

Source: Hollan d  e l  al. 1975. Data from laboratory soil column tests using soils and leachates from operating 
power plants. Soils were graded by the U.S.D.A. test. 
(a) Sample �, 90 percent illite clay, virtually stopped leachate penetration (Table 4.34 gives soils used in leachate 

tests). 
(b) NO = not determinable. 
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TABLE 4.34. Soils Used by Hol land et al .  (1975) i n  leachate TeAS 

Average Average Assumed 
Sample TexturaHb) CEC(c) Permeability Porosity 

N umberla) Classification (meq/1oo g) (cm/s) (percentage) 

Sand 3.6 5.1 x 10-4 50 

2 Clay (90 percent i l l ite) NO(d) 5 x 10'" 10 

3 Clay (90 percent kaolinite) 31 7.4 x 10"6 10 

4 Silt loam-silty clay loam 30 1.2 x 10"s 1 0  

5 Loam-clay loam 21 2.1 x 10"s 10 

(a) These were soil samples from operating powerplants. 
(b) Ory sieving, pipetting, and centrifugation (U.S.O.A. standards). 
(c) Cation-exchange capacity in un its of milliequivalents of cation per 100 g of soil. Measured 

as amount of NH.+ as in (NH/ ) (OAcT 
(d) NO = not determined. 

l iquid. Chemically treated or oxidized s ludge can be filtered to 20 percent l iquid_ The use of low
calci u m  limestone would increase the a mount of waste and thus the amount of l iquid by about 15  
percent; the  increase wou ld consist primari ly of  relatively inert s i l icon d ioxide_ The greatest quan
tity of solid waste (f ly ash ; bottom ash; a nd high-calcium, oxidized FGD s ludge) would be produced 
under Scenario 3 - a total of 101 ,700 ft3/day at 100 percent capacity (Sedion 4.2.2). The a dual quan
tity of leachate wou ld  depend on the amount and type of waste at the site at any one time, the 
permeability of wastes and soi l ,  the rate of infiltration of precipitation, and the final design and 
operation of the site (including leachate col ledion systems). 

Disposal of solid waste at the Bishop and McKay site could have some impad on local ground- and 
surface-water quality. Surface water d.ains to the Patapsco estuary via Bishop Creek, Marley Creek, 
and Nabbs Creek (OM 1980). About 70 percent of the site drains into the interm ittent B ishop Creek, 
a tributary to Cox C reek. Bishop Creek i s  confined onsite by a cu lvert under the transmission l ine 
right-of-way a nd by a bridge on Fort Smallwood Road. 

I ndustrial ground-water use is primarily from the Patuxent formation, which is confined by the 
Arunciel clay (see Sedion 4.2) . The saturated siltysand layer (Layer 3) of  the Patapsco formation pro
vides water to both industrial and domestic users. Both aquifers are believed to be hydraulically 
connected to the Patapsco River. 

The Patapsco clay layer (layer 2) which separates layer 3 from the surface water is regionally discon
t inuous, making hydraulic connections l ikely (OM 1 980). The aquifer appeared, based on six soil 
borings, to be confined by the clay layer throughout  the site. The water qual ity in layer 3 (from a 
wel l  on the Bishop and McKay site) met a l l  the National I n terim Primary Drinking Water Standards 
except those for pH. Ground water in layer 1 is bel ieved to drain to the Patapsco River. However, 
no flow measurements were taken to con firm this (OM 1980). 

Before the site is used, additional ground-water monitoring shquld be performed_ The diredion of 
ground-water flow in layer 1 and the cont inuity of layer 2 should be confirmed. 

BG&E plans to optimize the design and operation of  the disposal site to min imize leaching and 
runoff problems. I t  was assumed that the engineer ing design and operation would be s imilar to 
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those of other utility solid-waste disposal sites in Maryland. Reference was made to Potomac Elect
ric Power's Chalk Point fly ash landfill (in southern Maryland about 40 miles from Brandon Shores), 
which is currently in operation, and Delmarva Power and Light's Vienna No. 9 solid-waste disposal 
site ( in eastern Maryland about 60 miles from Brandon Shores), which is  in the construction permit
ting process (GOI 1974). 

Ground-water contamination will be minimized by an existing clay layer (Layer 2) if this layer is con
tinuous. Otherwise, a clay or synthetic liner would be required. Grou nd water from Layer 3 should 
be monitored regularly for contamination. The top sandy layer of soil (Layer 1) should be separated 
from the waste by clay or synthetic liner walls to prevent contamination of the Patapsco river. I nac
tive areas of the landfill should be see:led, capped with soil, and seeded. Surface runoff from other 
parts of the site should be diverted from the active face of the landfill. Runoff from active areas 
should be collected in sedimentation basins. Effluent from the basins could be released to Bishop 
Creek if it meets NPDES permit requirements. Otherwise, the effluent must be treated or recycled 
to the Brandon Shores Generating Station. A leachate-collection system may also be needed at the 
bottom of the landfill. Any leachate collected must meet N PDES permit requirements before 
discharge. 

In summary, the Bishop and McKay properties form a promising disposal site for the solid wastes 
which will be produced if BG&E converts Brandon Shores. Environmental effects from transporta
tion would be minimized. If the day layer is continuous, as expected, impacts on ground water will 
be minimized. The landfill can and should be designed and operated to reduce surface-water con
tamination. The available area outside the wetlands and floodplains and suitable for disposal is large 
(200 acres) and could contain about one-third to one-half of the total amount of solid waste gener
ated under Scenarios 2, 3, 4, and 5 (Table 4.26). 

4.3.3 Dredging and Dredse Spoil EHluents 

The channel covers an area of approximately 70 acres of bottom sediments. This area includes 
approximately 25 acres of bottom sediments disturbed by previous dredging. Additional d redging 
was required to deepen the channeUa) Either hydraulic or clamshell dredges are typically used to 
do this kind of work. 

Hydraulic dredges employ a cutting or suction head on an intake line. The sediment is pumped as a 
slurry through a pipeline to a disposal area. The sediment slurry typically contains 80 to 90 percent 
water by weig

'
ht (Barnard 1978). 

Clamshell dredges employ a biparting bucket, which is lowered and raised by a hoisting cable. The 
bucket is al lowed to fall freely through the water body in an open mode. The weight of the bucket 
and the rate of descent cause it to sink into the bottom sediments. The bucket is closed, brought to 
the surface, and its contents are dumped into a barge adjacent to the dredge. The barge transports 
the spoils to a disposal area. 

In general, hydraulic dredges mix less sediment into the surrounding water than clamshell dredges.. 
Most of the turbidity associated with clamshell dredging results from the sediment resuspension 
that occurs when the bucket hits the bottom and is pulled away (Barnard 1978). 

Hydraulic dredges typically transport large volumes of water along with the sediments. This water 
goes to the same disposal area as the dredged sediment. The extra volume of material may require a 
larger disposal area than if the same sediments were dredged by clamshell. If the sediments are ser.t 

(i) Areas were estimated from drawings included with the Water QU4Ility Certification issued to BG&E. 
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to confined disposal areas, the excess water may require treatment before it is d ischarged from the 
disposal site. Treatment normally consists of the addition of polymers or flocculat ing agents to 
reduce the turbidity of the discharged water. 

The barge channel at Brandon Shores was constructed by clamshell dredge. The permit for the 
required enlarging of the spoil disposal site stipulates that only material dredged by clamshell be 
placed at the site (Department of the Army permit issued to Chessie Resources I nc). 

Any water-quality impacts that occur during dredging operations would be expected to have lasted 
only as long as the dredging operation itself. The dredging of the proposed barge channel was 
completed in March 1982. (a) The suspended sediments from dredging operations form a plume of 
turbid water, which decreases in density with distance away from the dredging operation as a result 
of mixing and dilution. Within the turbid plu me, pollutant concentrations may increase as a result 
of both the additional pollutant content of the suspended sediments and the solubil ization (i.e., 
release) of pollutants from the suspended sediments. The d issolved oxygen content of the water 
may decrease as a resu lt of reaction with reduced su lfur, iron, or manganese compou nds contained 
in the suspended sediments. 

The concentration of pollutants released from suspended sediments does not correlate with the 
total pollutant concentration in the sediments (Brannon et a!. 1976). The standard elutriate test is a 
reasonably accurate measure of the solubilization of pollutants from dredged sediments (lones and 
lee 1978). 

Dredging operations u navoidably create a tu rbidity plume. In recognition of this, the water-quality 
criteria set by the U.S. EPA incorporate the concept of a mixing zone (EPA 1976). A mixing zone is 
defined as "an area continuous to a discharge where receiving water quality may neither meet all 
quality criteria nor requirements otherwise applicable to the receiving water." The criteria specify 
that a mixing zone not occupy more than 10 percent of the cross-sectional area of an estuary. Turbid
ity levels at the edge of the mixing zone must not exceed an average monthly level of 50 JTU (about 
80 mg/I suspended solids, nor a maximum turbidity level of 150 JTU (about 250 mg/I suspended sol
ids (EA 1980a).  

The calculated concentration of suspended solids in  the dredging plume exceed 250 mg!l for a dis
tance of up to 240 meters from the d redging operation and exceed 80 mg/I for a maximum distance 
of 700 meters (EA 198Oa).  These calculations initially assumed that the sediments would be removed 
by a hydraulic dredge. However, the high sediment loss rate(b) used in the analysis (assumed to be 
5 percent) should also be applicable to a clamshell-dredging  operation.(c) The estimated plume 

. 

dimensions are in good agreement with the findings of Barnard (1978), who found that the turbidity 
plume from typical clamshell-dredging operations extended downstream about 300 meters at the 
surface with average water column concentrations of suspended solids of generally less than 100 
mg/I (Barnard 1978). Ecological Analysts (EA 1980a) also calculated that the 80 mg/I suspended solids 
plume would occupy a maximum of 6 percent of the cross-sectional area of the estuary. This calcu
lation assu med that the worst case of the turbidity plume would extend directly across the estuary. 
The calculated plume cross-sectional area of 6 percent is less than the maximum allowed 10 percent 
limit on the mixing zone cross-sectional area of an estuary (EPA 1976). 

(a) letter to lynda Nesenholtz. ERA. from Charles A. Herndon. BG&E. July 7. 1982 
(b) This is actually a sediment suspension rate. 
(c) letter to S. A. link BG&E. from Frank Pine. Ecological Analysts Inc . •  dated August 1. 1980. 
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I n  addition to the concentration of suspended solids, the concentration o{ other water-quality 
parameters must comply with EPA water-quality s\andards at the edge of the mixing lone. Table 
4.35 gives the estimated concentrations of various pollutants at different locations in the turbidity 
plume along with EPA water-quality criteria and the ambient quality of the Patapsco River estuary. 

Table 4.35 shows that the predicted cadmium and mercury concentrations 700 meters from the 
dredging operation could exceed EPA water-quality criteria for both fresh and marine waters, and 
the concemration of copper 700 meters from the dredging operation could exceed EPA water
quality criteria for marine waters. However, the predicted concentrations at the edge of the mixing 
lone (700 m) would be simi jar to the present ambient quality of the Patapsco River near Brandon 
Shores. Therefore, degradation of the water quality of the Pat 'psco River is not projected to occur 
with respect to tt::- constituents in Table 4.35. 

Dredging may reduce the dissolved oxygen content of the water. Ecological Analysts (EA 1980a) 
measured the dissolved oxygen concentration of elutriate samples that were in contact for about 
one hour with suspended sediments from the area of the proposed barge channel. The dissolved 
oxygen concentration in these samples (mean 7.7 mg/l) was less than the ambient concentration of 
the Patapsco River estuary (ll mg/l). The decrease is probably a result of the reaction of dissolved 
oxygen with reduced iron, sulfur, or r:nanganese compounds. The residual dissolved oxygen con
centration (7.7 mg/l) still meets EPA water-quality criteria for both fresh and marine waters. 

Therefore, the dredging of the barge channel should not have significantly affected the ambient 
quality of the Patapsco River estuary outside of an allowed mixing lone. 

TABLE 4.35. Estimated Concentrations in the Turbidity plume Resulting from Barge Channel 
Dredging at Brandon Shores (all values mg/l) 

Predicted Predicted 
Concentration Concentration 

240 meters from 240 meters from The Ambient Quality EPA Water Qualitr Criteria(c) 
the Dredgin� the Dredgin� of the Patapsco River 

Constituent Operation(a Operation(a Near Brandon Shores Fresh Water Marine Water 

Cadmium <0.014 <0.014 <0.014 0.004 0.005 

Chromium 0.083 <0.045 <0.045 0.100 0.100(b) 

Copper 0.147 0.135 0.129 1 .0(d) O.OS(b) 

lead 0.027 0.013 0.007 (e) O.05(b) 

Mercury <0.001 5 <0.0015 <0.0015 0.00005 0.00010 

(a) Source: Ecological Analysts (EA 1980a). All values were calculated using the equation 

C(x) = xl1.000,OOO [Cs + Ca (1 • liD) + Ce/D) where 
C(x) = maximum concentration of a constituent where the suspended solids concentration equals x 

x = suspended solids concentration in ppm 
Cs = concentration of the constituent in the sediment 
Ca = ambient concentration of the constituent 
Ce = Concentration of the constituent in the standard elutriate 

D = di lution in the discharge. 
(b) Source: EPA 1973. 
(c) Source: EPA 1976. 
(d) Source: Public Water Supply Criteria In Water Quality Criteria (EPA 1973). 
(e) (0.01) X (96-hour lC� for a sensitive resident species) using receiving water and soluble Pb measurements. 
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Dredge spoils from Baltimore Harbor can not be d isposed of in an u nconfined manner into the 
waters or onto the bottom lands of Chesapeake Bay or the t idewater portions of its tributaries out
side of Baltimore Harbor (EA 198Oa). Section 8-1601 of the Annotated Code of Maryland defines Bal
timore Harbor as the "tidal portions of the Patapsco River and its tributaries lying westward of a line 
extending from Rock Point in  Anne Arundel County to North Point in  Baltimore County." The 
barge channel to Brandon Shores is west of this l ine. Therefore, d isposal of dredge spoils from the 
Brandon Shores barge channel is l imited to confined disposal or overboard disposal within the har
bor (EA 1980a). 

Overboard di\posal of dredge spoils in  Maryland waters requires that the bulk chemical concentra
tions in the sed iments meet certain requirements (EA 1980a). These requirements, along with sedi
ment concentrations from the area of proposed dredging, are shown in Table 4.36. 

The surface sediments (0 to 4 feet below the sediment/water interface) are relatively more contam
i nated than the deeper sediments (Table 4.36). The mean chemical oxygen demand and concentra
tions of copper, chromium, and lead in surface sediments exceed Maryland State l imits for 
overboard d isposal. In the deepest sediments (4 to 10 feet below the sediment/water interface), 
none of the constituents exceeds Maryland State standards for overboard d isposal. The mean con
centration of chromium and the chemical oxygen demand exceed State standards in the mid-depth 
samples (2 to 6 feet below the sed iment/water interface). In addition, the surface sediments contain 
a significant clay fraction (34 percent) ,  whereas the mid-depth and deepest samples contain only 1 3  
percent to 14 percent clay. The higher clay content is predicted to create a larger turbidity plume 
for the surface sediments relative to the deeper sediments at an open water d isposal area. There
fore, overboard d isposal of the surface sediments inside Baltimore Harbor would probably have 
been prohibited. Overboard dispsoal of deeper sediments inside the harbor appears to be 
acceptable. 

The dredge spoils were disposed of at an :Jpland area on Marley Neck (Figure 4.4), which is located 
about one mile from the barge channel (Section 4.2.3). The d isposal design included a 1.8-acre sed
imentation basin in the southeast corner of the site. A dike sp.parates the sedimentation basin from 
the remaining d isposal area. Excess water flows through an oVE':rflow pipe into the sedimentation 
basin. Water overfl�w from the basin is discharged via a spil lway into the Patapsco River. 

The d ischarge of water from a confined d isposal basin must conform to standards specified in the 
Water Quality Certification issued to BG&E by the Department of Health and Mental Hygiene. This 
certification places l imits on the quality of the effluent that can be discharged from spoil
containment areas. The standards are given in Table 4.37, along with the estimated constituent con
centrations in d ischarged water. 

The predicted concentrations in the d ischarged water exceed the �tandards for arsenic and mer
cury. Therefore, discharges of water from the confined d isposal area should be l imited. Two pre
vious reports(a,b) refer to the expected quantities of effluen' discharged from the Marley Neck dis
posal site. Both reports refer to the possible placement of 600,000 yd1 of dredge spoils at the Marley 
Neck site. One report(a) states that if  the spoils were dredged with clamshell methods, no effluent 
discharge would  occur. The other report(b) states that d ischarges over the spillway would not occur 
for "normal" amounts of rainfall. Discharges would only occur when "major storms" dump large 
volumes of water into the d isposal site. The 600,000 yd1 of dredge spoils were u lt imately placed at 
another site.(c) The BG&E spoils had a volume of only 462,000 yd1• Therefore, water d ischarges from 
the site could be expected to occur only during periods of heavy rainfal l. 

(a) letter from M. F. Boussu; N.O.A.A., to S. W_ Peck; Army C.O.E.. not dated. 
(b) letter to Jon Romeo; ACOE, from E. U_ Dalton; Aaekenheil and Associates. dated January 10. 1980. 
(c) These dredge spoils were from the 1-95 dredging project and were disposed of in the Canton/Seagrit Disposal areas 
(USDT IMDT 1979). 
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TABLE 4.36. Concentration of Various Constituents in the Sediments at the location of the Brandon Shores Barge ChanneHa) 

Maryland State 
Sta ndards for Surface Mid Depth Deepest Total Bulk 

Parameter Overboard Disposal Sediments(b) Sedlments(c) Sedlment(d) Sediment 

Volatile Solids 110,000 72,500 ± 20,800 44,500 :: 14,300 12,«10 ± 48,300 78.300 ± 58,800 

Chemical Oxygen Demand 100.000 143,000 ± 33,000 107,000 ± 55,000 86.000 ± 48.000 120.000 ± 22,800 

Hexane Extractables 5.000 680 ± 750 320 ± 1.250 120 ± 340 
Total Organic Carbon 20.000 16.800 ± 5,900 10.800 ± 22,800 9.700 ± 25,800 

Zinc 300 104.3 ± 101.5 157.7 ± 247 48.9 ± 76.4 

Mercury 1 0.425 ± 0.211 0.217 ± 0.185 0.120 ± 0.183 

Cadmium 2 1.0 ± 0.9 1.1 ± 1.03 0.9 ± 0.8 

Copper 80 94.9 ± 52.8 65.0 ± 78.2 39.9 ± 124.7 

Chromium 80 142.5 ± 94.9 118.7 ± 156.8 60.6 ± 89.0 

lead 100 105.7 ± 51.3 68.9 ± 85.4 38.1 ± 57.1 

TkN 2,500 65O ± 330 500 ± 1.300 310 ± 1,120 

Total Phosphorous 2,500 140 ± 80 60 ± 90  50 ± 170 

(a) Source: Ecological Analysts (EA 198Ob). All values are in mg/kg with ± the 95 Percent confidence interval from the mean. 
(b) Surface sediments range between 0 and 4 ft below the sediment/water interface. 
(c) Mid-depth sediments range between 2 and 6 ft below the sediment/water interface. 
(d) Deepest sediments range between 4 and 10 ft below the sediment/water interface. 

449 ± 372 

13.500 ± 4.000 

103.4 ± 69.5 

0.296 ± 0.12 

1.008 ± 0.426 

73.5 ± 31.4 

1 15.1 ± 57.1 

8O.0 ± 32.9 
529 ± 260 
100 ±  40 
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TAiLE 4.37. Estimated Quality of Water Discharged from the Confined Dredge-Spoil Disposal Area 

Water Quality 
Certificate Expected 

Parameter Standard (mg/l) Concentration (mgll) 

Total Suspended Solids 400 19S ± 378(a) 

pH (std units) 6.5 - 8.5 6.7 ± G.4(a) 
Dissolved Oxygen 5 7.7 ±  uta) 
Arsenic 0.003 0.032(b) 

Copper 3.0 O.lSn(c) 
Iron 1.0 N/A(d) 

Mercury 0.0001 0.OO3(C) 

PCB's 1 x 10-' N/A 
Lead Ns(e) O.(MO(c) 
Cadmium NS O.028(c) 

Chromium NS O.lOOC) 

(a) Concentrations in the elutriate after one hour of senling. Source: EA 198Oa. 
(b) Computed from the equation Cd = (400 x 10-' Cs) + Ca + Ci where 

Cs = bulk sediment concentration. Source: EPA 19n, for 
Cs = 31 mglkg 
Ca = ambient concentration 
Ci = concentration in elutriate minus concentration in elutriation water 
Cd = concentration in discharged water. The suspended solids 

concentration was assumed to be 400 mg/l in all calculations. 
(c) Computed by Ecological Analysts (EA 198Oa). 

(d) N/A = Not Available. 
(e) NS = No standard. 

Contamination of ground water at the site could occur if water contained in the spoils infiltrates 
through the underlying soil into the ground water. The concentrations of chemical constituents in  
the infi ltrating water can be esti mated from the values found in the standard elutriate test (Table 
4.38). 

The constituent levels in  water d ischarged from the d isposal site into u nderlying ground water are 
regulated in the Water Quality Certificate issued to BG&E. These standards are shown in Table 3.10 
as EPA Interim Primary Drinking Water Standards. The estimated concentrations in  water which 
could infiltrate into u nderlying groun d  water (Table 4.37) all meet the ground-water standards 
except possibly for cadmium, for which the analytical detection limit is greater than the standard for 
ground-water d ischarges (Table 3.10). The infiltrating water would also contai n  high concentrations 
of chloride, su lfate, and total d i ssolved solids, because thp. water associated with the spoils comes 
from the Patapsco River, which has high ambient concentrations of these constituents. However, 
any water that infi ltrates into the underlying soi l  would probably flow back into the Patapsco River, 
which borders the site on the southern and eastern sides. In addition, the spoils previously depos
ited at the site came from the Baltimore Harbor area. (a) The water associated with these spoils also 
would have contained high concentrations of chloride, sulfate, and total d issolved solids, and water 

(�) letter from M. F. Boussu; N.O.A.A .• to S. W. Peck; Army CO.E . •  not dated. 
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TAIU 4.31. Composition of Patapsco River Sediment Elution Watt. 
(standard elutriate test, all values mgll) 

Parameter Concentration(a) 

Nitrate/Nitrate Nitrogen 1.00 ± 0.21 

Arsenic 0.02 ± 0.004 

Barium 0.07 ± 0.013 

Cadmium 0.014 

Chromium 0.045 

Copper 0.123 ± 0.029 

Iron 0.806 ± 0. 151 

Lead 0.008 ± 0.003 

Mercury 0.001 5 

Selenium 0.003 

Silver 0.03 

(a) Source : Ecological Analysts (EA 198Oa). Associated error terms 
are for the 95% confidence interval from the mean. 

currently in the disposal site would have similar concentrations. Therefore, water i nfiltrat ing into 
the underlying soil would present minimal potential for water-quality impacts. 

Periodic maintenance dredging of the proposed barge channel would be required. In the Baltimore 
Harbor area, th is type of activity typically occurs every 4 to 6 years depending upon the frequency 
of severe storms and the exact 10cC!tion of the dredged area relative to river discharge poi nts. (a) 

Exact maintenance dredging requirements cannot be predicted but would be determined when the 
need for dredging arises. Water-quality impacts from maintenance dredging would  be similar to 
impacts which occur during the original dredging operation. The total t ime required to complete 
dredging and the total quantity of spoil removed would be less than for the original operation. 

4.4 TERRESTRIAL ECOLOGY 

This section on terrestrial ecology focuses on the ways in which combustion emissions and solid
waste disposal would affect animals, vegetation, and the human environment. Potential i mpacts that 
are inherently limited in duration, magnitude of impact, or areas of impacts are n ot addressed. 
Examples include fugitive d ust and storage of coal or limestone. The effects of noise caused by con
struction and plant operations are addressed in Section 4.6. 

(a) Letter to  William Schwarz, Mclean Contracting Company. from Andrew Felmy, PNL, dated April 24, 1981. 
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4.4. 1 Atmospheric Emissions 

Vegetation 

Different species of plants exhibit varying sensitivities to atmospheric pol lutants. A plant's response 
is mediated by biological factors as well as abiotic factors such as humidity, temperature, photope
riod, l ight intensity, and edaphic factors. The principle hazard to vegetation from air emissions is 
caused by foliar deposition of 502. Particulate matter does not constitute a hazard to vegetation 
through foliar deposition; however, their trace metal burden may accumulate in  plants to poten
tially detrimental concentrations via root uptake (plant uptake is addressed in Section 4.4.2). 

Heck and Brandt (1977) have grouped into "sensitive," "intermediate," and "resistant" cat«:gories 
respective to their susceptability to acute (less than 8 hours) exposures of 502 and N02 (Table 4.39). 
Based upon n umerous laboratory studies, Heck and Brandt (1977) report that 5 percent of the vege
tation crown will be damaged if the concentration ranges listed under "most sensitive conditions" 
are present. Appendix B lists the qualitative sensitivity of crops, garden plants, and native species to 
502. 

Predicted maximum ground-level, 3-hour concentrations of 502 have been presented for each 
generating station and fuel scenario (Tables 4.6 and 4.8) . All coal conversion scenarios are capable 
of producing or contributing to ground-level concentrations of 502 in excess of 540 JJg/ml, the 
lower l imit of 502 that may injure vegetation. The actual ground-level concentrations of 502 are 
influenced greatly by meteorological conditions, as indicated by year-to-year ·"ariabil ity. Appendix H 
tabulates predicted maximum changes i n  502 I�sult ing from the five years of meteorological data 
used in the air-quality analysis. 

It is necessary to identify when and where the highest ground-level concentrations of 502 will 
occur in order to estimate potential impacts on vegetation. Areas most l ikely to be affected were 
identified by examining the fifty highest predir:ted concentrations under the meteorological condi
tions of 1 964-the year that produced the h ighest estimated ground-level concentrations of 502 at 
Brandon Shores. It  is important to realize that meteorological conditions are quite variable, and that 
maximum ground-level 502 concentrations can occur in  any d i rection and distance within reasona
ble l imits. Therefore, the predictions of areas of maximum impact derived from the 1964 meteoro
logical data shou ld  be viewed with caution because they do not represent predictions but a 
h istorically worst-case scenario. 

Brandon Shores. The fifty maximum grou nd-level concentrations of S02 were calculated at d istances 
of 0.8, 1 .0, 1 . 3, 1 .7, and 2.3 km from the stacks. They occurred within the 1 .3  to 2.3 kilometer 
range, predominately towards the east and at lesser frequencies towards the north and northwest. 
Forty-n ine of the values occurred during the months of May, J une, and J u ly between 9:00 a.m. and 
3:00 p.m .  The d irection and d istance suggest that residential areas will not be affected as often as 
the developed and undeveloped land to the north of the Brandon Shores site. Portions of the 
plume may extend over the Patapsco River at certain t imes. Private residences along the southwest 
shore of the Patapsco River and the Swan Crcek wetlands may also receive high levels of S02. 

Crillne. Eighty-six percent of the fifty highest SO, values occurred within 1.3 to 2.3 km of the generating station. Twenty-eight 

percent were located west of the generating station and 44 percent were located to the east and northeast. The 50 highest 

values consistently occurred between 9:00 a.m. and 3:00 p.m. May, June. and July accounted for 86 percent of the 50 highest 

SO, concentrations. Potentially affected areas included residential areilS to the west and a n orthern portion of Carroll Island. 

Wetlands in the immediate vicinity of the generating station would nex be affected by high levels of SO, because of the 

height of the s tacks (i.e., no building wake effect). 
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TABlE 4.39. Concentration Ranges of 502 and N02 Required to Produce 5 Percent Injury to 
Vegetation by Short-Term Exposure(a) 

S02 (pg/ml) 

Duration, Hour Sensitive I ntermediate Sensitivity 

1 .0 1,310 to 6,500 
20 790 to 5.240 
3.0(b) 540 to 3,930 
4.0 390 to 3,140 
8.0 262 to 1,965 

1 .0 5,640 to 18,800 
2.0 4,700 to 14,100 
4.0 3,760 to 11,280 
8.0 2,820 to 9,400 

(a) Values taken from Heck and Brandt 19n. 
(b) I nterpolated value. 

5,240 to 19,650 
3,930 to 13,100 
2,920 to 9,960 
2.620 to 9,170 
1,310 to 5,240 

N02 (pg/ml) 

16,930 to 37,610 
13,160 to 141,000 

9,400 to 22,570 
7,520 to 16,930 

Resistant 

> 1 8.340 
> 11 ,790 

> 9.170 
> 7,860 
> 3,930 

24,450 
33,850 
18,800 
1 5,().4(J 

The highest predicted 3-hour 502 concentration (including background) among al l  units over five 
years of meteorological observations was below the lower limit of 502 effects on plants of interme
d iate sensitivity. Only the most sensitive plants (Appendix B) would therefore be expected to incur 
foliar damage from the 502 emissions. Actual incidences of foliar damage would  be rare. For exam
ple, out of the 42 highest predicted ground-level 502 concentrations (excluding background) 
within a six-kilometer radius of Brandon Shores for Scenario 3 (Figure 4.8), about 33 of these con
centrations would be less than the minimum concentration (540 pg SO:zlml) that would produce an 
effect on the most sensitive plants. These values were the highest of 840,960 predicted concentra
tions computed for one year's time within a six-kilometer radius of the station; 849,918 of these 
concentrations were less than 300 pg/ml. Background concentrations of 502 range up to 384 pg/ml 
(3-hour value); however, this value is an extreme, and background levels would rarely exceed 200 
pg/ml. Consequently, actual ground-level concentrations (background plus emission levels) of 502 
would reach a level of 540 pg/ml only in isolated i nstances. This general pattern holds true for the 
frequency distribution of 502 emissions and background levels from all coal conversion scena-rios. 
The major differences are in the highest 502 concentration predicted for each scenario and gener
ating station. 

For foliar damage to occur, several conditions must be satisfied. Initially, ground-level concentra
tions of 502 (emissions plus background)  must attain a particu lar concentration capable of produ c
ing foliar damage. The plants must b� at their most sensitive stage of growth (e.g., germination, 
flowering, and rapid growth), and the ambient conditions (humidity, temperaure, and light) must 
also be optimal for adverse impact. The plants must be located where the maximum 502 concentra
tions oc':u r. Although it is possible for all coal conversion scenarios to produce sufficiently high SOl 
conce.-.trations to damage vegetation, the frequency and extent of this impact would be minimal.  I t  
is also evident from the predicted yearly maximum emissions (1 964-1968 meteorological data, 
Appendix H) that in some years no concentrations of 502 capable of producing foliar damage 
would occur (Table H .2, Scenario 2, 3-hour maximum for 1965). Because of these factors, it is not 
possible to prepare a meaningful comparison of scenarios with regard to the potential for foliar 
damage to vegetation. For comparative purposes, the ai r-quality tables (4.6 and 4.8) provide an i ndi
cation of the relative potential for such impact. 
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Figure 4.8. Relative Frequency of the 42 Highest 3-hour 502 Concentrations (not including background) 
Within a &-km Radius of Brandon Shores, Scenario 3, 1964 Meteorological Data 

Chronic effeds such as reduced growth, inhibition of photosynthesis, and impaired reprodu dion 
are not as probable as acute effeds. Mukammal (1976) reports a lower threshold of 130 pg/m] 502 
for exposures calculated on a seasonal or annual Qasis. 

Plants are more resistant to exposures of N02 than 502 (Table 4.39). Additionally, emission rates of 
N02 resulting from conversion are lower than for 502. U nless N02 acts synergistically with high lev
els of 502, N02 emissions would not diredly affect vegetation, either i n  a chronic or acute mode. 

Wildlife �nd Domestic Animals 

Present air-quality standards are based on the k nown potential for a i r  pollutants to affed human 
health. These standards are derived from laboratory experimentation, epidemiological studies, and 
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estimated margins for quantitative error. Incipient long-term effects (those that appear after pro
longed exposure) are detected in laboratory animals at concentrations of approximately 1 3,000 to 
25,000 g/m3 of S02 (Coffin and Stokinger 1977). Acute effects would require even higher concentra
tions. The h ighest estimated S02 ground-level concentrations are lower than the levels that have 
produced effects. This suggests that the predicted worst-case releases of S02 from coal combustion 
would not be high enough to affect animals. 

Particulate emissions from coal combustion contain varying concentrations of trace metals (Table 
4.14), depending upon combustion temperature, plant design, and coal type. Small particles that 
escape pollution control equipment tend to have higher concentrations of trace metals than do the 
larger particles that are retained (Natusch et al. 1974). The smaller particles represent a more serious 
respiratory hazard than the larger particles, since the primary route of particulate exposure to wild
life is by inhdlation. Secondary routes of exposure include ingestion of aerially contaminated 
foliage, ingestion of food contaminated by plant uptake from the soil, and food-dlain transfer 
routes. These secondary routes are of minor significance because plant-soil concentration ratios 
tend to be low, as are gastro-intestinal absorption efficiencies. These two factors reduce trophic
level transfer for most metals. 

t'redicted incremental increases of total suspended particulates (TSP) from conversion to coal 
(Tables 4.7 and 4.9) are small (2 percent to 15 percent) when compared to background TSP levels 
(Appendix H).  The chemical composition of coal combustion particulates may also differ greatly 
from the composition of the background constituents. These minor increases in TSP are not pro
jected to cause any acute effects in  wildl ife. Long-term effects of chronic exposure to TSP are not 
k nown. However, the l ife span of domestic animals and wildlife is shorter than man's and would 
result in  a short exposure time. The conservatism employed in the NAAQS should ensu re the health 
of animals. 

4.4.2 Impacts of Solid-Waste Oi5�1 

Qualitative d ifferences in the amounts of solid waste generated in the event that the subject units 
convert to coal wou ld involve the production of slag, bottom ash, fly ash, and possibly FGD sludge. 
Dredge spoils from the barge channel were disposed of at a site immediately north of the Brandon 
Shores generating station (Section 4.3.1 ) .  Tables 4.14 and 4.1 5  l ist concentration ranges of trace 
metals which may be found in the aforementioned waste materials. Dredge spoils may also contlin, 
i n  addition to trace metals (Table 4.35), quantities of pesticides, grease, oil. and halogenated 
hydrocarbons. 

The primary terrestrial impact due to fuel conversion is the loss of natural habitat by the establish
ment of waste disposal sites. Because an existing site for the d isposal of dredge spoils was available 
and was used, no additional loss of natural habitat occurred. 

Disposal of combustion wastes wil l  require a commitment of terrestrial habitat. The most economi
cal approach to the solid waste issue would be to develop one large landfill that could serve the 
BG&E plants that burn coal. A 282-acre site (Bishop and McKay property) has been identified and 
studied (DM 1980). This site is  located immediately west of the Brandon Shores site (Figure 4.4). 
Seventy percent of this site (about 200 acres) would be readily available for solid-waste disposal. 

The Bishop and McKay property could accommodate the solid wastes from Brandon Shores gener
ated under all scenarios except Scenario 4, if these wastes are deposited to a depth of 25 feet. BG&E 
plans to market 50 percent of the combustion ash produced by this generat ing  stations (Fuh rman 
1 981) . The successful marketing and use of ash would greatly reduce the demands at the Bishop and 
McKay property. If marketing activities are not successful, an additional site would have to be deve
loped within 7 to 10 years of conversion. 

4.54 



- . - -- . - --.- .->.---... --� .... --�---------.. - . .  ,---- .. . -

The Bishop and McKay properties do not possess any u nique natural features (OM 1980). The area is 
a composite principally of forest land interspersed with open lands covered with herbaceous plants 
(about 6 percent of the total land area) resulting from past or continued use by man. The property 
provides a suitable habitat for wild life that is not readily disturbed by the close proximity of industrial 
and u rban development. The property is part of a much larger undeveloped area which serves as an 
important tract of wildlife habitat in the southern Baltimore metropolitan region. Development of 
the Bishop and McKay property into a solid waste disposal site wouki require the clearing of for
ested lands. Only the resident species most tolerant of the intrusions by man would remain. Provided 
that the site is properly managed and sufficient soil cover is applied to the buried wastes, the prop
erty could be rehabil itated to support wildlife. A typical succession of meadow to shrub to forest 
would  occur over many years, after the site is closed. The successful return of wild life to the site 
would depend upon the extent of development in adjacent forested tracts in the Marley Neck area. 
BG&E's present plans are to develop these properties as an industrial park. In this case, the wildlife 
habitat wou ld be permanently lost. 

4.4.3 Threatened and Endangered Species 

The threatened and endangered species found within a five-mile rad ius of either of the generating 
stations include the bald eagle and the peregrine falcon.There is little potential for impad attribu
table to fuel conversions on these species. This potential is even more remote for the species found 
between the 5- and 50-mile radii. Concentrations of atmospheric pollutants (S02, N02) from fuel 
conversion are so diluted beyond five miles that it would be difficult, if not impossible, to identify 
how much of the existing concentration would be attributed to a specific generating station. 

4.5 AQUA TIC ECOLOGY 

Streams that could be affected by the fuel conversion of the BG&E generating stations include the 
Patapsco River, Saltpeter Creek. and Seneca Creek. 

4.5.1 Impacts of Handling and Storing Coal and Solid Waste 

Untreated coal-pile runoff is generally acidic and may contain elevated levels of trace metals, iron, 
sulfur, dissolved solids, and suspended solids. The more acidic runoff, which is a function of the sul
fur and carbonate content of the coal, generally contains high levels of trace metals (Table 4.28). 
Coal-pile runoff would be treated prior to discharge except when excessive precipitation results in 
flows exceeding the capacity of the treatment facility (i.e., the 24-hour, 1O-year storm). The poten
tial hazard of untreated effluent entering either the Patapsco River estuary or Sa/fpeter Creek is mit
igated by the additional di lution resulting from excessive precipitation. U n der normal rainfall 
conditions, treated effluent does not represent a hazard to the receiving waters. 

The potential hazards of trace-metal discharges to aquatic organisms include acute or chronic toxic
ity and bioaccumulation. Acute toxicity data and bioconcentration factors for selected metals are 
summarized in Table 4.40. Bioconcentration ratios represent the potential for a metal to accumulate 
in an organism u nder theoretical equilibrium conditions. The sorption mechanisms include inges
tion, physical adht!rence to the organism, or direct absorption from the water. The ratios are 
derived by dividing the concentrations of a given trace metal found in animal tissue by the concen
tration of the same metal in the water. The values in this table are based on worldwide averages of 
background water concentrations. Lower concentration ratios would result from water with levels 
of trace metals which exceed those fou nd in background water, depending upon the physico
chemical characteristics of the rec�iving waters and the absolute concentration of the metal in the 
water. 
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TABLE 4.40 Concentration Ratios and Acute Toxicity Ranges of Selected Metals to Aquatic Animals(a) 

Coal-Pile 

Acute Toxicity Effluent Concentration 

Freshwater Marine Range(b) LCse Treated(c) Untreated(d) 

Element Invertebrates Fish Invertebrates Fish « 96 hr) mg/l (mg/l) (mg/l) 

Arsenic 333 333 333 333 1-60 0.05 0.20 - 0.15 

Cadmium 2,000 200 250,000 3,000 0.11 - 8.4 NA(e) BoLIO 

Chromium 20 40 2,000 400 0.32 - 195 NA 0.006 

Copper 1 ,000 200 1,670 667 0.02 - 1.7 0.03 0.0 - 0.9 

Lead 100 300 1 ,000 300 0.3 - 23.8 NA BOL 

Mercury 100,000 1 ,000 33,300 1,670 5.0 NA 0.0021 

Nickel 100 100 250 100 0.51 - 33.5 0.05 0.30 - 2.60 

Selenium 107 107 1 ,000 4,000 2.9 - 40 NA NA 

Vanadium 3,000 10 50 10 NA NA 

Zinc 10,000 1 ,000 100,000 2,000 0.1 - 6.44 0.15 2.42 - 6.46 

(a) Adapted from Vaughan et al. 1975. Concentration ratios = concentration in organism divided by the 
Concentration in water. 

(b) Adopted from Ovorak et al. 1 978: LCse « 96 hours) = concentration in water that kil ls 50 percent of the 
test organisms in 96 hours. 

(c) Source--Table 4 . 3 3 .  
(d)Source--Table 4.32. 
(e) NA = not available. 
(f) BOL = Below detection limits. 

Discharge of u ntreated or treated coal-pile runoff wou ld result in no detectable change in water 
quality in either. the Patapsco River or Saltpeter Creek. Trace metals will ultimately precipitate or sorb 
to suspended particles and become i ncorporated into the sedi ments. The existing sediments in  the 
Patapsco River estuary are mod�rately contaminated with trace metals, and any i nputs to the sedi
ments from treated coal-pile runoff would be insignificant. 

Solid-W�ste Leachates 

Solid wastes resulting from coal conversion could include fly ash ,  bottom ash, coal-crushing wastes, 
wet-limestone FGD sludge, and dredge spoils. 

An active, diked, disposal area (Marley Neck Disposal Site) for dredge spoils has been identified 
north of the Brandon Shores site (Figure 4.4). Existing dikes at the site were raised to i ncrease the 
capacity of the site (Section 4.3.1 ) .  Swan Creek is located immediately to the southwest of the site. It 
and its associated marshes contain a diverse assemblage of freshwater aquatic organisms 
(USDT/MDT 1979). This area (about 65 acres) represents the largest remain ing wetland area along 
the southwest shore of the Patapsco River. Runoff from the dredge-spoi l  pile will be contained by a 
d ike system that isolates the site from Swan Creek. Runoff would be collected i n  a sed imentation 
basin and treated, if necessary, before d ischarge through a spillway to the Patapsco River. The 
runoff is  expected to be of similar �uality to Patapsco River water (Section 4.3.1 ) . Leachates which 
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enter the ground water are expected to move toward the Patapsco River. Because of the somewhat 
unique nature of the Swan Creek wetlands, potential ground-water seepage i nto Swan Creek from 
the disposal site should be periodically monitored to insure that contamination does not occur. 

The Bishop and McKay disposal site principally d rains into Cox Creek. Runoff in the southern por� 
tion of the property drains into Nabbs Creek. Cox Creek and Nabbs Creeks contain healthy popul,,
tions of fish; species such as kil l ifish, m u mmichog, alewife and blueback herring probably spawn in 
the area. Benthic organisms in these creeks are believed to be affected by moderate levels of con
taminants in the sediments. The surface-water quality of Cox and "labbs Creek, which are estuarine 
fingers of the Patapsco River estuary, are influenced by the generally poor water q�ity of the 
lower reaches of the Patapsco River estuary. The soils at the site are generally prone to erosion (OM 
1980). Runoff from coal-combustion wastes may contain elevated levels of suspended solids; how
ever, dissolution of trace metals in runoff is expected to be insignificant and is further reduced by 
state-of-the-art design and engineering for disposal sites. Water percolating through the waste ash 
cou ld dissolve higher levels of trace metals. Maximum elemental concentrations of a>al
combustion-waste leachates can be compared to measured levels of elements in Cox and N abbs 
Creeks (Table 4.41 ) .  

These estimates do not take account of the retardation properties of soil. The uptake of metals by 
the soil  shou ld significantly reduce the potential for ground-water contamination by trace metals. 
The potential for ground-water contamir.ation decreases greatly after the most available trace 
metals (i.e., surface-bound) have been !eached from the waste material. Ecological impact to the 
creeks adjacent to the proposed disp.)sal site could be minimal provided that the sites are properly 
managed. 

TABLE 4.41. A Comparison of Trace-Metal Contaminants in Solid-Waste leachates and Environ-
mental levels Found in  Cox and Nabbs Creeks 

Solid Waste(a) Sediments (mgikg) (b) WateY" (mgl\)(c) 

Leachates Cox Creek Nabbs Creek Cox Creek Nabbs Creek 

Arsenic 0.002 - 0.30 4.42 2.11 - 10.75(d) 0.00.026 0.00026 

Barium 0.002 - 3.0 < 88.9 < 88.9 < 0.37 0.41 

Cadmium 0.0005 - 0.085 < 5.49 < 5.49 0.05 < 0.05 

Chromium 0.001 - 0.25 25.22 23.06 - 56.27(d) 0.08 < 0.08 

Copper 0.002 - 0.56 64.24 39.59 - 129.21 (d) 0.05 0.04 

Lead 0.003 - 0.20 83.1 51.11 - 146.11(d) 0.15 0.26 

Mercury 0.0002 - 0.07 0.74 0.059 - 0.179(d) < 0.0004 0.00054 

Selenium 0.0005 - 0.54 < 0.91 0.91 < 0.0006 < 0.0006 

Silver N!,(e) < 1.74 1.74 < 0.0001 0.00038 

Zinc 0.01 - 4.20 336.2 275.2 - 636.1 (d) 0.04 0.60 

(a) Range in fly ash ponds, bottom ash ponds, or untreated sludge leachate; Hart and DeLany 1978. 
(b) OM 1980. , 
(c) Highest reported value from several su rface a nd bottom samples. 
(d) Range of two values. 
(e) Not available. 
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4.5.2 Impacts of Cooling Systems 

The impacts of thermal power plant cool ing systems are caused by the d ischarge of heat to surface 
waters and by the loss of aquatic organisms through impingement on the cool ing-water i ntake 
screens and entrainment in the condenser cooling water. 

Thermal Discharges 

Currently, the Crane units use a once-through cooling system, which results in maximum discharge temperatures of 14.0°F 
(78°C) above ambient temperatures. II slight increase in the Ihermal increments of the cooling-water effluents may occur at 

Crane. Plant capacity factors may increase to 66 percent at Brandon Shores and 63 percent at Crane after 
coal conversion. This increase in operation of the generati ng station resu lts from the converted 
u nits assuming more of a baseload rather than a peaking mode of power generation. I ncreases in  
duration of thermal discharges can be expected, but they may not change greatly d uring the late 
su;.)mer months when station capacity factors aTe similar to preconversion capacity factors and 
when peak electrical demand coincides with high ambient-water temperatures. This time period 
has the potential for maximum impact on aquatic systems. The elevation of temperatures to levels 
that are lethal to aquatic organisms in the discharge plume is of primary concern. Secondary 
impacts may include temporal and spacial changes in  populations of aquatic organisms resu lt ing 
from non-lethal shifts in  plume temperatures. Species that prefer warmer temperatures would tend 
to remain in the thermal plume and could undergo cold shock if the generating station abruptly 
shuts down during colder months. 

Brandon Shores wil l  use discharge welter from the nearby Wagner Generating Station for cooling
tower makeup. When returned tf) the Wagner discharge canal, this cooling water is projected to be 
cooler than when it was removf.d because of the expected efficiency of the Brandon Shores cooling 
towers. 

Temperature increases would most likely affect the populations of aquatic organisms by causing 
minor temporal and spatial sh ifts in resident populations. Hirshfield (1981) reported a possi ble 
thermal preference by certain resident f infish in an i nterim report to BG&E; however, his results are 
tentative. 

The Crane generating station removes cooling water from Seneca C'��k and discharges it to Saltpeter Creek. Thermal 

impaCls associated with oil-fired operation at Crane Me limited to the immediate discharge area (Sellner et al. 1980; Grant 

and Berkowitz 1979). In the late summer, temperatures in 'his area may exceed 100°F (J80C). which is acutely detrimental to 

endemic flora and fauna. lis the thermal plume dissipates and lemperatures drop, conditions become favorable for 

enhanced productivity of phytoplankton and shifts in the quanfitative distribution of zooplankton. The thermal plume at 

Crane has been reported to have minor effects on submerged aqualic vegetation (Nichols et al. 1980). These effects 

are evident outside of the immediate discharge area and may extend into the Gunpowder R;"er. 

Impingement and Entrainment 

Impingement is the physical process whereby aquatic organisms are drawn against the intake 
screens by the force of the cooling water flowing through the intake screens. Impingement may 
resu lt i n  mortality or injury depending u pon the intake velocity and the organisms' tolerance to 
stress. low velocities and constant screen washing may reduce mortalities and injury significantly. 
Organisms small enough to pass through the screens may be exposed to thermal, mechanical (e.g., 
pumps) and chemical (e.g., ch lorination )  stresses prior to being discharged in the effluent. 
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Small, diseased, or i njured organisms are generally too weak to avoid entrainment. Impacts are sea
sonal depending on the species' life h istories a nd relative abundance. The Patapsco River and 5enec� 

and Saltpeter Creeks are nursery areas for resident fish, and the ichthyoplankton (fish eggs and larvae) 
from these waters may be subjected to impingement or entrainment in the generating-station 
cooling-water systems. 

The Patapsco River is not a major spawning ground for finfish (Section 3.5.2), but the river does 
serve as a nursery area for a number of fish species, as indicated by impingement a nd entrainment 
studies (EA 1 98Oc; lM&SE 1 979). It is not possible to estimate an "acceptable" level of impingement 
and entrainment, because current estimates of existing fish populations in the Patapsco River are 
not available. 

Cooling water for Brandon Shores will be removed from the Wagner discharge canal. Fish entering 
the discharge canal may be subjected to entrainment at the Brandon Shores cool ing-water intake. It 
is not possible to predict additional losses due to entrainment. (The Brandon Shores intake will not 
use traveling screens.) When cooling water demands at Brandon Shores exceed t he discharge rate 
from Wagner, the flow in the discharge canal could entrain aquatic organisms directly from the 
Patapsco River. 

The minimum rate at which the pumps would operate at Brandon Shores is 6,300 gpm; the pre
dicted demands of makeup water during normal station operation ranges from 1 3,365 to 14,792 gpm 
(lH U  1972a).  From December 1 978 to July 1979, average cooling water demand at Wagner ranged 
fom 31 3,440 to 674,11 2  gpm (lM&ES 1 979). The only time that discharge$ from Wagner would be less 
than the demands of Brandon Shores are when the Wagner units are completely shut down or 
retired. In either event, the flow requirements of Brandon Shores are so small i n  comparison to 
those of Wagner that a net decrease in entrainment and in impingement would be expected when 
both plants are considered together. 

The water-intake structures at the Crane generating station are equipped with 3/B-in. mesh traveling screens. Intake veloci

ties across the screens are not projected to increase upon conversion, but post-conversion capacity factors for these units are 

expected to increase. 

The projected increase in capacity factor for Crane after conversion ;s 63 percent. Present capacity factors are 61 percent and 

.58 percent for Units 1 and 1, respectively. Consequently, lillIe if any change in impingement or enlrair-ment losses are pro

jected at the Crane Generating Station. 

4.5.3 ImlNcts of Dredging and Dredge Spoils 

Dredging was required to construct a new channel at Brandon Shores. The ecological effects from 
dredging include: 1} physical disruption of exist ing aquatic habitat during channel construction 
and/or maintenance dredging; 2) resuspension and/or solu bil ization of toxic contaminants during 
channel construction and/or maintenance; and 3) land-use and associated habitat loss from spoils 
disposal (Section 4.2) . 

Physical Disruption of Aquatic Habitat 

Clamshell dredging techniques were used at the barge channel (Section 4.3.1). Concentrations of 
suspended solids would have been highest at the dredging site and would have decreased down-
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stream rapidly, due to the di lution and settl ing of the heaviest particles. Populations of benthic 
organisms within the bou ndaries of the channel and in the immediate vicinity of the d redging 
operation would have been removed with the spoils or smothered by heavy resedimentation of 
suspended sediments. Suspended solids i n  the water column may exert a direct physical impact on 
free-swimming organisms. The sediment plume that results from clamshell dredging is predicted to 
form a 250 mg/I (including background level) isopleth of total suspended solids (TSS) extending up 
to 240 meters downstream of the dredging operation (EA 1980a). 

Generally, suspended solids concentrations resulting from dredging operations range from less than 
100 mg/I to a maximum of 500 mg/I outside of the immediate area of d isturbance (Peddicord 1980). 
For the purposes of this analysis, a TSS concentration of 500 mg/I will be assumed to exist in a 
plume covering 10 percent of the cross-sectional area of the Patapsco River, extending 240 meters 
downstream of the dredging site. The duration of the dredging operation is taken to be 9 months, 
with actual dredging occurring 10 hou rs/day, 5 days/week. These conditions establish an estimated 
worst-case condition of exposure to TSS by aquatic organisms in the water column. 

Generally, aquatic organisms exhibit a remarkable tolerance to h igh concentrations of suspended 
solids. Benthic organisms which normally encounter varying levels of suspended sediments are the 
most tolerant. F ree-swimming species such as open water fish appear to be the most sensitive to 
elevated levels of suspended solids. 

· . 1  a recent review of d redging impacts on the upper Chesapeake Bay, Schubel and Williams (19n) 
conclude from a number of research projects that high concentrations of suspended sediments in 
the water column associated with overboard spoil disposal or dredging do not represent a demon
strable threat to the upper Chesapeake Bay. They cite several studies that suggest an overall lack of 
effects on fish eggs and larvae, gills of fish held in pens in open-water d isposal areas, phytoplank
ton, zooplankton, and dissolved oxygen depletion in the plume. 

laboratory studies support Schubel and Williams' (1977) field observations. Concentrations of kao
! in(a) that produce 10 percent mortality in more-than-200-hour exposures for a selected group of 
marine invertebrates ranged from 9,000 to 26,000 mgll TSS (McF arland and Peddicord 1980). The 
most sensitive species tested was the shiner perch (Cymatogaster aggregata), which exh ibited a 100-
hour, 10 percent mortality rate at 1000 mg/1. Schubel and Williams conclude that benthic species 
which normally encounter high turbidity are the most resistant to elevated concentrations of sus
pended solids. 

Benthic (bottom-dwelling) organisms would be subject to the greatest impact as their habitat within 
the boundaries of the channel are completely destroyed d uring initial channel construction and/or 
maintenance d redging. The area adjacent to the channel may receive increased burdens of sedi
ments from the dredge bucket dislodging and resuspending sediments which would move laterally 
away from the channel. The adjacent areas affected by this disturbance would be small and the 
extent that invading sediments would smother the adjacent habitat is  minimal. Recolonization esti
mates of habitats impacted in this manner range from 3 months (Peddicord 1980) to 18 months 
(Schubel and Williams 1 9m. 

Benthic populations in the lower Patapsco River have been characterized as "severly i mpacted" by 
h igh levels of urban and industrial contamination found in the sediments. Channel dredging within 
this area may remove the more contaminated surface sediments and expose relatively u ncontami
nated substrata for future colonization. This possible beneficial impact m ay be negated by mainte
nance dredging or the gradual refi l l ing of the channel by suspended contaminated sediments from 
adjacent areas. 

(a) A clay with a median particle size of 4.5 pm. 
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Free-swimming organisms within the water column would be exposed to 10-hour daily pulses of 
suspended solids (500 mg/l) under the worst-case conditions. Concentrations of suspended solids 
would return to background levels within a few hours after dredging ceases (Schubel a nd Williams 
1977; Peddicord 1 980). Fish species may leave the plume area temporarily. It is unl ikely that there 
would be significant decreases in pH or d issolved oxygen resulting from these dredging activit ies. 
When d redge spoils were d isposed of in the Patapsco River, the sediment plume d issipated q uickly 
(within 2 hours), and there was only a m inor reduction in dissolved oxygen (about 1 ppm) and pH 
(Schubel and Williams 1977) . The amount of resuspended solids resulting from clamshell dredging is 
much less than wou ld be expected from open-water dredge-spoil disposal. 

Consequently, it is very unl ikely that any long-term impacts will result from the dredging operations 
to make coal delivery possible at Brandon Shores. Benthic populations would be the most severely 
affected, but the long-term ecological impacts would be insign ificant. The laboratory-derived d ose  
responses o f  aquatic organisms t o  suspended solids indicate that free-swimming species would 
suffer few adverse impacts. 

Resuspension and/or Resolubilization of Toxic Contaminants in Patapsco RiYer Sediments 

laboratory studies readily demonstrate that aquatic organisms are more severely affected by con
tinuous exposure to contaminated suspended sediments than to noncontaminated suspended sed
iments. Patapsco River sediments have been contaminated by years of urban- and industrial-waste 
discharges from the !!�ltimore area. A gradient of pollution is evident in the sediments in Baltimore 
Harbor where the pollution is the h ighest, all the way to the mouth of the Patapsco River where the 
po!!ution is the lowest. Sediments sampled from areas next to the Brandon Shores site contain 
moderate to high levels of contamination (Table 4.42). Toxicity tests employing cOlltinuous expo
sure of resuspended sediments from this area indicate that the sediments at Brandon Shores are less 
toxic than the sediments collected at Bear Creek, which is located near BG&E's Riverside Station 
(across the Patapsco River from Bradon Shores; Table 4.43, Tsai et al. 1979). Relative to control 

TABLE 4.42. Concentrations of Contaminants in Sediments from the Patapsco River and 
San Franciso Bay 

Baltimore Harbor Sediments(a) 

Bear Stations (C) ChanneHd) Site 
Parameter Creeklt.) 7 a n d  8 Surface Sediments 

-- --

Arsenic 71 29 - 44 
Cadmium 45 2 0.9 - 1 .1  

Copper 580 140 - 200 40 - 95 

Chromium 4,300 490 61 - 143 

Lead 5,500 1 20 - 310 38 - 106 

Mercury 1 .15  0.32 - 0.47 0.1 2 - 0.43 

Nickel 93.0 60 - 82 

Zinc 5,500 470 - 1 ,080 49 - 1 58 

Total PCBs 2.10 0.05 - 0.16 

Total DDT 

(a) Source: Tsai et a! .  1979. 
(b) Most-toxic sediments tested by Tsai et al .  1979. 

San Franciso 
Bay Sediments(e) 

1 28 ± 33.6 

2.3 ± 0.74 

1 58 ± 73.6 

1 .47 ± 0.93 

1 04 ± 18.5 

381 ± 301 

1 .30 

0.750 

(c) Sam ple sites closest to the proposed barge channel; Stony Point (8) and Hawkins Poi nt  (7). 
(d) Sou rce : Ecological Analysts 1 980b. 
(e) Sou rce : Peddicord 1980. 
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TABLE 4.43 Comparison of the Toxic Effects of Resuspended Uncontaminated and Contaminated 
Sediments on Selected Aquatic Organisms 

Species 

Mummichog 
(Fundulus heteroclitus) 

Spot 
(Leiostomus xanrhurus) 

Soft-Shell Clam 
(Mya arenaria) 

Coast mussels 
(Mytilus ca!ifornianus) 

Tunicates 
(Ascidia ceratades) 

Dungeness Crabs 
(Cancer magister) 

Bear 
Creek(a) 

48-hour lCso 

0.58 g/liter 

0.60 

Baltimore Harbor Sediments 

Range (Station 7 and 8)(b) ControJ(c) 

48-hour lCso 

20.6 - 66.8 glliter 

18.0 - 29.1 glliter 

111 .1  g/liter 

96-hour lCso 

_(d) 103.3 g/liter 
48-hour lCso 

50.6 g/liter 
48-hour lCso 

96.9 g/liter 1 37.2 g/liter 
96-hour lCso 

San Franciso Bay 
Contaminated Sediments(e) ControHI) 

240-hour lCso 480-hour lCso 

6 g/liter 100 g/liter 
264-hour lCso 

20 glliter 13 g/liter 38 g/liter 
100-hour lCIO 

20 g/liter 14 g/liter 32 g/liter 
200-hour lCIO 

(a) Source 01 most toxic sediment tested Irom Tsai et al. 1979. 
(b) Patapsco River in areas adjacent to the proposed Brandon Shores channel (Tsai et al. 1979). 
(c) Fuller's earth (Tsai et al. 1979). 
(d) - = No value given. 
(e) Peddicord 1980. 
(I) Kaolin (McFarland and Peddicord 1980). 

values (i.e., values obtained during continuous exposure to noncontaminated F ul ler 's earth), sedi
ments from the Brandon Shores area were evaluated as having low toxicity. Further analysis of these 
data failed to identify a single toxic contaminant in the sediments that could individual ly be related 
to (correlated with) the toxicities of the different sediments tested from the Patapsco River. 

Peddicord (1980) made similar observations  on tests of suspended contaminated sediments from 
San F rancisco Bay. Contaminants in these sediments appear comparable to the Baltimore Harbor 
sed iments (Table 4.42). However, different species were tested and chronic exposures (greater than 
96 hour) were used in the Peddicord (1980) study. Kaolin, a commercial clay, was used as a control 
sediment in these stud ies. Uptake of contaminants in the tissue of three marine invertebrates 
exposed to contaminated sediments rarely exceeded a factor of two over control ( i.e. ,  kaolin
exposed) organisms. PCBs, DDT, and most trace metals fell into th is category. Iron, manganese, and 
n ickel were the only metals that accumulated to higher levels. N ickel, the most toxic of the three, 
accumulated to levels 52 times higher than control organisms for a species of sand shrimp, Crangon 
nigromacu/ata (tissue concentrations were 0.52 pglg wet, a tissue concentration which is considered 
to be nontoxic) . The low degree of bioaccumulation of contaminants from the su bject sediments 
suggests that the toxic contaminants that were assayed in the study were not contributing in an 
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independent manner to the toxicity attributed to the sediments overall. Generally, these contami
nants are bound to the sediment particles, making them biologically unavailable. The higher toxic
ity of contaminated sediments may be attributed to a synergistic (or additive) relationship among 
contamina nts or to a d irect response to a contaminant that was not assayed in these two studies. 

Concentratiun� of contarninated sediments that produced low toxic effects in laboratory studies 
(Table 4.43) are greater :han the concentrations of suspended solids from Brandon Shores dredging 
operations (500 mg/I) by one to two orders of magn itude. Based on a dredging operation of n ine 
months, and recurrent exposures to contaminated sedirr,ent (about 10 hours/day) ,  some adverse 
effects on resident species may resu lt. These i mpacts would have been minor and would have per
sisted only as long as the dredging operation was u nderway. 

4.5.4 Threatened and Endangered Species 

No threatened or endangered aquatic species are found within a five-mile radius of Brandon Shores 
or Crane. The Maryland darter, the big turtle, the eastern tiger salamander, and the eastern narrow
mouth toad inhabit freshwater lakes and streams located within a 50-mile radius of both gen�rating 
stations. 

4.6 NOISE IMPACTS 

The noise impacts associated with fuel conversion are evaluated here with respect to effects of 
noise on h uman populations and wildl ife within the immediate vicinity of the generating stations. 
Construction and operational noise impacts for Brandon Shores are discussed. The noist! impKls al 
Crane are based on the increased noise level over baseline (i.e . .  oil.fired) operations and associated construction Krivilies. 

The measurement and expression of noise are discussed in Appendix I .  

4.6. 1 Effects of Noise 

High-level noise (greater than 100 dBA) is capable of directly damaging the inner ear in animals and 
man. Responses to noise depend upon individual  susceptibil ity, duration of exposure, type a nd 
intensity of noise. 

Impacts on Plant Workers 

Plant employees may be exposed to either acute or chronic levels of noise that may necessitate the 
use of ear protection devices. levels in excess of 70 dBA can cause shifts in the hearing threshold. 
The Occupational Safety and Health Administration (OSHA) requires ear protection for employees 
exposed to 90 dBA or more during an 8-hour work period. Employees are encou raged or requ ired 
(depending upon existing noise levels) to wear protective devices. Consequently, the plant working 
force is not identified as an affected segment of the population. 

Community Response 

Members of a community might complain about noise levels even though the noise levels meet 
State regulations. At some times the magnitude of the noise relative to the average ambient noise 
level might seem excessive. Areas of high ambient noise (i.e., near highways or i ndustrial zones) 
may be less subject to complaints. Additional problems arise from the incidence of audible pure 
tones, fluctuations in sound level (5 dB or more), and extended duration of a noise (i.e., noise of a 
short duration may be more acceptable than noise of a chron ic nature at a lower sound level ) .  The 
t ime of year and time of day are other important factors. 
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The Maryland Department of Health and Mental Hygiene has jurisdiction over and is responsible 
for the enforcement of noise regulations. Existing State regulations for maximum al lowable noise 
levels are based upon land use categories (Table 3.20). These maximum limits ar(' oromulgated to 
ensure that Environmental Noise Standards (ENS) are not exceeded. The ENS for industrial zones are 
expressed as the "equivalent sound level (leg 24)," a n  integrated average level of constant sound 
that represents the actual time-varying  sound observed during a specified time period. The day
night average sound level (ld n) is used for commercial and residential zones. It incorporates a 
10 decibel penalty into the 24-hour average for sou nd generated during a 9-hour n ighttime period. 

Special provisions are made for const ruction sites. Noise levels must not exceed 90 dBA dur ing day
time hours or the zones' nighttime maximum (Table 3.20) . Prominent discrete tones or periodic 
noises must not exceed a level which is 5 dBA less than the applicable standard. Railroads are 
exempt from these regulations. 

Impads on Wildlife 

The major effects of noise on wildlife a re behavioral in nature. Noise may interfere with breeding 
patterns (territoriality) ,  recognition of young, feeding, and predator-prey relations by masking audi
tory communications. Song birds are perhaps the most sensitive to these effects. Modification of 
the spatial distribution and composition of terrestrial  biomes by noise has not been rigorously stu
died. Noise effects may exacerbate a broader spectrum of ecological effects related to the construc
tion and operation of power plants. 

4.6.2 Conversion Impacts 

Conversion to coal would result in two distinct sources of noise. One of these is construction and 
the other is the operation of the generating stations. Major noise producing activities would 
include the expansion of existing coal piles or instal lation of new coal piles, addition of water 
treatment facilit ies for coal-pile runoff, installation of coal- and solid waste-handling equipment, 
and retrofitting of boilers to burn coal. The extent a nd duration of construction-related sou rces of 
noise are different for each generating station. Noise levels resulting from construction activities 
may range up to 101 d BA (Appendix I ). Special provisions apply to noise levels associated with con 
struction activities. During daytime hours (7:00 a.m. to 10:00 p.m.), noise levels must not exceed 90 
dBA. Huwever, noise levels below this standard may still result in complaints. 

Once a generating station has been converted to a coal-firing mode, the operational sources of 
noise which did not exist u nder oil-fired operation become a major concern. Coal-handl ing 
equipment, such as  railroad car  unloaders, stacker-reclaimers, coal crushers and transfer towers, 
produce the highest noise levels (Table 4.44). Inter mittent sources, such as the pu blic address sys
tem and the backup warning signals on coal-moving equipment, may be particu larly offensive 
because of their need to be audible over existing sound levels. 

Argonne National Laboratory (ANL) has developed a computer code (or modeling and predicting noise emissions (rom 

powerplants (Dunn e/ al. 1 981). The model is oosed on Ihe Edison fleet ric Institute's (EEl 1978) fleet ric Power Plant Environ

ment Noise Guide. At its present stage o( development. the model does not include barrier and terrain e(iects; conse

quently, predictions made with this model should be viewed as tentative and conservative (i.e., an overestimate o( actual 

sound levels that may result (rom coal conversions). The computer program was used (or the noise analyses o( the Crane 

generating station. Noise emiss ions from Brandon Shores have been estimated previously (Cwiklewski 
1980). 
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TABLE 4.44. Potential Sources of Noise Resulting From Conversion to Coal-Based 
Fuel Scenarios(a) 

Coal-Car Shaker 

Coal Crusher 

Source 

Conveyors and Transfer Towers 

Coal Yard Mobile Equipment 

Stacker-Reclaimer 

Pulverizers 

Electrostatic Precipitators 

Rapper 

Vibrator 

Trucking of Solid Waste 

(a) Derived from Edison Electric I nstitute (EEl  1978). 

132 

118  

116  

dBA 

107 - 119(b) 

106 

105 - 107(C) 

1 1 1  

114  

91 

Temporal Characteristic 

Intermittent 

Intermittent 

Intermittent 

Intermittent 

I ntermittent 

Continuous 

Periodic 

Periodic 

Periodic 

(b) Dependent upon rated engine power; does net include backup warning signal. 
(c) Range of 13-55 MT Ihour. 

Crane 

Unil 1 has been converled 10 a coal-firing mode and has undergone lest firings on coal. The coal-handling equiprr.",,,; J,.lS 

been renovaled or inslalled; consequently, Ihe remaining conslruction aClivily relevant 10 noise propagalion is Ihe relrofil

ling of Ihe Unil 2 boiler. Because of Ihe relalively long dislances from Ihe generaling stalion 10 Ihe dosesl residences (1600 

feel or more), il is unlikely ,hal any conslruclion-relaled aClivities would resull in noise levels lhal exceed Slale guidelines. 

Operalional noise imp .. cls were eSlim
,
aled wilh Ihe ANL compuler model (Dunn el al. 1981). The acouslical cenler of Ihe 

planl was delermined according 10 EEl (1978) mel hods and il serves as Ihe cenler for a Cartesian coordinale grid syslem. The 

localions of all major sources of noise and princi;Jle receplors were localed on Ihis grid system (Figure 4.9) from ,m aerial 

pholograph of Ihe sile (Ballimore County WeI lands Pholo No. BAI-;5?L). Two genera ling SIal ion boundaries were modeled 

as receplor poinls. Background noise levels (i.e., oil-fired mode of operaliom) al Ihe receplor >ile, w,:<e eSlimaled by mew
ing Ihe acouslical cenler of Ihe planl 10 Ihe boiler area and a»umillg a 6 clBA (i.e., 75 percent sound energy level) rrouction 

in noise emissions due to enclosure of Ihe principle oil-fired noise source>. This e,limale of ambienr (oil-fired) noise I<,vel i, 

appropriale because Ihe Crane Generating SIal ion is Ihe major >ourc<, of noise in Ihe area. Noi>e en;;»iom fmm coil-fired 

operalions were added 10 Ihe,e background lev<'/s to delermine the prediCled no;;1' levels al Ihal r .. ceplor poinl. All source> 

and receplors were assumed 10 be al 1 ml'ler in elevalion. Mell'orological condilion, assumed 70 perce·", relJtive humidity, 

59°F (15°C), and no wind. 

Two modes of opl'ratiom were considered. A maximum-impacl mode (cie,ignated daYlime mod<,) was modelC'd assuming 
continuous operalion of I'very piece of coal-f.andling I'quipmenl for 1 hour. A >econd mod", repr<'><'nling nighllinl(' OPNd
lion, excludes sources of .1Oi .... requiroo for cOilf deli,'ery (i.e. , coakar shaker and bulldozer). The .... c:ond mode of opera lion 

assumes Ihat delivery of COilI would cause sufficiently high emi>siom of no;,e 10 violale Slale nighrrime >Iandards (50 clBA). 

These prediclions are summarized in Table 4.45. rile modl'ling e((orl doe, nOI includt' inl('fmil/en- ,ource, of noise ,uch a> 

SOOI blowers, public address system>. backup-warning device> on coal-yard equipmenl and vl'nlillg of ,Ic'am. 

This modeling exercise suggesls Ihal lhe 50 dBA nighllim(' 'Iandard may be vio/al('d al th<, three dOH'" re>icl,'nce> usecl in 

'he analysis. Additionally, noise emission> al all residential receplOrs m,IY ,'xreed Ihp daYlime " dndard of 60 dBA. Pn�/kl,'(1 

noise levels �l lhe genera ling slalion boundary are als.) in polential viola lion of SlalP guid{'lin{',. 
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figure 4.9. location of Noise Sources Associated with Conversion to Coal and Receptor locations Used in Noise Predictions 
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TABLE 4.45. Predided Noise Levels (dBA) Associated with Coal-Fired Operiltion of rhe Crilne Generilr;ng Srilrion 

Daytime Mode 

Contribution 
Due to 

Recepto,(a) knbient{b) Coal Firing 

Residence A 43 66 
Residence B 41 65 

Residence C 46 64 

Boundary A 49 73 
Boundary B 52 n 

(a) See Figure 4. 9 for locations. 
(b) Predicted noise level on oil-base operation. 
(c) Contribution plus ambient. 

Nighrrime Mode 

Contribution 
Due 10 

Totallc) Coal Fir;ng TotilI(c) 

66 52 · 53 

65 53 53 

65 50 51 

73 61 61 

73 56 58 

These predictions are tentative. The noise spectrum (standard octave band frequencies) of coal-handling equipment is gen

erally charaderized by high noise levels in the lower frequencies. All residences are separated by the generating station by 

varying areas of woods and fields. This type of terrain (Appendix I) would account for a significant reduction in environ

mental sound levels al the residential and boundary receptors. Additionally. the coal-handling sources were modeled as if 

they were operating in an unenclosed fashion. Noise levels produced by these sources at the Crane generating station may 

be lower than the Ipvel, used in the model. particularly if they are enclo;ed or in,u/ated. A field survey would be needed /0 
determine if coal firing at the generating station would result in violations of State noise standard,. 

There may be a high potential for complaint, due to intrusive noise because of the rural q uality of the i/rea. Additionally. 

adjacent wetlands and the wildlife sanctuary on Carroll Island may haroor many species of birds which exhibit terri/orial 

breeding behavior. It is not possible to predict what the impact, associated with intrusive noise would be on these communi

ties. Becau.le the effect, of noise are limited to area, relatively close to the source. research on the potenti.!1 responses of 

wildlife to intrusive noise has not been conducted. 

Brandon Shores 

Because their station boundaries are contiguous, Brandon Shores and Wagner were considered as 
one source of noise for analytical pu rposes. Noise levels resulting from the coal-fired operation of 
Brandon Shores were estimated by Lewis S. Goodfriend & Associates, a n  acoustical engineering 
firm. Sound-level spectra for each major source of noise were derived from either the manufadur
ers' specifications or the literature such as the EEl (1978) manual and relevant acoustical journals. 
Contributions from each noise sou rce were estimated at seleded receptors and added to determine 
the pred ided environmental noise levels that would result from operation on coal of the Brandon 
Shores generating station. Goodfriend and Associates also measured noise levels at the Wagner 
generating station with Units 3 and 4 in operation. Predicted noise levels are below both State day
time and nighttime standards. 

The Goodfriend analysis (as referred to in Cwik lewski 1980) , however, did not incorporate 
intermittent-noise sources in its predictions. Sources such as steam vent ing, soot blowers, backup
warning devices on coal-moving equipment, and public address systems generally exceed the 
ambient level of plant noiSe and may be annoying to nearby communities, particu larly at night. 
The communities in proximity to the Brandon Shores site may be somewhat conditioned to 
intermitter.t-noise intrusions from the ongoing con�:ruction of Brandon Shores and from existing 
operations (including coal hand ling) at Wagn er. 
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Construction noise most likely would exceed operational noise levels at Brandon Shores. Presel"t 
scheduling calls for Unit 2 completion by 1988; hence, the natural environs within the plant boun
daries and nearby communities could be subjected to sporadic episodes of noise as high as 90 dBA 
for some time. These levels may be disruptive to resident wild life in the forests surrounding Bran
don Shores and in nearby wetlands and rivershore areas. 

4.7 SOCIOECONOMIC IMPACTS 

The severity of any impacts that may occur due to the conversion  of one or more of the fou r  units 
at Brandon Shores and Crane depends upon the degree of new construction required, the availability 
of a local work force, the project schedule, and the ability of the surrounding region to provide a 
necessary service. Converting these units would create less socioeconomic impact than if new facili
ties were constructed, because the time and capital and labOi costs of converting a unit are much 
less than those associated with building a new u nit. I n  the case of the Brandon Shores station, the 
units are currently u nder construction and the impact of converting and operating the u nits on an 
alternate fuel would represent a small incremental change. 

4.7.1 Employment 

Any labor and economic activity associated with the unit u nder consideration would be h ighly 
interrelated with the rest of the Baltimore-Washington area, which currently has a reserve of skilled 
labor (Section 3.8.2). Any additional labor requirements due to conversion may therefore be 
expected to be met in large part by this labor pool, although some specialists may have to be 
brought in from other areas. 

Conversion 

The additional labor needed to convert the four  units at Brandon Shores and Crane is expected to be 
larger than that needed to operate the converted facilities. Assuming a worst-case situation of all  
un its being converted at once, and the need for a labor force during conversion of 30 to 60 workers 
per generating station about 60 to 120 additional jobs would be created over the two and one-half 
to three-year duration of conversion operations. This is less than one-half of one percent of the total 
available construction labor force in the Baltimore Metropolitan area (Section 3.8.2). The maximum 
nu mber of workers probably would not be employed during the entire construction period; their 
nu mbers woul� fluctuate as the need for different skills arose. Given the current and projected 
availability of housing and services in the area (Section 3.8.2), these additional workers could be 
accommodated with no significant impact. It is conceivable that local commercial establishments may 
experience a short-term increase in patronage from these workers. 

Operation 

The number of peor,� working al lhe Crane generaling slalion averages abouI 61 (DOE/EII\ 1978). The number of peo
ple that would be employed at the Brandon Shores station is not known with certainty, but can be 
estimated by comparisons with other generating stations with operating characteristics similar to 
those anticipated at Brandon Shores. A similar station is Commonwealth Edison's 1064-Mw, 2-un it 
Collins station, which went into service in 19n using oil. The average number of employees at that 
station was 142 in 19n (DOE/EIA 1978). The number of people that would be employed at Brandon 
Shores can therefore be estimated to be 130 to 150 if the units burn oil. 

Additions to the work force due to the operation of Brandon Shores and Crane on an alternate fuel 
would be negligible compared to the total work force in  the area. Additional employees would be 
needed for operation of emission-control equipment, handling of solid waste for offsite disposal, 
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and boiler maintainence. It has been estimated that conversion of a station to coal would add 
between 1 0  and 30 persons to the work force. If an FGD system were added to the system, approx
i mately 25 additional people would be required. If R Df were burned, more people would  be added 
for fuel handling; this analysis is based on the use of five additional people. These estimates agree 
with a comparison that may be made between similarly sized oil and coal-fired generating stations; 
Associated Electric Cooperative's two-unit, 1 300-Mw New Madrid, Mo. station requires about 183 
people when using coal without FGD, or about 40 more than the Collins oi l-fired station (DOE/EIA 
1978). Taking into account the fact that one New Madrid unit is older and requ ires about 50 more 
personnel than the other, similar-size New Madrid unit, an estimate of 30 additional personnel 
seems appropriate for a new converted station .  

Table 4.46 gives the estimated nu mber o f  additional operating personnel that may be expected for 
each scenario. As in the case of additional employment due to conversion activities, the approxi
mately 100 to 150 additional people expected during operation of the stations would easily be 
accommodated in the community. 

4.7.2 Community Impacts 

A potential impact of fuel conversion at the commu nity level would be the transport of fly ash and 
s ludge from the generating stations to designated d isposal areas. This is u - ually done with large 1()" 
wheel, covered dump trucks, although a conveyor system might be used at Brandon Shores. 
Depending on how the trucks are sched uled, as many as 25 truck loads of waste (Scenario 4) may 
leave the Brandon Shores site per hour during daylight hours. However, because the proposed dis
posal site (Figure 4.4) is very close to the Brandon Shores station, impact on the comm unity should 
be minimized until the near-site d isposal area is  fil led. 

As discussed in Section 4.8, some impacts due to traffic delays might occur if coal were delivered to 
the stations by rail. Transport by barge, the method currently being pursued by BG&E, would alle
viate these impacts. According to DOE's fuel supply analysis, l imestone would most l ikely be deli
vered by rail and refuse-derived fuel probably would be hauled by truck. The probable routes of transpcK1ing RDF from 

production fa' 'lities would include sedions of the Baltimore Beltway (1-695). Local traffic increases due to RDF transport 

would be less than 2 percent. General ly transportat!on impacts can be reduced by using the most suitable 
transportation mode (barge, for instance), by l imit ing the hours of fuel and waste movements, and 
by minimizing route capacity conflicts by l imiting t ruck and rai l  traffic to areas where access and 
activities a re compatible. 

4.8 ENERGY IMPACTS 

The intent of FUA is to reduce or eliminate the use of petroleum fuels in certain generating station 
u nits and MfSls. Conversion of the four units at Brandon Shores and Crane under consideration 
would d isplace fuel oil in the approximate amounts listed in Table 4.47 (ERA 1980b). 

The consumption of coal varies s lightly with each conversion scenario (Tables 2.1 and 4.48). The 
most oil is d isplaced in Scenario 3 and the worst-<:ase scenario; these scenarios also consume the 
greatest quantities of coal. 

Scenario 2, ), 4, and 5 (Table 2.1) f'nvision the use of a 90 percent coal, 10 percent RDF mixture for unit 1 of Crane. This 

would result in RDF requirements of about 85,000 tons/yr. This amount of RDF may be difficult to obtain from the Baltimore 

area; to thf' extent that RDF could be used in the BG&E units, however, the requirements for disposal of municip.!1 solid waste 

would be reduced. 
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TABLE 4.46. Approximate Number of Additional Operating Personnel Needed 
Under Each Conversion Scenario 

(Base Case) 2 3 4 5 

Brandon Shores 130 - 150 1 30 - 150 160 - 1 80  1 85 - 205 185 - 205 

Crane 60 95 95 95 

Total 190 - 210 215 - 245 255 - 275 280 - 300 
Increase Over 
Base Case No change 35 65 90 

TABLE 4.47. Potential  Oil Use Displaced by Conversion(a) 

Plant 

Brandon Shores 

Crane 

TOTAL 

(a) Source: ERA 1980b. 

Un its 

1 
2 

2 

Barrels/day 

13,400 
13,600 

5,320 

5,850 

38,170 

95 

280 - 300 

90 

TABLE 4.48. Fuel Quantities Required for Each Scenario (100 Percent Capacity) (a) 

Scenario 

2 3 5 

Oil, Oil, Coal, RDF, Coal, RDF, Coal, RDF, Coal, RDF, 
Gal/hr Gallhr Ton/or Ton/hr Tonlhr Ton/hr Ton/h r Ton/hr Ton/hr Ton/hr 

B randon 
Shores 
Unit 1 

B randon 
Shores 
Unit 2 

Crane 
Unit 1 

Crane 
Unit } 

TOTAL 

41,700 41,700 

41 ,700 41,700 

15,500 70 

15,200 69 

114,100 83.400 139 

248 

248 

22 70 22 

69 

22 635 22 

(a) Parameters for calculating fuel are those listed in Table 21. 
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TABLE 4.49. Limestone Requirements, Tons/Day 

Scenario 4 

Brandon Shores Unit 1 

Brandon Shores Unit 2 

TOTAL 

Scenario 5 

Brandon Shores Unit 2 

78-wt Percent CaCO) 95-wt Percent CaCO) 
635 

635 

1270 

635 

521 

521 

1042 

521 

Although not a fuel, l imestone would be consumed in the wet FGD systems described in Scenarios 
4 and 5. The util ity would have the option of using locally available (and possibly less expensive) 78-
wt percent CaCO) l imestone, or the more commonly used 95-wt percent CaCO) limestone. limes
tone requirements for the two scenarios are given in Table 4.49. 

o 
Additional considerations include the energy cost of transportation of fuels and FGD reagents to 
the sites and transportation of solid wastes to disposal sites. Coal is projected to be delivered to the 
stations by barge, with rail as a back-up mode. Limestone (Scenarios 4 and 5) would be trucked to 
stations using wet FGD systems. Refuse-derived fuel would also be broughl in by Iruck; since Ihere is no practical 

way 10 slockpile RDF, il would have 10 be supplied daily 10 Crane. These uses of energy are insignificant in terms 
of the amount of energy (coal) that would  be consumed to generate steam in the units, but they do 
add a small increment to the cost of  generating electricity. 

4.9 COAL-DELIVERY IMPACTS 

Delivery of coal to the Brandon Shores generating  station has been discussed and reviewed in a 
number of reports and letters (FBD 1 980; ICF 1 980). The principal alternatives for transporting coal 
to the site are by rail or by combined rail-barge delivery. (a,b) 

4.9.1 AlI-Rail Delivery 

Exist ing rail branch l ines run to the adjacent Wagner generating station from the Curtis Bay coal 
pier facility in Baltimore Harbor. This l ine (about 7 mi les long), connects with a rail network to coal 
mines in Northern Appalachia, and could be used for coal delivery. 

All-rail transport poses several problems. For opt imum efficiency, unit trains would be used to 
make the coal delivery. These trains are made up of about 1 00  cars each, and their efficiency lies i n  
their use a s  a u n it. The length of these trains is over 5000 feet (about 1 mile). T h e  Curtis Bay branch 
l ine has seven grade crossings; five of these are on' roads that are primarily used for access to indus
trial plants and have low traffic volumes except at sh ift changes. Two of the crossings are on State 
Routes 710 (Ordinance Road) and 713 (Pen nington Avenue), and carry a greater volume of traffic. 
Unless otherwise regulated, it is accepted policy that trains should not block road crossings for 
more than 10 minutes. This l imit would apply to the Ordinance Road crossing. The Pennington 
Avenue crossing is within the City of Baltimore, and a city ordinance l imits delays at road crossings 
to 5 minutes. The estimated time for a u ni t  train to clear a crossing is from 5.4 to 7 minutes. Trains 

(a) letter to '. Polasek, ERA, from s. A. link, BG&E. dated March 23, 1981. 
(b) letter to W. Muir, EPA, from G. Keizur, PNl, dated April 1 5, 1961 confirming telephone conversation repding status of 
Chessie Sy.tems property. 
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that are delayed by an opening of the drawbridge over Curtis Creek would block the Ordinance 
crossing for 1 1 .4 minutes. It is evident that u nit trains would have difficulty i n  clearing road cross
ings within the specified t ime limits. An alternative would be to deliver coal in trains composed of 
less than 100 cars. This could increase the delivered cost by $1.64 to $3.66 per ton or $13,000 to 
$29,000 per day at a use rate of 1 2,000 tons per day (ICF 1980). 

Fou r  trains per day presently use th is line. The addition of approximately one unit train per day 
would lead to problems in schedul ing rail traffic so that there would be minimal interruption at 
road crossings and so that the blockage at crossings would not prevent the passage of emergency 
vehicles (e.g. ,  ambu lances and fire trucks). 

According to DOE's internal analyses, the branch line would need upgrading in o rder to handle 
u nit trains. The tracks can presently handle loads of about 7,000 tons; a u nit train weights over 
1 2,000 tons. 

The feasibility of bringing unit trains to Brandon Shores would be limited by the space available for 
turning the trains around. BG&E attempted to obtain lan d  immediately north of the site for u n it
train delivery of coal. An agreement to use the land was not reached with the owner, the Chessie 
System.(a) Turning a u nit train at the Brandon Shores site would require tracks that encircle most of 
the site, plus the construction of three over- and u nderpasses to prevent the isolation of the site at 
t imes when trains are u nloading coal. These tracks and the necessary relocation of the coal piles 
would occupy space that could be used for a third generating u nit at Brandon Shores. 

The noise and fugitive dust from u nloading coal trains would probably be greater than that from 
barge delivery of coal. Although trains are exempt from noise regulations, additional noise would 
be produced by the passage of u nit trains to and from Brandon Shores. 

The Chessie System and SOROS, a consortium of coal companies, are considering constructing a 
coal-export facility on the property north of Brandon Shores. Because this project is !>ti l l  in the 
planning stage, there is no assurance that it would be a coal-supply o utlet for Brandon Shores.(bl 

4.9.2 Rail-Barge Delivery 

There are fou r coal-loading piers on Chesapeake Bay; two at Baltimore, MD, and two at Norfolk, 
VA. These piers receive coal by rail and ship it by barge. In addition, five other coal facilities are 
planned in the Baltimore, Norfolk,  and Newport News areas. 

Coal is presently delivered by barge to Wagner U nit 3. The greater fuel capacity of Brandon Shores 
required the dredging of a channel for larger, deeper-draft barges. A channel covering  about 70 
acres of Patapsco River bottom, including the existing Wagner channel, is requi red for 7,OOO-ton 
barges. About 462,000 yd1 was removed from this channel and transferred to a spoils-disposal area. 
The Marley Neck site is located o n  the Chessie System's property north of Brandon Shores for spoil 
d isposal. 

The estimated i mpacts of the barge channel dredging and dredge-spoi l  d isposal on water quality 
and ecology have been discussed in Sections 4.3.1,  4.4.2, and 4.5.3. 

Clamshell dredges were u!>ed to remove the bottom material from the channel and load it on 
barges, which transport the spoils to the Marley Neck site. About 5 percent (about 23,000 yd1) of the 

(a) letter from S. II. l ink .  BG&E. to J. Polasek. ERII. M�rch 23. 1981. 
(b) letter from G. Keizur.  PNl. to W. Muir. EPII. IIpri1 15. 1981. 
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material lifted by the dredge was lost to the water. This created a zone of increased turbidity (80 mg 
suspended solidsll) at distances to approximately 700 meters. little change would occur in the con
centration of trace metals in the river due to the d issolution of materials in the disturbed sediments. 
Concentrations of the toxicants eluted from Patapsco River sediments are usually below water
quality standards. Some reduction in t he amount of dissolved oxygen In the water was measured in  
laboratory elutions of Patapsco River sediments. A reduction in dissolved oxygen was less evident in  
actual dredging operations in the upper Chesapeake Bay. little change in water quality will occur 
outside the mixing zone, and the water quality that may be degraded within the mixing zone will 
return to normal when the dredging is complete. 

Benthic organisms disturbed by dredging are destroyed, and some benthic organ ism mortality may 
occur in the areas adjacent to the channel. The reestablishment of boltom organisms in this zone 
occurs rapidly after dredging is completed. F ish and other organisms that live in the water column 
of the river are tolerant of suspended sediments and toxic materials that are introduced into t he 
water by the dredged sediments. laboratory exposure of marine fish a nd shellfish to sediments 
from Bear Creek, which flows into the Patapsco River near BG&E's Riverside Generating Station 
(across the river from Brandon Shores), did not produce toxic effects at pollutant concentrations 
predicted to occur during channel dredging. 

The management of the dredge spoils wil l  be the responsibility of the site operators. The site is 
diked to retai n  water that drains from the dredge spoils, plus runoff due to precipitation. This water 
will not be discharged to surface waters if it fails to meet water-quality standards. Uncontrolled infil
tration of the drainage from the spoils-disposal site could contaminate ground waters. Controls as a 
condition of site operation would prevent th is from occurring. 

It is expected that maintenance dredging of the barge channel wil l  be required every 4 to 6 years. 
The quantity of dredge spoil removed and the associated impacts would be less than those expe
rienced when the original channel was constructed. Disposal of dredge spoils from maintenance 
dredging may not be possible at the Marley Neck disposal site. This location has a total apacity of 
about 1 . 5  million yd1• About 400,000 yd1 of th is capacity h as already been used. With the disposal of 
462,000 yd1 from the Brandon Shores barge channel, only about 638,000 yd1 of capacity would 
remain. This capacity could be consumed by the time maintenance dredging of the channel 
becomes necessary. 

land use of the spoils-disposal site would not change due to the development of the Brandon 
Shores channel, because the spoils site is already established. 

The pn�ential impacts of barge delivery of coal are mainly degradation of water quality and destruc
tion of aquatic l ife within the mixing zone during actual dredging. Impacts from rail delivery center 
around the difficulties from tying up automobile traffic at road crossings and problems with turning 
unit trains in the limited space at the Brandon Shores site. In  the 'lbsence of identifiable long-term 
impacts from barge delivery, it appears that barge delivery of coal to Brandon Shores is preferable 
to rail delivery via the Curtis Bay branch l ine. 

4.10 UNAVOIDABLE ADVERSE ENVIRONMENTAL EffECTS 

Some unavoidable impacts to the h uman environment will occur if one or more of the four un its at 
the Brandon Shores �nd Crane generating stations is converted to the use of an alternate fuel. 

The impacts related to possible conversion activities can be considered to be minor or negligible 
except as noted below. 
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4.10.1 Air Resources 

Most potential impacts from conversion of the fou r  uhits can be mitigated through the use of more 
effective emission-control measures. It is l ikely, however, t hat the total atmospheric loading of S02, 
NOx' a nd particulate matter from the units will increase. The most significant concentration change 
would be an increase in SOl over areas immediately surrounding Brandon Shores ilnd Crilne 

With the exception of Scenario 4, conversion of the units would consume most of the available rSD 
increment for 24-hour and 3-hour S02 emissions. This would occur mainly in the vicinity of the 
Brandon Shores station under Summer daytime conditions. 

4.10.2 Water Resources 

Unavoidable adverse impacts on water resou rces due to construction activities will be minimal. 
Dredging of a portion of the Patapsco River at Brandon Shores for construction of a coal-unloading 
facility increased suspended sediments and decrease dissolved oxygen around the point of bottom 
disturbance. Similar effects will occur during maintainance dredging operations. Such effects occu r 
during t he period of dredging and no permanent effect is projected. 

The surface- and ground-water quality impacts of operation of the u nits after they have been con
verted to an alternate fuel are limited primarily to the potential for contamination from surface 
runoff or leaching of coal piles, ash ponds, ash-disposal areas, dredge spoils, and FGD sludge
disposal piles. Measures designed to treat runoff water (including oxidizing reduced metals, neu
tralizing the acidic effluent with l ime, and clarifying and filtering of the solution) would mitigate in 
large part any chance of water-quality impact. 

BG&E's plan to install impermeable liners or underdrain collection systems will minimize this possi
ble contamination of ground water and su rface water by coal-pile leachate at the Brandon Shores 
site. AI Crane. leilchille could move inro Ihe Seneca-Sallpeter Creek and PalapKo RiV('r estuaries. 

4.10.3 Land Resources 

Operation of the units on coal or another alternate fuel would greatly increase ash production. The 
disposal of this ash and, possibly, FGD sludge would require more land than is available at existing 
d isposal sites. The uti lity is considering t he purchase of a 282-acre site adjacent to the Brandon 
Shores generating station for use as an ash disposal site. A study by Dames and Moore (DM 1980) 
concluded that the site would be suitable for such use. 

Construction of a barge channel for coal delivery to Brandon Sn')res lerl to the need for disposal of 
about 462,000 yd3 of spoils material. This material was disposed of �n a pl�rmitted dredge-spoils dis
posal site on Marley Neck. 

4.10.4 Biolo8k� ResouKei 

Disposal of coal ash and scrubber sludge by landfill would result in t he loss of h abitat for some ter
restrial animals. The extent of habitat loss depends on the site selected and the amount of solid 
waste produced. 

Toxicological hazards associated with coal-pile runoff and solid-waste leachates are expected to be 
controlled by proper waste management. During dredging operations, resuspension or dissolution 
of toxic components in the sediment may pose a temporary hazard to aquatic life. 
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4.10.5 Social and Cultural Impacts 

'1'�;;::.:'
��* 

The influx of construction workers at the Crane Generating Station may have some minor impacts on nearby communities. 

Vehicular traffic will increase. and ambient noise levels will be somewhat higher at certain times than noise levels are at 
present. 

Brandon Shores, which is presently under construction, should not experience any significant 
change in social and cultural impacts due to fuel conversion. 

During operations, the most sign ificant impact of conversion at the community level is expected to 
be traffic problems created by transporting the fly ash and/or sludge from the powerplant sites to 
designated disposal areas. 

4.10.6 Fuel, Limestone and Other Resources 

The conversion of the four units to alternate fuels would, of course, result i n  the use of those fuels 
in place of oil. If FGD systems are instal led, l imestone would also be consumed. 

Coal and l imestone are nonrenewable resources, although the domestic supply of each is substantial. 
Because oil  is in  shorter supply domestically than coal, these conversions would reduce the severity 
of impact on fuel supplies. 

Refuse-derived fuel is a renewable resource: its use as a fuel also reduces problems associated with municipal solid-waste 

disposal. 

Other reSOlJrces in the form of construction materials and equipment would be used as a result of 
conversion activities; the total impact in terms of resource use of th is consumption is negligible. 
The construdion activities associated with conversion would have a positive impact on the local 
economy. 
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APPENDIX A 

Health Effects of EXpoIUre to Alents Produced 
by Coal Combuttlon 

Taken directly from the Northeast Regional Environmental Impact Statement (DOElEls-0083) 



HEALTH EFFECTS OF EXPOSURE TO AGENTS PRODUCED BY COAL COMBUSTION(a) 

SULFUR DIOXIDE 

Acute 

Sulfur dioxide is a colorless gas with a pungent, irritating odor. Human sensory detection occurs 
between 1.3 and 2.6 mg/ml (0. 5 to 1 ppm) (Walsh et al. 1981). S02 is a potent, pulmonary irritant at 
concentrations above 26 to 52 mg/ml (10 to 20 ppm). At lower levels, changes in pulmonary 
function have been observed in the laboratory (National Re·jearch Council 1978). Acute studies with 
a variety of animals generally indicate that S02 concentrations >2.6 mg/ml (1 ppm) are necessary to 
produce changes in pulmonary function (National Research Council 1978). However, Amdur et al. 
(1978) have observed an increase in  pulmonary flow resistance in guinea pigs exposed to only 
0.84 mg/ml (0.32 ppm) 502 for 1 hour. 

Cl inical research with human subjects has indicated a wide range of sensitivity to 502 and the 
interdependence of factors includ ing activity level, route of breath ing (oral or nasal), t iming of 
exposure and hea lth status (National Research Council 1978). Exposures of normal, healthy, resting 
subjects to S02 concentrations of 13 mg/ml (5 ppm) or more for 2 hours have decreased pulmonary 
funct ion and nasal mucus flow. Experimental results from exposures of healthy persons to S02 
concentrations <1 3 mg/ml (5 ppm) are more variable. Several investigators have detected 
decreased lung fu nction in normal subjects while breathing through a va.riety of regimes and 
equipment of concentrations as low as 1.95 mg/ml (0.75 ppm). Exercise and mouth breathing have 
generally enhanced the severity of response in these experiments. Asthmat ics have reacted to lower 
concentrations of 502 than healthy subjects in many of these tests. !n a series of recent 
experiments, mild asthmatics exposed to concentrations as low as 260 J.lg/ml (0.1 ppm) S02 
experienced reduced airway resistance and increased symptoms such as wheezing (Sheppard et al. 
1980, 1981 ).  Several researchers have not detected adverse effects on pulmonary function at levels 
of S02 <13 mg/m1 (5 ppm),  however (National Research Council 1978). It must also be noted that at 
lower exposure levels both normal and asthmatic subjects demonstrate considerable variability in 
sensitivity in 502. For example, Jaeger et at. (1979) in their studies of 80 healthy nonsmokers and 
asthmatics, found a single healthy teenager and two asthmatics ilffected by 1.3 mg/ml (0.5 ppm) S02 
after 3 hours of mouth breathing. Amdur (1973, 1974) and Horvath and Folinsbee (19n) have 
suggested that 10 percent of the total population may be especially sensitive to S02. 

Epidemiological studies of past air pollution episodes have repeatedly demonstrated an association 
between acute h igh levels of 502 and particulate matter (PM) and increases in morbidity and 
mortality (Walsh et al. 1981).  Attempts to separate out the effects of one pol lutant or the other have 
not been successful. Reviews by H iggins (1974), H olland et al. (1 979), and Shy et al. (1978) conclude 
that during major pollution episodes in London during the late 1940s and early 1950s, increases in 
mo:·t"iity were associated with 502 and PM (measured by the British smoke [BS) method) levels of 
1000 J.lg/m1 and above. Studies by Glasser and Greenberg (1971) and McCarroll and Bradley (1966) 
indicate that small increases in mortality among the elderly occurred in New York City in the early 
19605 when 502 l evels were in excess of 1000 J.lg/mJ and PM was in the range of 5.0 to 7.0 coefficient 
of haze (CoH) units. 

(a) This appendix is t aken directly from Appendix C of the October 1982 "F inal Northeast Regional Environmental Impact 
Statement, the Potential Conversion of Forty-Two Power plants from Oil to Coal or Alternate Fuels," prepared by the U.S. 
Department of Energy, Washington, D.C. Citation to a specific table, fig .. re, section, or source is in reference to the 
Northeast Regional Environmental Impact Statement. 
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Lawther (1963) associated increased d aily mortality with PM levels >750 pg/ml (85) and 502 in  
excess of 715 pg/ml (0.25 ppm) during a winter characterized by the presence of thick fog. Martin 
and Bradley (1960) found a readily identifiable increase in mortality when PM and S02 
concentrations ranged from 500 to 1000 pg/ml (BS for PM). Martin (1964) again found a correlation 
between excess mortality during winter and PM levels of 500 to 600 pg/ml (B�) and above a nd 502 
levels h igher than 400 to 499 pg/m1• Excess mortality was most dramatic at PM levels over 1200 
pg/ml (BS) and 502 levels over 900 pg/ml. Glasser and Greenberg (1971) identified substantial 
correlations between mortality and 502 levels over 786 to 1048 pg/ml with PtA above 5.0 to 4.9 CoHo 
Based upon the analysis of these studies and others which show a qualitative relationship between 
PM, 502 and mortality, the World Health Organization adopted a figure of SOOJl8/m1 for each 
pollutant as the minima associated with short-term increase in mortality (Walsh et al. 1981) .  Excess 
deaths occurring during these episodes were primarily attributed to bronchitis, pneumonia and 
cardiac diseases and generally occurred among persons 45 yr of age and older. At lower pol lutant 
concentrations attempts to detect increased mortality have been difficult because of confou nding 
variables such as temperature ad influenza epidemics. 

Other studies indicate no relationship between 502 concentrations and mortality but rather that 
PM plays the predominant role (Walsh et al. 1981).  I n  any case, from the studies that have been 
conducted, it is impossible to relate·adverse health effects of 502 alone. 

Lawther et al. (National Research Cou ncil 1978) found 502 concentrations of 250 to 300 pg/ml and 
350 pg/ml TSP (converted from BS data) to be minimal daily concentrations associated with 
symptoms in patients with chronic bronchitis. The authors indicated that shorter-term fluctuations 
in pollution levels may have been responsible for the adverse effects detected, however . Emerson 
only found a weak association between similar dai ly TSP levels in conjunction with S02 
concentrations of 722 pg/ml and decreased pulmonary function in chronic obstructive pulmonary 
disease patients (National Research Council 1976). Based upon these and other epidemiological 
stud ies in this country, Great Britain and Europe, the National Academy of Sciences Committee on 
Sulfur Oxides (National Research Council 19n) concluded that 24-hr concentrations of 300 pg/ml 
502 and PM (as TSP) appear as the levels above which acute morbidity apparently increases and that 
180 pg/ml (0.07 ppm) S'02 and 180 pg/ml PM (as TSP) should not be exceeded if  the most sensitive 
asthmatic subjects are to be protected from increases in symptoms. 

Chronic 

No acceptable epidemiological studies quantitatively relate respiratory disease mortality to chronic 
(long-term) exposures to 502 or PM. Several researchers have reported correlations between 
annual 24-hr average 502 and PM concentrations in the range of 100 to 300 pg/ml (PM as TSP) and 
decreased phlegm production, prevalence of chronic nonspecific respiratory disease and decreased 
pulmonary function in adults, and respiratory symptoms, decreased pulmonary function and 
increased lower respiratory tract involvement in  children (National Research Council 1 978). Ferris et 
al. found an association between 180 pg/ml of PM (as TSP) and -56 pg/ml 502 and decreased 
respiratory function accompanied by symptoms in adults (National Research Council 1 978). In a 
followup study no association was found between pulmonary function or symptoms and 131 pg/ml 
PM (as TSP) in combination with -66 pg/ml of 502. Lambert and Reid (1970) found an association 
between the prevalence of cou g� a nd ph legm and PM concentrations in excess of 100 pg/ml (BS) 
and 502 concentrations over 1 50 pg/ml in postal workers in England. Becklake et al. (1979) reported 
significant differences in lung closing vol ume function test results associated with annual 502 levels 
up to 123 pg/ml and annual PM levels of 131 pg/ml (TSP). 

In summary, chronic exposure to 502 as low as 150 to 275 pg/ml concurrent with PM levels 
between 100 and 300 pg/ml (BS) have been strongly associated with a greater prevalence of 
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respiratory symptoms in adults and a likely increased frequency of lower respiratory symptoms and 
decreased lung function in children. 180 pg/ml  of PM (measured as TSP) with very low levels of S02 
has been related to decreased pulmonary function in adults. Several other stud ies indicate effects 
from chronic exposure to particulate n . ·;tter and S02 at lower levels than those cited above, but due 
to inadequacies in methodology little confidence can be placed in their results at this time. 

PARTICULATE MATTER 

Ambient particulate matter is often composed of sulfur compounds, and identification of the 
effects of ambient aerosols and particles independent of sulfur compounds may be impossible. 
Atmospheric particles are also comprised of heavy metals as oxides or salts and a wide range of 
volatile organic compounds. 

Information from occupational exposures indicates that health effects are highly dependent u pon 
the physical and chemical characteristics of the particles. Mineral dusts are generally not fibrogenic 
and accumulate in the reticulum framework of the lung without provoking any inflammatory 
responses. These inert d usts generally only present adverse health impacts after excessive exposure 
to concentratiorlS several-fold over those which occur in t he ambient environment (Hamilton and 
Hardy 1974). Other particles such as sil ica are capable of inducing a variety of pneumoconiosis-type 
d iseases at lower levels of exposure, while metal particles can produce respiratory and systemic 
disease (Hamilton and Hardy 1 974). 

Few toxicological studies have been conducted on the complex particles that occur in ambient air. 
Since a large proportion of ambient aerosols are comprised of sulfur compound, the research that 
has been done has focused on sulfur-containing particles and aerosols. The following discussion of 
acute and chronic effects of atmospheric particles and aerosols will address sulfuric acid (HzSO.) , 
sulfates (sulfur oxides), n itrates (nitrogen oxides),  and respirable particles. Hydrocarbons and other 
organic particles and trace metals are discussed separately. 

SULFURIC ACID 

Acute 

Amdur (1952, 1971) identified that acute lethal toxicity in laboratory animals varies with species. age 
(being more toxic in the young), particle size (-2 pm being the most toxic size). and temperature 
(toxicity increases with extreme cold). The acute toxicity of HzSO. aerosols is more a function of 
concentration than length of exposure. Cockrell and Busey exposed guinea pigs to 25 mg/ml H2S0. 
(MMD of 1 pm) for two days and reported segmented alveolar hemorrhage. Type 1 pneumocyte 
hyperplasia and proliferation of pu lmonary macrophages. Extensive experimentation by Amdur and 
cohorts has revealed pulmonary functional effects at HzSO� concentrations ranging from 0.11  to 
43.6 mg/ml, with particle size generally <2.5 pm MMD (National Research Council 1978). Recently. 
Amdur et al. ( 1978) reported a rectilinear relationship between HzS04 concentrations and 
pulmonary flow resistance in guinea pigs at concentrations as low as 50 to 150 pg/m) (National 
Research Cou ncil 1978). Amdur et al. (1978) described H2S0� as producing six to eight times the 
pulmonary response as SOz did in other work conducted by this same author using similar 
experimental methodology. 

Human respiratory effects from laboratory exposure to sulfur ic acid mist in concentrat ions ranging 
from 0.35 to 5.0 mg/m l include increased respiratory rate and decreased maximum inspi ratory and 
expiratory flow rates and tidal volumes (Amdur et al. 1952). S im and Pattie (1957) determined that 
respiratory response to H2S04 is d irectly proportional to relat ive humid ity. Except for the work of 
Amdu r cited above, acute exposures of healthy subjects h.we shown no erfects on the pulmonary 
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function at H2S04 concentrations up to 1 000 Jlg/ml, even during exercise (Nationa l  Research 
Council 1978). Lippman et al. (1980) found increased mucociliary clearance i n  nonsmokers at H2S04 
levels of 100 Jlg/ml and above and decreased clearance d istal to the t rachea at 1 mg/ml and above. 
Utell et al .  (1981 ) found exposure to H2S04 at 1 mg/ml potentiated the bronchoconstrictor action of 
carbachol in healthy and asthmatic subjects. Asthmatic subjects have not shown changes in airway 
function after exposures up to 1 mg/ml of H.S04 (Sackner et a l .  1978). 

Fairchild et al .  (1975) revealed that concentrations of H2S04 as low as 30 Jlg/ml shifted the 
deposition pattern of nonviable bacteria in  the respiratory tracts of guinea pigs towards the upper 
respi ratory tract. Schlesinger et al. (1978) demonstrated that 1-hour exposures to 0.3 to 0.6 JIm H2S04 
aerosols at concentrations ranging from 0.19 to 1 .36 mg/ml slowed particle clearance in the bronchi 
of donkeys. 

Chronic 

As with acute studies, chronic lethal toxicity investigations with animals reveal that the concentra· 
tion of H2S04 and not the duration of exposure is the most importan t  parameter i n fluencin g  toxic
ity. Subchronic continuous exposure to monkeys at concentrations between 0.38 and 4.79 mg/ml 
H2S04 produced morphological changes in bronchiolar epithelia (Alaire et al. 1973). No changes 
were seen in dogs exposed to 0.89 mg/ml of predominantly 0.5 JIm H2S04 aerosols. Guinea pigs, 
h ighly sensitive to H2S04 in acute experimentation, were not affected by 52 weeks of continuous 
exposure to up to 100 Jlg/ml H2S04 (Alaire et al .  1973). Schlesinger (1978) showed development of 
persistently slowed bronchial clearance of particles after about 6 exposures to H2SO4 at 0.1 9  to 1 .36 
mg/ml in two of the fou r  donkeys tested. Followup experiments using repeated 1-hour exposures 
to 0.1 mg/ml H2S04 produced erratic bronchial clearance rates, agai n  in donkeys (Schlesinger 1978). 
Sustained and progressive slowing of clearance was again produced in two of four  test donkeys. 
Studies with dogs found s imi lar resu lts while studies with sheep fou n d  no alterations in lung  clear
a nce rates at H2S04 con centrations  of 14 mg/ml (Wolff et al. 1979, Sackner et al. 1978). 

No information is avai lable on chronic exposures to H2S04 in humans but it has been hypothesized 
based upon both acute and chronic animal test results and acute stud ies with humans that chronic 
exposure to 100 Jlg/ml H2S04 cou ld  produce persistent changes in mucociliary clearance i n  pre
viously healthy ind ividuals and exacerbate conditions in those with exist ing respi ratory disease 
(Walsh et a l .  1 981).  

SULFATES 

Acute 

The effects on pu lmonary function produced by sulfate aerosols are similar to those produced by 
su lfuric acid ( National Research Council 1 978). Amdur has ranked the relative irritancy of a n umber 
of su lfate aerosols administered to gu inea pigs using similar experimental methodology and found 
z inc  ammonia su lfate [Zn(NH4) 2(S04)2) to  be  most toxic (National Research Cou ndI 1978). I t s  irritant 
effects on pu lmonary function were stated to be approximately one-third of those detected with 
H2S04 using aerosols in a similar s ize range. Table A.1 l ists the relative irritancy of other sulfates 
tested by Amdur et al. (1978). 

Based on Amdur's work it is difficu lt to assess the relative irritancy of sulfur compou nds in ambien t  
a i r  because o f  the importance o f  particle size. For example, if ferric su lfate i s  present  in t h e  atmo
sphere in particles wit h diameters <1 JIm while H2S04 is associated with particles h aving diameters 
>1 JIm, ferric sulfate would be more toxic to exposed animals because of greater penetration of this 
compound.  On the basis of sulfur equivalents, the same amount of sulfur as zinc ammonium sulfate 
is 16 times as toxic as it wou ld  be in H2S04, which in turn is fou r  t imes as toxic as the same amount 
of su l fur  would be if it existed as 501. 
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Hackney (1978) reported pulmonary function effects in monkeys after 1-hour exposure to 
(NH.12S0., ZnSO., and NH.HCO. at concentrations of 2.5 mg/ml, but not from NH4S0. or N H.NOl 
at the same concentrations. Ehr lich et al. (1978, 1979) fou nd no significant alterations of host 
defense mecham�ms in mice after 3-hou r exposures to ammonium sulfate, a m monium bisulfate, 
N02S0., Fe(SO.)2 or Fe(NH.) 2S0. i!t concentrations ranging from 2.5 to 6.7 mg/ml SO •. Similar 
exposure to generally lower levels of cadmium sulfate, copper su lfate, a luminum sulfate, zinc 
ammonium sulfate, and magnesium su lfate between 0.2 and 3.6 mg/m l SO. enhanced bacterial  
induced mortality over controls by 20 percent. These resu lts suggest that the a mmon ium ion 
decreases sulfate toxicity to mice respiratory tract defense mechanisms while toxicity is associated 
with the cation .  

Utell et a l .  (1981) exposed 16  norr l�al subjects and 17  asymptomatic asthmatics to NaHSO. (NH.) lSO. 
lnd NH.HSO. and then to the bronL�oconstrictive agent carbachol. Concentrations of 1 mg/ml 
NH.HSO. potentiated the effects of car�:lchol in  asthmatics. lower sulfate exposures produced no 
effect. K leinman and Hackney (1978) and Avol et al. (1979) eval uated the effects of a variety of 
su l fates on normal subjects. those identified as ozone-sensitive and asthmatics. The subjects 
exercised during their 2-112 hour exposure periods and the test conditions were 88°F and 
40 percent or 85 pel cent relative humidity. Pul monary function was u naffected in  the subject pool 
after NH.HSO. expoju res of 100 #lg/m! and ammonium su lfate concentrations of 85 #lg/m!. 
Asthmatics exposed at 40 percent RH to 372 #1g/ml (NH.) 2S0. similarly showed no reaction. 

General conclus ions from human acute experimentation indicate that concentrations <1 mg/m! 
sulfate produce only infrequent. s l ight. or transient changes in pulmonary fu nction (National 
Research Council  1 978). 

Ispen and coworkers could find no correlation between su lfate levels and absences due to i l l ness i n  
working popu lations a t  ambient concentrations reaching 3 5  #lg/ml (National Research Cou nci l  
1978). I nvestigations by lave and Seskin. Winkelstein et al. and Winkelstein and Kantor have 
associated ambient sulfate concentrations to excess mortality (National Research Council 1 978). A 
series of CHESS stud ies conducted in the U.S. in the late 19605 and early 19705 similarly associate 
ambient sulfates with excess mortality and a variety of morbidity endpoints (USEPA 1 974). However. 
the l imitations of these studies reduce their usefulness beyond providing qual itative evidence of an 
association between air pollut ion and adverse health effects and identifying the many difficu lt ies i n  
conducting community air pollution health effects research (National Research Cou ncil  1 978. 
USEPA 1980). 

NITRATES 

Acute 

No significant pu lmonary effects were found in healthy and asthmatic volunteers after laboratory 
exposure to 7 m g/ml NaNOl for 16 minutes. The particles had a MMD of 0.49 #1m (Walsh et a l .  
1981 ) .  E pidemiological studies have demonstrated an association between atmo!.pheric nitrate levels 
and exacerbation of pu lmonary symptoms in l'Iderly and asthmatic persons at n itrate levels of 2 to 
7.2 #lg/m !  (Walsh et al. 1981 ) .  As with sulfate epidemiological research. these results m ay suffer from 
interference of confou nding envi ronmental variables. No information on the effects of chronic 
exposure to n itrates in animals or h umans has been fou nd. 

NITROGEN DIOXIDE (N02) 

Acute 

Respiratory i l lness from acute exposure to low levels of n itrogen dioxide (N01) ranges in severity 
from s l ight irr itation to burning and pain in  the chest to violent cough ing a n d  dyspnea. Exposure to 
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highN levels can produce chronic lung d isease and death (Walsh et al. 1 981 ). Laboratory res�rch 
has shown that pre-exposure to NOz reduces the resistance to respiratory infection in laboratory 
animals (Walsh et al. 1 981 ). This effect has occurred after exposures to 3.6 mg/ml (2.0 ppm) NOz 
(National Research Council  1 9n). Reduced resistant.::e to bacterial infection is thought to result from 
interference to alveolar macrophage activity and may occur in humans (Walsh et �1. 1981 ). 

Clinical studies with h u man volunteers by von Neiding, and Rokaw and Suzaki indicate that 
reversible increases in  airway resistance occur after 15 to 45 minute exposu res to NOz at 
concentrations cf 2.8 to 3.8 mg/ml (1.5 to 2 ppm) (National Research Council 19n). Orehek et dL 
reported increased airway resistance in 3 of 20 asthmatic subjects and increased sensitivity to 
carbachol, a bronchoconstrictor, in 13 of 20 asthmatics exposed to 200 pg/ml (0.11 ppm) NOz for 
1 hour (Walsh et a!.  1 981) .  This has been the only adverse health effe\.1 reported in humans clinically 
exposed to NOz concentrations <2.82 mg/ml (1 .5  ppm). 

Chronic 

The chronic health effects of NOz are less well documented (National Research Council 1977). 
Continuous or prolonged intermittent exposure for 3 or 6 months to 940 pg/ml (0.5 ppm) NO. 
reduced the resistance to bacterial infection of laboratory animals. Pathological and physiological 
abnormalities of increasing severity have been seen in ii .. imals exposed to h igher concentrations. 
Epidemiological studies indicate the presence of excess acut� i nfectious respiratory disease in 
healthy human populations after exposure to 1 00  to 580 pg./m l (0.053 to 0.31 ppm) NOz. Other 
epidemiological studies found changes in  ventilatory function in populations exposed to 
>150 pg/ml (0.08 ppm) . The results from these epidemiological studies must be interpreted v.ith 
caution, however, because other air pollutants capable of inducing the observed eifects were also 
present. 

OZONE AND PHOTOCHEMICAL OXIDANTS 

Acute 

Ozone is the major component of photochemical oxidant mixtures and has recently been 
recognized as a reliable indicator of the adverse health effects due to this group of poll"'tants 
(USEPA 1 978). Ozone i'lnd the other constituents in photochemical smog generally cause biollJgi<:al 
effects in animals and hu mans similar to those associated with n itrogen d ioxide. While the 
toxicological and health endpoints are similar, ozone (01) is considerably more toxic than NOlo 

Acute experiments with animals indicate a range of effects from exposure to 01 concentrations of 
392 to 1 960 pg/ml (0.2 to 1 ppm) including altered pulmonary function, morphological ch2nges in 
pulmonary tissue, biochemical effects and alterations of genetic material (USEPA �978). Increased 
susceptibility to bacterial infection has been detected in a number of i nvestigations with animals 
upon short-ter-;) exposure to 196 pg/ml (0.10 ppm) 01 and lower (USEPA 1 978, National Research 
Council 1977). 

Data from clinical  experimentation with humans is h ighly sugg(>stive that alterations in pu lmonary 
function occur u pon acute exposure (hours) to 1 .47 pg/ml (0.75 ppm) 01 in lightly exercising 
subjects. Experimental results are more variable at lower levels of expo�ure. SeverJI researchers 
have identified changes in pulmonary function after 2-hr exposure, to 73C Jlg/ml (0.37 ppm) in 
subjects exercising intermittently (USEPA 1978). Another researcher detected changes o n ly in 
known Q.,-sensitive subjects ( persons who have demonstrated an abnormally high susceptibility to 
the irritating properties of Ol) at this level. This same researcner, in  another study, foun d  Canadian 
subjects to react to 730 pg/ml (0.37 ppm) 01 while Californian su bjects similarly exposed were not 
affected (USEPA 1 978). This result ind icates development of tolerance to Ol-induced physiological 
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changes which are detected by pulmonary function. De Lucia and Adams observed changes in  l ung  
fu nction and  respi ratory patterns in two of  six healthy adults undergoing strenuous physical 
exercise after 1-hour exposures to OJ levels of 590 pg/mJ (0.30 ppm) and again at 290 pg/mJ 
(0.1 5  ppm);  two ot her researchers have detected alterations in pulmonary function in a portion of 
subjects tested at 200 pg/m3 (0.1 ppm) OJ (USEPA 1978). Hackney et aI., however, were unable to 
detect any effects at 490 pg/m3 (0.25 ppm) OJ, even in "reactive su bjects" (USEPA 1978). All changes 
in lung  function detected in the above research have been reversible. These laboratory experiments 
h:ve also detected self-reported symptoms includ ing th roat tickle, substernal tightness, pain upon 
deep inspiration and cough in exposed subjects at levels associated with altered pu lmonary 
fu n ction (USEPA 1 978). The symptoms are proportional to dose. During strenuous exercise, 
symptoms occasionally prevented subjects from completing the tests. Ozone irritates the major 
bronchi of test subjects at 490 pg/m3 (0.25 ppm) (USEPA 1978). 

Researchers have detected increased lysis of blood erythrocytes in healthy human subjects 
following OJ exposure to concentrations as low as 730 pg/m3 (0.37 ppm). There is conflicting 
evidence whether or not acute exposure at this level produces chromosome abnormalities i n  
lymphocytes o f  healthy subjects. Other biochemical changes in the blood of humail  subjects 
exposed to 03 at levels <980 pg/m3 (0.5 ppm) have been determined, but the clinica l  significdnce of 
t hese effects is u nknown (USEPA 1978). 

Epidemiological research has as<ociated total oxidant exposures in the range of 200 to 290 pg/m3 
(0.1 0  to 0.1 5 ppm) and greater with fai lure of high school cross cou ntry runners to improve ru nning  
performance (Wayne et  a l .  reported in USEPA 1978). These resu lts have been verified by re-analysis. 
Hammer et al .  fou nd an association in students between chest discomfort and max imum hourly 
oxidant levels of 490 to 570 pg/m3 (0.25 to 0.29 ppm), cough and oxidant levels of 590 to 760 pg/m3 
(0.3 to 0.39 ppm) (USEPA 1 978). These findings correlate well with clin ical research results. Japanese 
researchers found higher rates of respiratory symptoms and headaches in students exposed to 
oxidants at concentrations >200 to 290 pg/m3 (0.1 to 0.1 5  ppm) (USEPA 1978). These results are 
d ifficult to interpret because of the possible presence of confou nding variables and the potential 
for oxidant pol l ution in Japan to be characterist ically d ifferent from that which occurs in the u .s. 
Epidemiological i nvestigations that l ink oxitlant exposure above 200 to 880 pg/m3 (0.10 to 0.45 ppm) 
to eye irritation . The quantities of 03 present in these epidemiological studies is difficult to 
determine, but results from clinical studies indicate that OJ is not responsible for eye irritation. 
Peroxyacety: nitrate (PAN) and peroxybenzoyl n itrate ( PBzN) are probably responsible for the eye 
i rritation effects observed (Walsh et al. 1 981 ) . No research has conclusively associated daily oxidant 
levels to increased mortality (USEPA 1 978). 

Chronic 

Chronic exposure of animals to 03 has produced a variety of morphological changes at levels 
<1970 pg/mJ (1 ppm) (USEPA 1 978). Emphysematous changes and damage to terminal  bronchioles 
and alveoli have been detected after repeated, intermittent exposure to 784 to 1058 pg/m) (0.4 to 
0.541 ppm) OJ for as little as three months. No experiments have assessed the long-term effects of 
ozone/oxidant exposure in humans. Epidemiological resu lts showing associations with respiratory 
mortality and increased incidence of chronic obstructive pu lmonary disease are inconclusive 
(USEPA 1 981 ) .  

RESPIRABLE PARTIClES 

It has become increasingly apparent that particles in the smallest size range are at least partial ly 
responsible for the adverse health effects associated with atmospheric particulate matter (Walsh 
et al .  1981 ). Particles <2.5 pm in  diameter easily penetrate into the distal portions of the respiratory 
tract where they contact relatively u nprotected tissue a nd can remain for long periods of time. 
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Particles <2.5 /1m in d iameter also contain a larger percentage of the sulfates, n itrates, sulfuric add, 
heavy metals and organic species that occur in ambient air. 

Amdur (1952, 1971 ) has identified the importance of particle size in hu man and animal toxicity 
research ind icating that particles with -2 j1m mass mea n  d iameter (MMD) are the most toxic to 
rodents. Experiments with inert dusts and powders <1 /1m in diameter produced pulmonary 
functional changes and impaired gas exchange after brief exposu re in both healthy a nd asth matic 
human subjects (Walsh et al. 1981 ) .  The groups of subjects responded at different t imes with the 
time lag between exposu re a nd respiratory response being greater in  hea:thy subjects. 

Epidemiological research to date has been largely insensitive to the potential role played by 
respirable part icles in  causing adverse effects on  human health.  The British data are probably more 
indicative of the impact of respirable particles than are A merican r�sults since the BS monitoring 
met hod p;:�arily detects particles in  a smaller size range. The on ly conclusion that can be reached 
with available evidence is that inhalation of fine particles may be responsible for at least a portion 
of the adverse respira�ory-related effects that occur in  a nimals and h umans, but that no quantitative 
relationship can be established at th is ti me. 

HYDROCARBONS AND ORGANIC MA TIER 

Hydrocarbons and other organic matter present in the ambient atmosphere include a variety of 
potentially harmful agents. The two classes of compounds of most concern on the basis of health 
are polynuclear aromatic hyd rocarbons (PNAs) and their neutral nit rogen analogues. These classes 
of compounds contain several carcinogenic agents, includ ing the potential carcinogen benzo[aj
pyrene. Many stud ies ind icate that PNAs and other polycyclic organic matter are primarily 
associated with particles in  the respirable size range (Walsh et al .  1981 ) .  Information on the h ealth 
impacts of these substances is derived primarily from occupational data. Extrapolation of t h is 
information to the public is difficult because of knowl� differences in  sensitivities to effect between 
work ing popu lations and the general public and variat ions in type and degree of exposure. 

Acute 

The large nu mber of PNAs released during wal combustion and/or present in the atmosphere 
produce a wide variety of biological effects. The primary focus of past and current research i nto 
these effects has been their mutagenicity, cytotoxicity and carcinogenicity (Walsh et al. 1981 ) .  These 
effects have been studied in subcel lu lar  and cel lu lar investigations with animals and correlated with 
occupational and commu nity exposures in humans. A variety of PNAs are capable of inducing 
mutations in  an number of accepted in vitro test systems (Walsh et al .  1981 ) .  Mutagenic effects may 
occur  directly or i ndirect ly after metabolic activation. Metabolic activation su bjects the init ial  test 
compound to enzyme action whi -h degr ades the chemical into biologically more useful forrls. 
Oftentimes, the metabolites, and not the original compound, induce the mutagenic effects. 
Perylene, benzo-( aj-pyrene, dibenz-[ a,cj-antracene, cyclopenta-[c,dj-pyrene, 3-methylchlo 
anth rene, chrysens and 7, 1 2-dimethylbenz[aJ-anthracene are amongst the strongest mutagens 
ident ified in stud ies conducted to date (Walsh et at. 1981 ) .  Cytotoxicity testing may also 
requi re metabolic activation for certain compounds. Tests for cytotoxic effects are generally 
conducted in  cultures of rodentor occasionally human cells. In  general, 7, 1 2-dimethylbenz-[a)
anthracene, 3-methylchola:lthrene, benzo(a )-pyrene, and dimethyl and diet hylnitrosamine are 
among the most cytotoxic polynuclear aromatic hydrocarbons identified thus far (Walsh et at .  1 981). 

The abi lity of PNAs to produce morphological transformations in  mammalian cells has been 
suggested to indicate carcinogen ic potential (Walsh et al. 1 981 ) .  Several acute investigations in 
rodent cel l  systems have identified cellular transformations with the same compounds as have been 
positively correlated with mutagenicity and cytotoxicity as discussed above (Walsh et a l .  1 98 1 ) . 
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Acute exposures to high levels of PNAs and other polycyclic organ ic matter has produced non
neoplastic skin and eye responses i n  an n umber of cl in ical and occupational sett ings (Walsh et at. 
1981 ) .  Sk in application of coal tar and coal tar solutions in the laboratory has produced 
phototoxicity, erythema, decreased mitotic activity and induct!on of enzyme act ivity related to 
cancer in itiation (Walsh et at . 1981). Occupational exposure to coal tar and coal tar produ cts, pitch, 
creosote, asphalt and petroleum products has produced nonal lergic and al lergic dermatit is, 
phototoxicity and photoal lergic reactions, follicu lit is, acne, and pigment disturbances (Walsh et at . 
1981 ) .  

Chronic 

Skin carcinomas have been observed in working populations exposed to unquantified levels of high 
temperature coal tar products (Walsh et at .  1981 ) .  Several epidemiological invest igations of working 
populations have correlated long-term exposure to products of coal d ist i l lation with elevated rates 
of lung cancer and occasionally cancer at other sites (Walsh et at . 1981 ) .  Because exposure data are 
general ly not available from these studies, the only conclusion that can be made i;  that the risk of 
cancer increases with pollutant concentration and duration of exposure, hence total dose. An 
occupational study by Hammond et at. of roofers and waterproofers found excess lung, bladder and 
skin cancer and leukemia in  these workers (Walsh et a t . 1 981 ) .  Calculations of exposures of these 
workers to organ ic  rT';,lter using benzo-[a)-pyrene [B(a)P) as a surrogate were equivalent to d mbient 
air concentrations of 2.088 Jlg/mJ. However, the incubat ion period of cancer is very long and 
exposure cond itions may have been different (probably worse) du ring the period prior to this 
study. For example, d(a)P concentrations measured in  the v icinity of coal pitch roofing operations 
in 1967 were 1 4  Jlg/mJ, seven t imes h igher than those detected by Hammond et at. dur ing the early 
19705. In summary, the range of B(a)P concentrations (used as an indicator of PNA exposu re) 
associated with increased cancer risks in  working popu lations is 1.2 to 200 Jlg/m } (Walsh et at. 1S81). 
These data must be interpreled cauti0usly, however ,  because past exposures to B(a)P for these 
workers are l ikely to have been greater than the measurements taken at the time of excess cancer 
was deteded adually ind icate. H igher exposures at earl ier t imes may have contr ibuted 
disproportionately to the doses leading to cancer induction. 

TRACE ELEMENTS 

Seve�al t race elements in ambient air represent potential  hazards to public health. Human exposure 
to metals in the atmosphere may result from di rect in halation or indirectly from contact with or 
ingestion of contaminated surface waters. Ingestion of cont aminated aquatic organisms or of crops 
grown on contaminated soi ls is  also possible but of lesser i mportance. Walsh et al. (1981 ) have 
identified arsen ic, beryll i um,  cadmium, chromium, mercury, nickel, seleniulT. and thal l i u m  as being 
the trace metals of primary concern which are released by coal combustion sources. Most of  these 
are preferential ly concentrated in coal fly ash or are d ischarged as vapors. Many have been found  
to  be  concentrated in  coal fly ash or a re  d ischarged as  vapors. Many have been fou nd to  be 
concentrated on the smallest particle in powerplant flue gas (Walsh et at . 1981) .  In general, envi .... 
ron mental true metals are associated With. or suspected of causing. human i l l ness through chronic. 
low-level exposu res. Acutely toxic concentrations are not common. especially i n  association with 
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coal combustion. A d iscussion of the trace elements of concern from coal combustion is presented 
in Walsh et al .  (1981) a nd summarized below. 

Arsenic 

Arsenic poisoning can result from inhalation, ingestion and absorption through the skin. Elemental 
and certain organic and inorganic forms are capable of produci n g  toxic reactions. Trivalent arsenite 
is more toxic than pentavalent forms of the element. The est imate of the maximum tolerable daily 
intake for humans is 14 to 20 mg. Arsenic has been associated with genotoxic effects in i . ..:mans. 
Workers exposed to high levels of a rsenic had a n  abnormally high frequency of chromosomal 
aberrations in their lymphocytes. Arsenic exposu re to levels between 254 a n d  6% pg/m] has been 
weakly associated with cancer in sheep dip workers. Orchard sprayers exposed to 140 pg/m1, and 
other groups of workers exposed to approximately 100 pg/m] for u nder 25 years, showed no 
increased risk of cancer, however. Other adverse health effects associated with arsenic occur at 
h igher exposures than those associated with cancer. The daily i ntake for humans has been 
calculated to be from 0.1 37 to 0.40 mg/person. The "acceptable air concentration" of arsenic I I I  
established by the panel o f  health experts chaired by Morrow i s  1 x 10-5 pg/m1. The Estimated 
Permissible Concentration for ambient air  based on health protection calculated by Cleland and 
Kingsbury as part of their Multimedia Environmental Goals is 5 x 10-1 pg/m1 for both arsenic I I I  and 
V (USEPA 1 977). 

Beryllium 

Beryl l ium is a highly toxic metal which upon inhalation is retained by the lungs. Industrial 
exposures of 0.31 to 1310 pg/m1 have caused chronic lung disease (beryl l iosis) in a portion of 
exposed workers. Many of these vict ims also developed hypoxia. Animals exposed to 50 to 
100 pg/m1 experienced acute lung d istress and lung damage. Beryll ium produces cancer in animals 
u pon exposure to air concentrations of 10 pg/ml a nd higher but th is disease has not been 
associated with humans. Skeletal damage can result from ingestion. 

The National I nstitute of Occupational Safety and Health (NIOSH) recommended an atmospheric 
standard of 0.01 pg/ml to protect comm u nity health in neighborhoods near  beryl lium-using 
industries. The "acceptable air  concentration" identified by Morrow et al.  is  5.0 x 1()"1 Jl8/ml. The 
Estimated Permissible Concentration derived by Cleland and K in gsbury to protect public health is 
1.0 pg/m1 (USEPA 1 977) . 

Cadmium 

Cadmiu m  occurs as a particu late in the atmosphere, with approximately 60 percent fal l ing within 
the respirable size fraction. Subcellular, ..:ellular and a nimal tests indicate that cadmium is cytotoxic, 
genotoxic and causes anemia, hypertension, cardiovascular d isease and a variety of biochemical 
effects of uncertain consequence. Acute exposures ;i' an imals h ave also produced progressive and 
permanent lung damage. Certain of these effects llave been verified to occur in humans. Human 
exposures to 3,000 to 1 5,000 pg/ml cadmium du·;ts over 20 years may result in some chronic lung 
damage. Acute exposures to dusts in the range of 30 to 690 pg/m1 were n ot associated with any 
adverse effects. Est imates for the min imum atmospheric exposures necessary to produce renal 
damage in h u mans in 20 years range from 1.6 to 21 pg/ml and 0.8 to 2 pg/m1 for 50 years of 
exposu re. Epidemiological stud ies l inking cadmium concentratio ns in air to hypertension and 
arteriosclerotic heart d isease are suggestive but not conclusive. Several occupational studies have 
associated cad mium expmure with increased scrotal alld/or respiratory cancer. Average adu lts 
intake 50 to 75 pg/m1/day of .::admium.  less than 25 percent of which is inhaled. Morrow et al. set 
the "acceptable air concentration" for cadmiu m at 0.05 pg/ml, while the atmospheric Estimated 
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Permissible Concentration calculated by Cleland and Kingsbury to protect health is 0.1 2 pg/ml 
(USEPA 1 977). 

Chromium 

Atmospheric chromium is in particulate form. Subcellular, cellular and animal experimentation 
have found chromium to induce biochemical, mutagenic and carcinogenic effects. Occupational 
evidence indicates that relatively high exposures (0.5 to 1.5 mg/ml) to chromi u m  for 6 to 9 years 
increase the risk of lung cancer while even h igher exposures cause severe acute i rritat ion of nasal 
t issue. Chromium IV is thought to be more toxic than chromium I I I (the form that predominates in  
the atmosphere). Most of  chromium uptake by humans occurs v ia  ingestion. The "acceptable air 
concentration" set by Morrow et al. is 0.05 pg/mJ. The Estimated Permissible C oncentration for air 
to protect health is 0. 1 2  pg/ml (USEPA 1977). 

Mercury 

M ercury is capable of accumulation and passage through the food chain. Environmental human 
exposure may either be direct or through contaminated food sou rces. I n halation of elemental 
mercury vapor can be harmful to humans, and inhalation of alkyl mercurial com pounds at levels of 
1 m g/ml for several months has reportedly caused human fatalities. Some symptoms of organic 
mercury poisoning have been reported to occur after exposures to ai r levels between 0.1 and 
1 m g/mJ. M onthly average exposures to 0.03 to 0.1 mg/mJ produced no sign iticant effects. 

I norganic mercu rials from powerplant emissions  are not expected to be an inhalatior. r isk, 
however. Occupational data reveal that exposure to inorganic mercu ry in  atmospheres containing 
less than 10  pg/mJ have not been associated with sign ificant adverse health effects. I ncreasing levels 
of exposure are directly associated with effects on the central nervous system. I ngestion of organic 
m ercury can produce nervous and other symptoms and death.  The U .S. Environmental Protection 
Agency has established a maximum al lowable concentration for ambient air of 1 pg/mJ for mercury. 
"Acceptable air concentrations" set by Morrow et al. are 0.1 pg/ml for inorganic mercury and 
0.01 pg/ml for organic mercury. The Estimated Permissible Concentration for air is  0.024 pg/mJ 
( USEPA 1 977). 

Nickel 

As with several other trace elements, the chemical species of nickel affect; its toxicity. S u bcel lu lar, 
cellular and animal experimentation has revealed nickel to be cytotoxic, mutagen ic and genotoxic. 
Di rect contact with human skin produces skin reactions in certain individuals. Other effects of 
n ickel particles have been reported in both m ammals and humans. Nickel carbonyl is the most toxic 
of all nickel compou nds in humans and is generally acknowledged as a potent ia l  carcinogen. It  has 
been correlated with nasal and respiratory cancers. Nickel oxide and su lfide are considered 
potential carcinogens. 

I n halation accou nts for approximately 1 to 2% of nickel intake by h umans. Amou nts adsorbed into 
the body via this and other pathways are not known. Morrow et al.  set the "acceptable a i r  
concent ration" il t  0.01 pg/mJ for n ickel and  1 x 1<r6 JJg/ml for nickel carbonyl .  The  Estimated 
Permissible Concentration for air is  0.24 pg/ml for n ickel and 0.8 pg/mJ for nickel carbonyl .  

Selenium 

Selenium is associated with respirable particles in the atmosphere. Chronic industrial exposures at 
relatively high concentrations cause nasal bleed ing, loss of smell, dermatitis, headache a n d  irritation 
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of mucous membranes. The effects of chronic exposure to selen ium are u n known. Although little is 
known about the toxicology of the element, the respiratory pathway is not seen as a major route of 
entry into the body with normal dai ly dietary u ptake ranging from 1 5  to 50 �g/m]. Morrow et at .  
estimated an "acceptable air concentration" for selenium of 0.1 �g/m] while the Estimated 
Permissible Concentration for air is 0.5 �g/mj (USEPA 1 977). 

Thallium 

Thalliu m is highly toxic upon acute administration to animals. Occupational exposures h ave led to 
thall ium poisoning after inhalation, ingestion, or skin contact. It accu mulates in tissue. Like mer
cury, the passage of thallium through the food chain in humans is of concern. Morrow's acceptable 
air  concentration is 0.01 �g/m]. Cleland and Kingsbury's Estimated Permissible Concentration for air 
is 0.24 �g/ml (USEPA 1 977). 

COMBINED EXPOSURES 

Many residents of the northeast are simu ltaneously exposed to relatively high levels of several crite
ria a ir  pollutants including various  mixtures of S02, TSP, N02, OJ, and CO. In addition, they are 
exposed to several noncriteria air pollutants such as su lfates, n itrates, sulfuric acid, trace metals and 
polynuclear aromatic hydrocarbons. Atmospheric concentrations for many of these substances wil l  
increase as a resuh of coal conversion. The interaction of these su bstances in the atmosphere and in 
human tissue may result in add itive, synergistic or  antagonistic effects upon human health. Besides 
the extensive epidemiological da�a base for particulate matter and S02, litt l e  research has been 
conducted on the health effects of exposure to multiple atmospheric contaminants. The available 
information is discussed below. 

Acute 

Amdur (1961 ),  Amdur and Underhil l  (1968), Amdur (1 971) and Amdur et al. (1 978) reported results 
from experiments with animals that indicated simultaneous exposure to S02 and aerosols capable of 
converting S02 to H2S04 had a greater effect on respiration than did either S02 or the aerosol 
alone. Since simultaneous exposure to S02 and solid aerosols not capable of i nteracting with S02 
d id not exh ibit potentiation (Amdur and Underhill 1 968), the theory developed that increased 
effects were not due to potentiation but to H2S04 aerosols. These results have been reported in  
studies with human volunteers (Nakamura 1 964, Toyama 1 962, Snell and Luchsinger 1 969). Snell and 
Luchsinger (1969) found simultaneous exposure of  human subjects to 5 ppm S02 and NaCI aerosol 
(7 �m average diameter) to be the lowest level of S02 at which decrements in pulmonary function 
were noted. Significant effects on pulmonary function were observed after exposure to 0.5 ppm 
S02 in combination with disti l led water aerosol (0.3 �m diameter). 

Toxicological exposures of H2S04 and 0] have produced equivocal results. Last and Cross (1978) 
reported synergi5tic eifects u pon histopathological examination of rats s imultaneously exposed to 
0.78 to 0.98 mg/m] OJ and 1 mg/ml H2S04. Grose et al. (1980) , on the other hand, reported a ntago
nistic effects upon ciliary beati ng frequency in hamster trachea after sequential exposure to first 
0.196 mg/m] 0] and ther. 0.88 mg/ml H 2S04. Gardner et at. (1 977) reported an additive effect 
between H2S04 and OJ in test of susceptibility to bacterial infection with m ice. When 0.1996 mg/m] 
01 was administered immediately followed by 0.9 mg/m] r12S04, increased susceptibility to infection 
was noted. This effect did not oc.cur after a reversal of the sequence of po llutant admin istration was 
made. 

Bates and Hazucha (1973) reported a synergistic effect upon pulmonary fu nct ion in human subjects 
acutely and simultaneously exposed to 0.37 ppm OJ and S02. Kagawa and Tsuru (1979) reported a 
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similar synergy in exercising humans after simultaneous exposure to 0.1 5  ppm OJ and S02. Sell et a l .  
(19n) and Horvath and Fol insbee (1977) could not replicate these resu lts and suggested that !he 
effects noted by Bates and Hazucha may have been due to H2S04 aerosol formation in  the exposure 
chamber. Von N ieding et al. (1979) did not find evidence of pol lutant interaction in human subjects 
p.xposed to 5 ppm 50 2, 5 ppm N02 and 0.1 ppm OJ. 

Simu ltaneous ozone and N02 exposure resu lted in an additive effect by reducing the resistance to 
baderial infection in m ice (National Research Council 1977a). A combination of OJ, 0.3 ppm N02, 
and 30 ppm CO prod uced no effects on male volunteers beyond those attributed to O J a lone 
(National  Research Council 1977b). 

Chronic 

Subch ronic exposure to 502, H2S04 and fly ash either singularly or in various combinations in gui
nea pigs resu lted in no potentiation of the effect of fly ash on either p ulmonary function or lung  
morphology (Alaire e t  a l .  1975) . Morphological changes were observed in  monkeys exposed to 
2.6  mg/mJ S02 plus  0.88 mg/m J H2S04, however. Chronic experiments with beagle dogs revealed 
that mixtures of 1 . 1  mg/mJ 502 and 0.09 mg/ml H2S04 produced anatomic alterations after 
61 months of exposure (Hyde et al. 1978). These effects occurred at levels lower than necessary for 
either S02 or H2S04 to produce the change alone. Stara et al. ( 1980) reported on this same series of 
experiments and concluded that simulta neous exposure to irrad iated and nonirradiated auto 
exhaust (contain ing CO, HC, N02 and OJ) in conjunction with S02 and/or H2S04 did not reveal 
potentiation upon pu lmonary function for any combinations of the pol lutants stud ied. 

Zarkower (1972) found greater effects in the pulmonary and systemic immiJne systems of mice after 
simultan eous exposure to S02 and carbon than were attr ibutable to either pollutant alone. These 
results were similar to those of Fenters et al. (1979) who exposed mice to 1 .5 mg/mJ H2S04 a n d  
1 . 5  mg/mJ carbon. Schiff et a l .  (1979) fou nd more epithelial damage in  the trachea o f  hamsters after 
expo:;ure to 1 . 1  mg/mJ H2S04 and 1.5 mg/mJ carbon than was due to either chemical alone. 
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APPENDIX B 

Sulfur Dioxide Sensitivity of Various Plants 



TABLE B.l. Sulfur Dioxide Sensitivity of Garden and Commercial Crops(a) 

Common Name 

Alfalfa 
Barley 
Bean, field 
Bean, l ima 
Beet 
Broccoli 
Irussel sprouts 

Cabbage 
Carrot 
Celery 
Clover 
Cotton 
Cucumber 
Eggplant 
Endive 
Kale 
leek 
lettuce 
Oats 
Onion 
Parsley 
Parsnip 
Pea 
Pepper (bell, chil i) 
Potato, sweet 
Pumpkin 
Radish 
Rhubarb 
Rubber tree 
Rye 
Safflower 
Soybean 
Spinach 
Squash 
Sweet clover 
Swiss ch,Hd 
T0bacco 
Turnip 
Wheat 

Castor bean 
Clover 
H" .. se-radish 
Pea 
Potato, Irish 
Sweet clover 

Cantaloupe 
Corn 
Sorp'hum 

Scientific Name 

Sensitive 
Medicago sativa 
Hordeum vulgare 
Phaseolus sp. 
Phaseolus lunJtus 
Beta vulgaris 
Brassica oleracea var. botrytis 
Brassica oleracea var. gemmiferil 
Brassica oleracea var. cilpitala 
Daucus cilrota 
Apium graveolens 
Trifolium sp. 
Gossypium fJirsutum 
Cucumis sativa 
Solanum melongena 
Cichorium endivia 
Brassica oleracea var. acephala 
Allium porrum 
Lactuca sativa 
Avena sativa 
Allium cepa 
Petroselinum crispum 
Pastir;aca sp. 
Pisum sativa 
Capsicum frutescens 
Ipomoea batatas 
Cucurbita pepo 
Raphanus sativus 
Rheum rhaponticum 
Hevea bras"/iensis 
Secale cereale 
Carthamus tinctoria 
Glycine max 
Spinacea oleracea 
Cucurbita milxima 
Meliotu� sp. 
Beta vulgaris var. ciela 
Nicotiana tabacum 
Brassica rap a 
Triticum aestivllm 

Intermediate 
Ricinus communis 
Trifilium sp. 
Armoracia rusticana 
Pisun sp. 
Solanum tuberosum 
Meliotus sp. 

Resistant 
Cucumis melo 
lea mays 
Sorghum sp. 

(a) Adapted from Dvorak et al. 1978. 
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TABLE B.2. plants of Known S02 Sensitivity Common to the Northern Chesapeake Bay Area(a) 

Common Name Scientific Name Abundance Sensitivity(b) 
----

Herbaceous Plants 
Blueg;ass Poa sp. Aburdant 5-1 
Common Ragweed Ambrosia arlemisiifolia Common S 
Cheat Bromus secalinus Common 5 
Lambsquarters Chenopodiun albun Common 5 

Trees and Shrubs 
Oak Querc'Js sp. Common I-R 
American Elm Ulmus americana Common 1 
Red Maple Acer rubrum AbulfJant I 
Suga,' Maple Acer �accharum Common R 
Black Locust Robinia pseudoacacia Abu ndant R 
Sycamore Plalanus occidenlalis Common R 
Willow Salix sp. Uncommon S-R 
Dogwood Comus florida Common R 
Ash Fraxinus sp. Common S 
Sumac Rhus sp" Abu ndant S-R 
Pine Pinus sp. Commc.l 5-1 
Blackberry Rubus sp. Common S 
MOI..'Otain laurel CNnolhus sanguineus Common I 
Blueberry Vaccinium sp. Com. non S 
Poison Ivy Toxicodendrom radicans Common R 
River Bank Grape Vilis riparia Common I 
Virginia Creeper Parlhenocissus quinque folia Common 5 

(a) Adapted from Qvorak et al. 1978 and BCL 1976. 
(b) S = sensitive, I = intermediate, R = resistant . 

REFERENCES 

Battelle Columbus Laboratories iBCL) .  1976. fnvironmental lmpact Report: Riverside SNG facility. 
Sollers Point. Maryland. Prepared for Baltimore Gas and Electric. 

Dvorak, A. J . •  et al. 1978. Impacts of Coal fired Power Plants on fish. Wildlife and Their Habitats. 
PB-268 658. A rgon ne National Laboratory, Argonne, I l l i nois. 
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TAIlf c.l. Mammals Found in the Northern Chesapeake aay-Area(a) -
Common Name Scientific Name 

Virsinia Opossum Didelphis virginiana 
Masked Shrew Sorex dnereous 
leut Shrew Oytotis parva 
Short-Tailed Shrew Blarina brevicaida 
Star-nosed Mole Condylura cristatol 
Eastern Mole Salopus aquaticw 
B.1ts Various species 
Racoon hcyon Ioor 
Ermine Mustela erminea 
River Otter Lonera canadensis 
Striped Skunk Mephitis mephitis 
Red Fox Vulpes vuloes 
Gray Fox Vrocvon dnereoargenteus 
Woodchuck Marmota monex 
bitern Chipmunk Tamias striatus 
Fox Squirrel Sciurus niger 
Gray Sq;.lirrel Sciurus carolinensis 
Southern Flying Squirrel Glaucomys volans 
Beaver Castor candensis 
White-footed Mouse Peromyscus leu copus 
Eastern Woodrat Neoroma floridana 
Marsh Rice Rat Oryzomys palustris 
Meadow Vole Microtus pennsylvanicus 
Woodland Vole Microtus pinetorum 
Muskrat Ondalra zibe!hicus 
Meadow Jumping Mouse Zapus hudsonius 
Norway Rat 
House Mouse 
Eastern Cottont�1 
White-tailed Deer 

(a) BCl 1976. 

- Rattus norvegicus 
Mus musculus 
Sylvilagus floridanus 
Odocoileus virgin;anus 

C.1 

Occurrence 
Common 
Uncommon 
Rare 
Common 
Rare 
Rare 
U;Kommon 
Common 
Rare 
Rare 
Common 
Common 
Rare 
Common 
Common 
Common 
Common 
Uncommon 
Uncommon 
Abundant 
Rare 
Uncommon 
Abundant 
Uncommon 
Abundant 
Common 
Rare 
Uncommon 
Abundant 
Abundant 
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TAIlE c.2. Reptiles and Amphibians Found in the Northern Chesapeake Bay Area(a) 

- .  Convnon Name Scientific Name Occurrence 

Spotted Salamandar Ambystoma magu/atum Common 
Marbled Salam:!nder Ambystoma opacum Uncommon 
Red-backed Salamandar Plethodon c. cinercus Common 
American Toad Bufo a. american us -Common 
Fowler's Toad 8ufo woodhousei fowlen Abundant 
Northern Cricket Frog Aeris crepirans erepitans Abundant 
Green Treefrog Hy/;a cin«ea Uncommon 
Northern Spring Peeper Hy/a crucifer Abundant 
Eastern Gray Treefrog Hy/a versicolor .\bur.dant 
Uplaoo Chorus Frog Pseudacris triseriata ferianum Common 
Bullfrog Rana conte5beina Abundant 
Green Frog Rana clam;'''''s melanou Abundant 
Northern Leopard Frog Rana pipiens Rare 
Southern Leopard Frog Rana vtricu/aria Abundant 
Pickerill Frog Rana oslust�ii palustris Uncommon 
Northern Fence Lizard Sceluporu; undu/atus hyacinthinus Rare 
Five-lined Skunk Eumeces fasciatus Common 
Eastern Worm Snake Carphophis amoenw Uncommon 
Northern Fence Lizard Diadophis punctatw edwardsi Rare 
Eastern Hognose Snake Heterodon platyrhinos Rare 
Northern Black Racer Coluber constrictor Common 
Blad Rat Snake Elaphe obsoleta Common 
Eastern Kingsnake umpropehis geru/us Rare 
Eastern Milk Snake Lampropehis triangulum Common 
Northern Water Snake Natrix sipedon Abundant 
Queen Snake Natrix septemvittata Rare 
Eastern Ribbon Snake Thamnophis sauritus Uncommon 
Eastern G�rter Snake Thamnophis sirralis Common 
Eastern Mud Turtle I(;nostemon subrubrum Abundant 
�napping Turtle Chelydra serpent;na Abundant 
Spotted Turtle C/ermys gutta!a Abundant 
Bog Turtle C/emmys muhlenberg; Unknown 
Eastern Box Turtle Terrapene carolina Abundant 
Northern Diamondback Terrapin Malaclemys terrapin Abundant 
Eastern Painted Turtle Chrysemys pieta Abundant 
Red-bellied Turtle Chrysemys rubr;velitr;s Rare 
Red-eared Turtle Chrysemys scripta clegans Uncommon 

(a) BeL 1976. 
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TABLE c.l. Birds of the Northern Chesapeake Bay Area(a) 

Common Name 

Common Loon 
Horned Grebe 
Pied-billed Gr£:be 
Double-crested Cormorant 
Great Blue Heron 
Little Blue Heron 
Cattle Egret 
'Great Egret 
Snowy Egret 
Green Heron 
Least Bittern 
American Bittern 
Glossy Ibis 
White Ibis 
Whistling Swan 
Canada Goose 
Mallard 
Black Duck 
Gadwall 
Pintai l  -
Green-Winged Teal 
BJue-Winged Teal 
American Wigeon 
Northern Shoveler. 
Wood Duck 
Redhead 
Ring-necked Duck 
Canvasback 
Greater Scaup 
Common Goldeneye 
Bufflehead 
Ruddy Duck 
Hooded Merganser 
Common Merganser 
Least Sandpiper 
Dunlin 
Short-billed Dowitcher 
Semipalnated Sandpiper 
Great Black-backed Gull 
Herring Gull 
Ring-billed Gull 
laughing Gull 
Bonaparte's Gull 
Least Tern 
Caspian Tern 
Rock Dove 
Mourning Dove 
Yellow-billed Cuckoo 
Great Horned Owl 
Short-eared Owl 
Barn Owl 
Barred Owl 
Chuck-Will's Widow 

(a) BCl 1976. 

Scientific Name 

Gavia inmer 
Podicops aur;tils 
Podilymbus poIiceps 
Pha/acrocorax auritus 
Ardea herodias 
Florida c�ru/ea 

." Rubulcus ibis 
Casmerodius albus 
Egretta thu/a 
Butor;des v;rescens 
Ixobrychus exilis 
Botaurus lentiginosuf 
Plegadis falcinellus 
Eudocimus a/bus 
Olor columbianus 
Branta catladensis 
Anas p/atychanchos 
Anas rubripas 
Anas streoera 
Anas acuta 
Anas crecca 
Anas discors 
Mareca americana 
Anas t;lypeata 
Aix sponsa 
Aythya americana 
Aythya collaris 
Aythya valisineria 
Aythya marita 
Bucepha/a c1angu/a 
Bucapha/a albeola 
Oxyura lamaicensis 
Lophodytes cucullatus 
Margus merganser 
Calidris minutilla 
Calidris a/pina 
Limnodromus griseus 
Calidris pusillus 
Larus marinus 
Larus argentatus 
Larus de/awarensis 
Larus atricilla 
Larus philadelphia 
Sterna albifrons 
Hydroprogne aspia 
Columba livia 
Zenaida macroura 
Coccyzus americanus 
Bubo virginian us 
Asio Flammeus 
Tyto alba 
Strlx varia 
Caprlmt.:gus caro/inensis 

C.3 

Occurrence 

Uncommon 
Rare 
Uncommon 
Rare 
Abundant 
Rare 
Rare 
Rare 
Rare 
Uncommon 
Rare 
Uncommon ' 
Uncommon 
Rare " 

Abundant 
Abundant 
Common 
Common 
Common 
Uncommon 
Common 
Uncommon 
Common 
Rare 
Rare 
Rare 
Rare 
Rare 
Common 
Rare 
Uncommon 
Uncommon 
Rare 
Uncommon 
Uncommon 
Rare 
Rare 
Rare 
Common 
Common 
Uncommon 
Uncommon 
Uncommon 
Rare 
Uncommon 
Rare 
Common 
Uncommon 
Rare 
Rare 
Rare 
Rare 
Rare 



----------

TI\lU c.3. (Contd) . 

Common Name Scientific Name Occurrence 

Whip-Poor-Will CaprimfJ/gus vociferus Uncommon 
Chimney Swift C�etura pelagica UnCOll'lmon 
Ruby-Throated Hummingbird Archilochus colubris Rare 
Belted Kinsfisher Megaceryl alcyon Rare 
Common Flicker CoQptes auratus Abundant 
Yellow-bellied Sapsucker Sphyrapicus 'varius Rare 
Red-bellied Woodpecker Centurus carolinus Uncommon 
Hairy Woodpecker DendrocoPos villosus Uncommon 
Downy Woodpecker Dendrocopos pubescens Common 
Eastern Kingbird Tyrannus tyrannus Uncommon 
Great Crested Flycatcher Myiarchus crinitus Uncommon 
Eastern Phoebe Sayornis phoebe Uncommon 
Acadian Flycatcher Empidonax virescens Rare 
Eastern Wood Pewza Contopus virens Uncommon 
Olive-sided Flycatcher Nuttallornis borealis Rare 
Horned Lark Erern.)phila a/pestr;s Uncommon 
Tree Swallow 'ridoprocne bico/or Abundant _ 

Bank Swallow Riparia riparia Common 
Rought-winged Swallow Sfelgidopteryx ruficollis Uncommon 
R�-breasted Merganser MerBus serrator Rare 
TL·rkey Vulture Cathartes aura Uncommon 
Bla..-k Vulture Coragyps atratus Rare 
Shar�Skinned Hawk Accipiter striatus Uncommon 
Cooper's Hawk Accipiter cooperil Rare 
Rough-legged Hawk Buteo lagopus Rare 
Red-tailed Hawk Buteo jamaicensis Uncommon 
ked-shouldered Hawk Buteo lineatus Rare 
Broad-winged Hawk Buteo p/atypterus Rare 
Golden Eagle Aquila chrysaetos Rare 
Bald Eagle Haliaeetus laucocepha/us Rare 
Marsh Hawk Circus cyaneus Uncommon 
Osprey Pandion haliaetus Uncommon 
Merlin Falco columbarius Rare 
American Kestrel Falco sparverius Uncommon 
Turkey Meleagris pllopavo Uncommon 
Bobwhite Colinus virginianus Common 
Ring-necked Pheasant Phasianus colchicus Common 
King Rail Rallus elegans Rare 
Virginia Rail Rallus limicola Uncommon 
Common Gallinule Gallinu/a chloropus Rare 
Sora Porzana carolina Uncommon 
Black Rdl Laterallus jamaicensis Rare 
Americiln Coot Fulica americana Common 
Wilson's Plover Charadrius wilsonia Rare 
Killdeer Charadrius vociferus Common 
Black-bellied Plover Pluvi, 'I1s squatoraoQ Uncommon 
American Woodcock Philo,,e/a minor Uncommon 
Common Snipe upella pllinago Uncommon 
Spotted Sandpiper Actitis mKu/aria Uncommon 
Solitary Sandpiper Tringa solita ria Rare 
Willet Catoptrophorus sernipalmatus Rare 
Greater Yellowlegs Trinp melanoleucus Common 
Les-ser Yellowlegs Tringa flavlpes Common 
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TABLE C.l. (Contd) 

Common Name Scientific Name Occurrence 

Pectoral Sandpiper Calidris me/anotos Uncommon 
Barn Swallow Hirundo rus·;ca - Abundant 
Purple Martin Progne subis Common 
Blue Jay Cyanocitta criSfata Abundant 
Common Crow Corvus L/achyrhynchos Common 
Fish Crow Corvus ossifragus Uncommon 
Carolina Chickadee Parus carolinensis Common 
Tufted Titmouse Parus bicolor Common 
White-breasted Nuthatch sitta carolinensis Uncommon 
Brown Creeper Certhia familiaris Uncommon 
Winter Wren Troglodytes troglodytes Uncommon 
Carolina Wren Thryothorus ludovicianus Comlflon 
Long-billed Marsh Wren To/matodytes pa/ustris Common 
Mockingbird Mimus polyglottos CO'TImon 
Gray Catbird Dar .. etalla carolinensis Common 
Brown Thrasher Toxostoma rufum Common 
American Robin Turdus migratorius Common 
Wood Thrush Hylocichla mustelina Common 
Hermit Thrush Catharus guttata Common 
Swainson's Thrush Catharus ustu/ata Common 
Veery Catharus fuscesens Uncommon 
Eastern Bluebird sialia sialis Rare 
Blue-gray Gnatcatcher Poliopti/a caerulea Uncommon 
Golden-crowned Kinglet Regulus satrapa Common 
Ruby-crowned Kinglet Regulus calendula Common 
Cedar Waxwing Bombycilla cedrorus Rare 
Starling Sturn us vulgaris Abundant 
White-eyed Vireo Vireo griseus Uncommon 
Red-eyed Vireo Vireo olivaceus Common 
Black-and-white Warbler Mniotilta varia Rare 
Blue-winged Warbler Vermivora pinus Rare 
Tennessee Warbler Vermivora peregrina Rare 
Nor,hern Parula Warbler Paru/a americana Uncommon 
Yellow Warbler Dendroica petechia Common 
Magnolia Warbler Dendroica magnolia Common 
Cape May Warbler Dendroica tigrina Rare 
Black-throated Blue Warbler Dendroica caerulescens Common 
Yellow-rumped Warbler Dendroica coronata Abundant 
Black-throated Green Warbler Der.droica virens Uncommon 
Blackburnian Warbler Dendroica fusca Uncommon 
Chestnut-sided Warbler Dendroica pennsylvanica Uncommon 
Bay-breasted Warbler Dendroica castanea Uncommon 
Blackpoll Warbler Dendroica striata Common 
Pine Warbler Dendroica pinus Rare 
Prairie Warbler Dendroica discolor Rare 
Palm Warbler Dendroic .. pa/marus Uncommon 
Ovenbird seiurus aurocapillus Common 
Northern Waterthrush seiurus noveboracensis Uncommon 
Louisiana Waterthrush seiurus motacilla Uncommon 
Common Yellowthroa. Geothlypis trichas Abl..ndant 
Yellow-breasted Chat Icteria virens Common 
Wilson's Warbler Wi/sonia pusilla Uncommon 
Canada Warbler Wi{sonia canadensis Uncommon 
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/ TA1SLE C�3. (Contd) 

Common Name Scientific Name Occurrence / I 

/ American Redstart Sctophagil ruticilla Common 

J House Sparrow 'Passer domesticus Rare 

/ Bobolink Dolichonyx oryzivorus Rare 
/ Eastern Mea�owlark Sturnellil magna Common I I 

Red-winged Blackbird Age/aius phoanlceus Abundant 
Orchard Oriole Icterus spurius Rare 
Northern Oriole Icterus galbulil Uncommon 
Rusty Blackbird Euphagus carolinus Uncommon 
Common Crackle Quisca/us quiscu/a Common 
Brown-ht'aded Cowbird Molothrus ater Abundant 
Scarlet Tanager Piranga olivacea Uncomm'ln 
Summer Tanager 'Piranga rubra Rare 
Cardinal Cardinalis cardinalis Common 
Rose-breasted Grosbeak Phaucticus ludovicianus Uncommon 
Blue Grosbeak Cufrilca caeru/ea Rare 
Indigo Bunting PilSserina cyanea Uncommon 
American Goldfinch spin us tristis Uncommon 
Rufous-side Towhee Pipilo erythroptha/mus Common 
Savannah Sparrow Passerculus sanuichensis Uncommon 
Grasshopper Sparrow Acrodramus savannilrum Uncommon 
Vesper Sparrow Pooecetes gramineus Rare 
Dark-eyed Junco Junco hyemalis Common 
Chipping Sparrow Spizella passerina Uncommon 
Field Sparrow Spize/la pusilla Uncommon 
White-crowned Sparrow Zonotrichia leucophrys Rare 

I Fox Sparrow Passarellil i1aca Rare 
Swamp Sparrow Me/ospiza georgiana Common 
Song Sparrow Me/ospiza melodia Common 
Snow Bunting Plectrophenox nivalis Rare 
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TARE c.... Commercial and Recreational Fish ancUheltflsh In 
the Patapsco, Senea and Saltpeter Rivers 

filh 
Menhan 
Alewife 
Blueback Herrin, 
Bay Anchovy 
White Perch 
YelJow Perch 
Norfolk Spot 
StriPEd Bass 
Winter Flounder 
American Shad 
Hickory Shad 
Gizzard Shad 
Croaker 
Bluefish 
White Catfish 
Channel Catfish 
Brown Bullhead 
American Eel 
Larpmouth Bass 
Chain Pickerel 
Pumpkinseed 
Bluqill 
Carp 

SheI8aIt 
Blue Crab 

Irevoort/a tyrannus 
Alosa pseudoharenrus 
A!:>sa HStivOlIl! 
Anchoa mitchilll 
Merone america nus 
#'f:rC!!l flavescens 
Leto;.tomus xanthurus 
Mt i ooe saxatllis 
Puwdopieuronectes amerianus 
Alosa sapldlssifN/ 
A.Iosa medlocris 
C>orsotN ceped�num 
Mkroporon undulMus 
Pomatomus saltatrix 
IClaiurus catus 
Ida/urus puooatus 
Ida/urus nebulosus 
Anruilia rostrata 
AAicropterus salmoides 
Esox nl,er 
Lepomis ,ibbosus 
Lepomls /TIKromirus 
Cyprinus carpb 

Callinedes sapidus 

�lttelle Columbus Laboratories (BCl). 1976. Environmental Impact Report: Riverside SNG Facility, 
:.,lIers Point, Maryland. Prepared for Baltimore Gas and Electric. 
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Anne .'rundel County 

National Historic landmarks 
Chase - lloyd House 
Hammond - Harwood House 
�ryland State House 
William Paca House 
William Paca Gardens 

National Register of Historic Places 
43 Pinkney Street 

Baltimore City 

National Historic landmarks 

(14)(a) 
(14) 
(14) 
(14) 
(14) 

(15) 

Mount Clare �nsion (9) 
Shot Tower (8) 
Star-Spangled Banner Flag House (8) 
U.S. Frigate Constel�tion (8) 

National Register of Historic Places 
8attle Monument and Park (8) 
Carroll Mansion (8) 
Fon McHenry National Monument and Historic Site (6) 
Old Ottenbein United Methodist Church (8) 
Westministcr Presbyterian Church and Cemetery (9) 

8altimore County 
National Register of Historic Places 

Fon Carrison (16) 

(a) Numbers in parentheses are approximate distance (mile) to nearest 
BG&E Generation Station. 
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Maryland Historical Trust 

Dr . Richard Craig 
Battelle Northwest 
P . O .  Box 999 
Richland . � 99352 

Dear Dr . Craig : 

Jr-!e 6 ,  1 983 

Re : Brandon Shores Power Plant 
Anne Arunde.!. County . Maryland 

Thank you ':or contact ing us regarding the proposal to cOnlrert the Brandon 
Shores Power Plant from an oil-fueled to a coal-fueled facility . We bel �eve 
this act ion will have no effect on historic s tanding structures or archeological 
resources . 

MRE/KEK/bj s 

cc : Mr . Anthony F .  Chris thilf 
Mrs . Keren D .  Dement 

0.2 

Sincerely , 

JN�:k �,��,:,V 
Mark R .  Edwards 
Deputy 
State Historic Preservation Of f icer 

Stwlw House. 2 1  StAte Circle. Annapolis. MArylAnd 2 1 40  I (30 I )269-22 1 2. 269-2438 
bepaltMent of E.conomk And Community Development 
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CAaMenIon FadDn 

MUlTlfty IY TO O8TAlN 
Conversion 

E,.tish Unit (Abbreviation) Factor (Abbreviation) Metric Unit 

acre ac 0.405 ha hectares 
board foot bel. ft. 0.0023 cu. m. cubic meters 
British therrtW Btu/sq. ft. 2.n kg cal/ml kilogram-caloriesl 

unit/square foot square meter 
cubic feet cu. ft. 0.028 cu. m. cubic rneten 
cubic feet cu. ft. 28.32 I liters 
cubic yards cu. yd. 0.765 cu. m. cubic meters 
depee Fahrenheit of (a) °C degree Centigrade 
feet ft 0.3048 m meters 
pilon gal 3.785 I liters 
pilon per minute gpm 3.79 11m liters per minute 
horsepower hp 0.7457 kW kilowatts 
Inches in. 2.54 em centimeters 
pounds Ib 0.454 �g kilograms 
mile mi 1.609 km kilometer 
square feet ftl 0.0929 ml square 
meters 
tons (short) 0.907 " kg metric tons 

(100 kilograms) 
yard yd 0.9144 m meters 

(a) The conversion equation is 

E.1 
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AAQS 

AQCR 

BG&E 

COD 

DHS 

DOE 

EPA 

ERA 

ESECA 

ESP 

FEA 

FGD 

FUA 

NAAQS 

NPDES 

NSPS 

OK 

OSHA 

PJM 

PSC 

PSD 

PVD 

RDF 

SIP 

TSP 

---------- _._ . .  - _ .- . ----.---- -- -
List of Aaonyms 

Ambient Air Quality Standards 

Air Quality Control Region 

Baltimore Gas and Electric Company 

Chemical Oxidation Demand 

Designated Hazardous Substance 

Department of Energy 

Environmental Protection Agency 

Economic Regulatory Administration 

Energy Supply and Environmental Coordination Act 

Electrostatic Precipitators 

Federal Energy Administration 

Flue Gas Desulfurization 

Powerplant and Industrial Fuel Use Act 

National Ambient Ai( Quality Control Standards 

National Pollutant Discharge Elimination System 

New Source Performance Standards 

Office of Fuels Conversion 

Occupational Safety and Health Administration 

Pennsylvania, New Jersey, Maryland Power I ntertie 

Primary Standard Conditions 

Prevention of Significant Deterioration 

Pore Volume Displacement 

Refuse-Derived Fuel 

State Implementation Plan 

Total Suspended Particulates 

F.1 
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GLOSSARY 

�e: A collection of soil grains or particles gathered into a mass so as to constitute a whole. 

algorithm: A set of well-defined rules or procedures used for solving a mathf:!matical problem. 

ambient �r: That portion of the atmosphere. external to buildings, to which the general public 
has access. The surrounding air. 

anthroposenk: Caused by humans. 

anticyclone: An extensive system of winds spiraling outward from a high-pressure center, circling 
clockwise in the Northern Hemisphere and counterclockwise in the Southern Hemisphere. 

associations: A definite or characteristic assemblage of plants living together on an area of essen
tially uniform environmental characteristics. 

attenaution: The reduction in level of a quantity, such as the concentration of pollutants, over an 
interval of a variable, such as the distance from a source. 

botghouse: An air-pollution control device that uses fabric filters to remove particulate matter. 

baseline: A base for measurement or comparison; as used here refers to the environment which 
would occur in the absence of the proposed action. 

BAT: Best Available Technology; the lev�1 of treatment of best available technology economically 
achievable as determined by the Administrator of the EPA. 

BOD: Biochemical or Biological Oxygen Demand; an indirect measure of the concentration of 
biologically degr3dable materials present in organic wastes. This is the amount of free oxygen used 
by aerobic organisms when allowed to attack the organic matter in any aerobically maintained 
environment at a specified temperature (2OC) for a specific time (5 days). It is expressed in milli-

. grams of oxygen used per liter (mg/l) of liquid waste volume or in milligrams of oxygen per kilo
gram of solids present (mg/kg = ppm = parts per million parts). 

BPT: Best Practical Technology; also known as BPCYCA (Best Practical Control Technology Cur
rently Avairable). This is basp.d upon the average of the best existing performance by plants of var
ious sizes, ages and unit processes within an industrial category or subcategory or both. BPT is 
based upon performance levels achieved by exemplary plants not industry average. 

Btu: British thermal units; the majority of heat necessary to raise the temperature of 1 Ib of water 
1°F at or near 39.2°F. 

cementitious I'Mterlal: any of various building materials which may be mixed with a liquid, such as 
water, to form a plastic paste, and to which an aggregate may be added; includes cements, limes, 
and mortar. 

conventional pollutants: Those pollutants classified as biological oxygen demand (BOD), total sus
pended solids (TSS), fecal coliform and pH. Chenllcal oxygen demand (COD), phosphorus, and oil 
and grease were proposed on July 28. 1978 (43 CFR 328.57) to be considered as "conventional." On 
July 30, 1979 the following were designated as conventional pollutants: BOD, TSS, pH, fecal coli
form, and oil and grease. For the purposes of this study BOD, TSS. fecal coliform and pH were con
sidered to be the conventional pollutants. 

G.1 
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criteria air poluhllls: Pollutants for which air quality standards have been issued., These po� 
are those for which the emissions cause or contribute to air pollution which may reasonably be 
anticipated to endanger public health or welfare. Presentfy these are carbon monoxide, hydrocar";. 
bons, nitrogen oxides, particulate matter, photochemical oxidants, sulfur oxides and lead. 

crysbI �e: A lattice from which the structure of a crystal may be obtained by associating with 
every lattice point an assembly of atoms identical in composition, arrangemen� and orientation. 
Also known as lat!:ce; space lattice. 

deadhead: To begin a new cut without excavating the material from the previous cut. 

deposit: Consolidated or unconsolidated ma,terial that has accumulated by a natural process or 
agent. 

discharge: Waterborne pollutants released to a receiving stream directly or indirectly or to a sew
age system. 

edaphk: Of or pertaining to soil factors such as salinity and drainage, especially as they affect liv
ing organisms. 

effluent: The liquid waste of sewage and industrial processing, usually containing chemical, physi
cal, or biological materials. A liquid that is discharged from a containing space or a main waterway 
into navigable waters, the waters of the contiguous zone or the ocean. 

elutriate: To separate or purify; for example, to separate ore by washing, decanting, and settling. 

emission: Gasborne pollutants released to the atmosphere. 

environment (human): Includes the natural and physical environment and the relationship of 
people with that environment. This includes ecological, aesthetic, historic, cultural, economic, 
soda I, and health values. 

estu<ary: A semi-enclosed coastal body of water which has a free connection with the open sea 
and within which sea ·,vater is measurably diluted with fresh water. Also known as a branching bay; 
drowned river mouth; firth. 

fluoride: Any binary compound of fluorine with another element. 

foliu deposltJon: The settling out of particles in the air onto foliage surfaces. 

fossil fuel: Remains or traces of a prehistoric plant or animal found in the earth, rocks, etc., serv
ing as a fuel (examples :  coal, lignite, peat, oil, natural gas). 

ha: (Abbreviation for hectare) A u r.it of area in the metric system equal to 247 acres or 
10,000 square meters. 

hydrocarbon: Any of numerous organic compounds that contain only carbon and hydrogen. 
Their importance as air pollutants rests almost entirely on their role as precursors of other com
pounds formed in the atmospheric photochemical system and not upon direct effects of hydrocar-
bons themselves. 

G.2 
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Impads: Includes e<..>logical (such as the effects on natural resources and on the components, 
structures, and fUJictioning of affected ecosystems). aesthetic, historic, cultural, economic, sodal, � 
health effects whether direct, indirect, or cumulative. 

Innocuous: Having no adverse effects; harmless, innocent. 

intermittent: Stopping and starting at intervals. 

interpolation: To determine a value of (a function) between known values by a function or 
algorithms. 

ionizing ri!ld�tion: Radiation capable of r�(odudng ionization, including energetic charged parti
cles such as alpha and beta rays and nonparticulate radiation such as X-rays and neutrons. 

labile: Readily or continually undergoing chemical, physical, or biological change, breakdown or 
decomposition. 

LC.: A toxicological term indicating the concentration of a chemical which is lethal to 50% of a 
test population over a specific tim-; period (i.e., 24, 48, or 96 hours). 

IeKhate: The solution containing suspended or soluble material removed from the soil or waste. 

mercaptan: Any sulfur-containing organic compound with the general formula RSH, R being any 
radical. 

mitipted: To avoid, minimize, rectify, reduce, eliminate, or compensate for negative impacts. 

neldon: Free-swimming aquatic animals, essentially independent of water movements. 

nitrogen oxides (or oxides of nitrogen): All oxides of nitrogen except nitrous oxide as measured 
by test methods prescribed by EPA. 

nonaHainm�nt area: A geographical region that does meet NAAQS for a specific air pollutant. 

NSPS, water: New Source Performance Standards; regulations establishing Federal standards of 
performance for new sources which provide for the control of the discharge of pollutants which 
reflects the greatest degr :!e of effluent reduction which the Administrator (of the lISEPA) deter
mines to be achievable through application of the best available demonstrated control technology, 
processes, opErating methods, or other alternatives including, where practicable, a standard permit
ting no discharge of pollutants. 

Nsps, air: New Source Performance Standards; a National emission standard for a hazardous air 
pollutant for any new stationary source, the (.onstruction or modification of which is commenced 
after the publication in the Federal Register of proposed national emission standards. 

outcrops: An exposure of bedrock or strata projecting through the overlying cover of soil. 

particulate maHer: Any finely divided solid or liquid material, other than uncombined water, as 
measured by methods specified by the EPA. 

percolation: Gravity flow of ground water through the pore spaces in rock or soil. 

G.3 
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phoIochemkal oJddant: Any of the chemicals which enter into oxidation reactions in the pres
ence of lisht or other radiant energy. Products of atmospheric pollutants, nitrogen oxides (NOxJ, 
oxygen, and sunlight. They consist mostly of ozone, NO, and peroxyacetylnitrate (PAN). 

plankton: Small, mostly microscopic plants, and animals, which passively move in or on the water 
column. 

prom�e: To make known (a decree, law, or doctrine) by public declaration; to announce offi
cially; to put (a law) into effect by formal public announcement. 

prototype: A type, form, or instance th�t serves as a model. 

pyrolysls: Chemical change caused by heat. 

radon: A colorless, radioactive, inert, gaseous element formed by the disintegration of radium. 

residual coefficients: Quantity of a pollutant released by an industry or source per unit produc
tion (Ib/unit). 

scenario: A hypothesized set of circumstances or chain of events. 

sorption: The taking up and holding of a substance, as by adsorption or absorption. 

sulfur oxides: The oxides of sulfur, their acids, and acid salts. Sulfur oxides are common atmos
pheric JXlllutants which arise mainly from the combustion of fuels. 

thlxotrophy: A property exhibited by certain gels, which liquify when subjected to vibratory for
ces, such as ultrasonic waves or even simple shaking, and then solidify again when left standing. 

ton: A unit of weight in the U.S. Customary System, an avoirdupois u nit equal to 2000 lb. 

total suspended putkulate (TSP): Total mass of particulate matter suspended in a unit volume of 
air or water. 

trophic: Pertaining to or functioning in nutrition. 

water poUutant: Dredged spoil, solid waste, incinerator residue, sewage, garbage, sewage sludge, 
munitions, chemical wastes, biological materials, radioactive materials, heat, wrecked or discarded 
equipment, rock, sand, cellar dirt, and industrial, municipal and agricultural waste discharged into 
water. 

wind rote: A diagram in which statistical information concerning direction and speed of the wind 
at a location may be summarized; a line is drawn in each of perhar-s eight compass directions from 
a common origin; the length of a particular segment is proportional to the frequency with which 
winds blow from that direction; thicknesses of a segment indicate frequencies of occurrence of V3r
ious classes of wind speed. 

G." 

. - :::' :;'�� " · ·1 
<{ 



�::�7''"T�::,:t\?::>�' . 
! ;':, ;. 

APPfNDlX H 

Air Quality Modeling 



-�� 
<': � < " 

AIR QUALITY MODB.ING 

NnODUCTlON 

Air q uality impacts were quantified for this study usinS atmospheric dispersion models. The models 
employ release characteristics and local meteorological conditions to provide estimates of ground
level pollutants. 

Computed changes in air quality are ... �ful both to quantify potential impacts and to demonstrate 
the degree of compliance with air quality laws and regulation!;. This appendix gives the assump
tions, models and detailed results of air quality modeling for the stack and fugitive dust releases. 
This analysis was conducted during 1980 and reflects the available monitoring data and regulations 
at that time 

Air-quality regulations are normally applied on a single-site basis. Since two sites are being evalu
ated in this document, the approach here is to evaluate separate site impacts and then a combina
tion of air quality impacts for the fuel conversion scenarios. The same approach is used for the PSO 
increment consumption. Under current PSD rules, the combined SOl and TSP increment consump
tions cannot exceed available increments or applicable NMQS. 

Computed highest and second highest air concentrations are used for comparison with NAAQS. 
Potential PSD increments are computed for attainment areas. Air quality impacts in non-attainment 
areas are required to be less than the level of modeled significance (de minimis level) as defined by 
EPA (1980). No PSD increment is allowed in areas in non-attainment for SOl and rc;P. 

The modeling assumptions of air-quality impacts and PSD increments d iffer in some cases. The PSD 
incorporates a defined modeling procedure that provides consistency between applications. For 
specific sites, a better estimate of .. ctual impacts may be obtained using more detailed models 
a;'ld/or actual release parameters than specified for PSD increment modeling. This may result in 
higher or lower air concentrations depending on the applications. 

The computed magnitudes of PSD consumption depend on PSD baseline definition. By current 
rules for PSD baselir.e, the impacts of prior operations (this includes planned operations for Bran
don Shores) are included in the baseline. Failure by BG&E to make timely construction progress on 
Brandon Shores could conceivably change the status of these units.ca) This indusion in baseline 
applies primarily to stack emissions since the coal and fly ash fugitive emissions are new sources 
with the exception of those from ex:sting coal operations at Wagner. 

The models and assumptions that were used for computing stack emission impacts are listed 
below: 

Plant EPA Model Options Meteorological Data Sources 

Brandon Shores CRSTER Rural Surface Observations - Baltimore 
Airport, 1964-1968. 

Upper Air Data - Dulles Interna-
Crane CRSTER Rural tiona I Airport, 1964-1968. 

These surface meteorological data are summarized in Table H.1. 

II) letter 'rom Rkhard D. Wilson, Environmental Protection Agency, t o  Robert Davies, .omic Regulatory Administ"tion, 

Dated March 3, 1960. 

H.1 
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TADlE H.1. Annual Frequency Distribution of Wind Speed and Direction as a Function of Atmospheric Stability at 

Baltimore, Maryland 

Wind Direction 

Wind Speed, Atmospheric 
Mileslhr Stability N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Calm Total 

- -

O to 3 Very Stable 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.1 0.1 0.2 0.3 0.1 0.1 0.1 0.6 2.2 

Moderately Stable 0.2 0.1 0.1 0.2 0.2 0.1 0.1 0.2 0.3 0.1 0.1 0.2 0.3 0.2 0.1 0.1 '.1 3.9 

Neutral 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.2 0.6 

Unstable 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.3 1.5 

.. to 7 Very Stable 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Moderately Stable 1.2 0.6 0.8 0.8 1.4 0.7 1.0 1.2 ".2 1.1 1." 1.8 5.6 2.1 0.8 0.7 0.0 23.6 

Neutral 0.3 0.2 0.3 0.3 0.6 0.3 0." 0. .. 0.5 0.3 0.3 0.3 0.9 0.3 0.2 0.2 (l.0 5.6 

Unstable 0." 0.2 0.3 0.4 0.7 0.3 0.4 0.3 0.5 0." 0." 0.5 0.7 0." 0.3 0.3 0.0 6.6 

8 to 12 Very Stable 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Moderately Stable 0.4 0.1 0.2 0.1 0.1 0.1 0.1 0.3 G.4 0.3 0." G.6 2. .. 1." G.9 0.5 0.0 8.3 

Neutral 0.8 0.6 1.0 0.9 1.6 0.5 0.8 0.9 1.2 0.7 0.8 0.8 1.7 1.1 1.2 0.8 0.0 15.2 

Unltlble 0.6 0.3 0." 0.6 1.3 0." 0.7 0.6 1.0 0.6 0.9 0.8 1.3 0.8 0.7 0.6 0.0 11.6 

13 to 18 Very Stable 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Moderately Stable 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 

Neutral 0.7 0." 0.6 0.5 0.7 0.1 0." 0.5 0.6 0.6 1.0 0.6 2. .. 2.9 2.3 1.1 0.0 15." 

Unstable 0.1 0.0 0.1 0.0 0.1 0.0 0.1 0.1 CJ.1 0.1 0.1 0.1 0.3 0.2 0.2 0.1 0.0 1.7 

19 to 24 Very Stable 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Moderately S(able 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Neutral 0.1 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.7 1.1 0." 0.1 0.0 3.0 

Unstable 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 /).0 0.0 0.0 0.0 0.0 0.0 0.1 

Over 2 .. Very Stable 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Moderately Stable 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Neutral 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 

Unstable 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total Very Stable 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.1 0.1 0.2 0.3 0.1 0.1 0.1 0.6 2.2 

Moderately Stable 1.8 0.8 1.1 1.1 1.8 0.9 1.3 1.7 3.1 1.6 2.0 2.5 6.3 3.7 1.8 1.3 1.1 26.0 

N(.utral 1.9 1.2 1.9 1.8 2.9 0.9 1.6 1.9 2." 1.7 2.2 1.8 5.9 5.7 ".1 2.2 0.2 40.3 

Unltlblt 1.2 0.6 0.8 1.2 2.2 0.8 1.2 1.1 1.7 1.1 1.5 1.5 2.5 1.5 1.3 1.0 0.3 21.6 

Note: Based on data from National Climatic Center · Yea" 1S64 to 1969. 
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The CRSTER model is an EPA-approved model for these appliati0n5. It uses a CiauIsian diffuNon -: , 
model with disperson p.lrameters as a function of atmospheric stabt1ity and downwind distance. 
The use of the meterological data fr -,m the nearest airports is a standard application of this mo",� 

The stack emissions for Brandon Shores ,lOci Crllne based on � factors of � 7$1J{., and lOOl!t were 
run for the meteorological conditions measured during 1964 to determine the worst-case loading 
factor. In previous stack emissions impact modeling, tNt year w� dearly the � year from a 
meteorololical standpoint for the Brandon Shores (Brower 198Oa) and er- fKilities � f!llllGb). 

Air concentrations were computed over 15 arcs for 36 directions. The followi,. are the distances P.': 
kilometers used in each analysis: 

Brandon Shores - Air Quality and PSD: 
0.8, 1.0, 1.3, 1.7, 23, 3., "., 6., 8., 12, 16., 23., 32, 41., SO. 
u,ne . Air Qu.llty lind PSD: 
0. •• 1.0. U. 1.7. 2.3. l.0. 4,. 6..' .• 12.. 16.. 2l.. 32_. 41.. 50. 

Computations were made for all these distances for the year 1964. Then, based on these results, 
only an inner set of arcs were used to define maximum values for the other years. 

Whether rural or urban dispersion coefficients are more appropriate for these facilities is a difficult 
question. The fadlities' proximity to the Baltimore metropolitan area suSBests the pos5:billty of 
hat-island effects. On the other hand, the areas immediately surrounding the stacks (where the 
maximum concentrations occur) are characterized as relatively flat sites adjacent to large areas of 
water. Application of the applicable proposed guidelines (EPA 1980), based on land use, gave rural 
ratings to both facilities. Based on this result, all the units were modeled with rural dispersion 
coefficients. 

Air-Quality Computations: Tables 4.1 and 4.2 contain the emission and stack data used in computa
tions of potential air quality impacts. To demonstrate the range of concentration as a function of 
load factors, emissions for 100%, 75% and 50% load factors were modeled for one year (1964) for 
each of the units for Scenario 3. Slight variations in exit conditio,.� may change the concentration 
distributions somewhat for the other scenarios, but the overall comparison of load factors should 
not change. All the concentrations reported in this Appendix for air q�lities are the contributions 
from the stacks alone. These are added to background values to predict ambient concentrations 
liven in the main text. 

Brandon Shores Units 1 and 2: The air quality computations are based on the actual stack height 
and emission characteristics given in Table 4.1. The l00%-load factor produced the largest c0m
puted air concentrations (Table H.2) and was used in the more detailed five-year analysis reported 
in Table H.3 for S02 and Table H." for TSP. These tables show the changes in concentration from 
the operation of the units with no background component added. 

C"ne Units 1 lind 2: The emission f,letors for Crane units in Tible 4.2 "I!fe used ro compure rhe ",-.dieted 501 lind TSI' cOtJ
cenr"tion chiln,es Biven in Tibles H.S lind H.6. In Tible H.2. Crane operllrions wlrh � Ic»d f«ron produced slirhly ,.,.,. 

computed cOllCenr�ion r�n rhe 100% Ic»d f,letor. As II resu/r. I det,liled IIl1ii1/ysis is BiYoen fM bod! rhe fOO'l5 .nd 7S% asa 
in TlIblf- H.S. No bildcgrouncl component hils been ilclded. nor hils rhe cu"enr operlItlom component been M;btrKted from 
rhese "'1lues. 

Annual computed maximum NOx concentrations are given in Table H.7. Three-hour predicted 
mJximum NO" concentrations in Table H.8 are presented for impact anaJy.:� in the absence 01 any 
current short-term standard for NOx' NOx concentrations are the sum of NO plU$ NOJ. Back
ground estimates are not included in these values. 

H.3 
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TAiU tU. Corroparison of Load Factors for 1964 of Predicted CMnies in SOl Concentration for 
Brandon Shores and Crane(a) 

load Highest Highest Serond High Hishest Second HiBh  
�Kility Factor An�1 24-Hour 24-Hour 3-Hour 3-Hou,. 

Brandon Shores(b) l00'K. 1.8(9,6) 79(10,1.7,181) 61 110,1.7,192) 634(10,1.7,181,4} 490(10,1.7.192.4) 
75'JI; 0.6(9,4) 22110,1.7,181) 16(10,1 .7,192) 174(10,1.7,181,4} 130(10.1.7.192.4) 
S'J'r. 0.6(9,4) 19(10,1.3,181) 12110,1.7,192) 152110,1.3,181 ,4) 97I1O,1.3,1!2.4t 

craneCc} 1OP. 6.J(10,4.0} 119(10,1.3. 1&1) 90(27,3.0,125) ;51nO,1. 1. �!I.4} 615(10.0,192,41 
75'J' 6.9(9.].0} 127(19,2.3.212) 96(27,2.3.12S) 97l(10.1.3. 1 &1. 4} 628(16.0. �41 
S/$ 5. 9(10,3.0} 116(10.1.0,111 } 1O(10,1.3.192} 922(10,1.0.111.4) 585(10,1.0.192.41 

la) Values in PSlmJ for Scenario 3 with 1964 meterologial data are followed by direction (ten� of degrees from 
north), dislance Ikm), Julian Day, and time period a� ar::x-opriate. 

(b) Units 1 and 2 u�n8 EPA CRSTER Model, rural option. 
(e} Units 1 and 2 11s;ng EP .... CRSTER Model, rura/ oplion. 

T.uu tLl. Computed Maximum Chanles in SOl Ground-level Concentrations from Brandon 
Shores(a) 

Highest Highest Second High Highet Second tfish 
Scenario Year Annual 24-Hour 24-Hour 3-Hour 3-Hour 

1.2 1964 0.6(9.1',) 18(26,1 .7,123) 14(27,1.7.180) 121 (7,1.0,128,5) 112(27,1.7,125,4) 
15165 0.5(10,8) 19(15,1.7,199) 12(10,8.0.21<4) 110(7.1.3,1';3,4) 80(7,1.7,228.5) 
1966 0.4(7.&) 20(28,1.7.218) 14(29.1.7,218) 125(5,1.7,174,5) %(29,1.7.1-0,..) 
1967 0.4(10.81 14(12.1.7,230) 10(12,1.7,150) 110(12,1.7.230,5) 82(12.1.7,150.4) 
1968 0.5(12,8) 25(9,1.7,18<4) 13(8,1.7,203) 154(27,1.7,187,<4) 99(6,1.7,203,.5) 

3,5 1964 1.8(9,6) 79(10,1.7,181) 61(10,1.7,192) 634(10,1.7,181,4) <490(10,1.7,192.4, 
1965 1 .4(9.6) 38(15,1.3,199) 22(7,1.3,.2.28) 27 4{25, 1.3, HO,5) 172(7,1.J.ll8.5) 
1966 1.3(7,4) 38(5,1.3,174) 29(2,1.3,171) 306(5,1.3,174,5) 211(4,1.3.174.5) 
1967 1.2(4,6) 41(10,1.3,197) 25(10,1.3,156) 327(10,1.3,197,4) 201 (10,UJ56,4, 
1968 1.6(12,6) 64(25,1.3,170) <45(9,1.3,167) 337(7,1.3,203,5) 281(9,1.3.177.4) 

1964 1.9(9,4) 61(10,1.7,181) 45(10,1.7,192) 483(10,1.7,181,4) 3<47(10,1.7,192A} 
1965 1.3(10,4) 33(15,1.0,199) 27(9,4.0,225) 223(15,1.7,1 23,4) �74(14,l.0,22l5AJ 
1966 1.3(7,4) 55(15,3.0,175) 3<4(H,3.0,236) 290(5,1.3,17<4,5) 173(2,1.0,171,5) 
1967 1.2(4,4) 35(10,1 .0,197) 23,:!5 3.212) 280(10,1.0,197,4) 160(6,1.0.125.5) 
1968 1.3(12,4) 68(25,1.3,221) 47(25,1.3,170) S46(2S,1.3.221,<4} 261(21,1.3,177,4) 

\a) Usins EPA CRSTER Model, rural mode. All values are for l�, load factor. Each entry con�sts of COncentrr 
lion (pJImJ) with additioNl data as appropriate; direction (len� of degrees from north), di�tilnce (km), Ju\� 
Day. and time period. 

MDimum concentrations of other pollutants listed in Table!- 4.1 and 4.2 may generally be obtained 
by factorinS emission rates with pollutants for which concentrations are presented allOve. These 
are based on �ive dispersion with no chemical cMnles or settling. The particle controls result in  
releases consistinl of primarily small particles that can be considered passively dispersed. Note. 
however. that performing this factorinl for the particulate pollutants may give unrealistically high 
values. Particulate emissions other tMn TSP are based on current stack controls. Extension to con
�n e�ons requires the definition of the controls r�uired to meet the relulatory maximum 
TSP emission. If the control equipment must be upgraded. then emissions and computed concen
trations should be correspondinlly reduced. 
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TAiLE H.4. Computed Maximum Changes in TSP Concentrations from Brandon st.cres(a) 

Scenario Year Highest Annual Highest 24-Ht. Jr Secnnd High 24-Hour 

1,2 1 964 0.04(9,8) 1.1 (26,1.7,123) G.C(27, 1.7, 180) 

1965 0-03(10,8) 1.1(15,1.7,199) 0.7(10A214) 

1966 0.02(7,6) 1.2(28,1.7,218) 0.8(29,1.7,218) 

1967 0.02(10,8) 0.8(12,1.7,nO) 0.6(12,1.7,lSJ) 
1968 0.03�12,8) 1.5(9,1.7,184) 0.8(8,1.7,203) 

3,5 1964 0.07(9,6) 3.1(10,1.7,181) 24(10,1.7,192) 

1965 0.05(9,6) 1.5(lS,1.:U99) 0.9(7,1.3,22..;) 

1%6 0.05(7,4) 1.5{5,1.3,174) 1.1 (2,1.3,ln) 
1967 0.05(4,6) 1.6(10, 1 .3,197) 0.8(10,1.3,156) 
1968 0.05(12,6) 25(25,1.3,170) 1.8(Q,l.3,167) 

1 964  0.11 (9,4) 3.6(10,1.7,181) 21;(10,1.7,192) 

1965 0.08(10,4) 1.9{15,1.0,199) 1.6(9,4.0,'-25) 
1966 0.06(7,4) 3.2(15,3.0,175) 20(14,3.9,236) 

1967 0.07(4,4) 24(10,1 .0,197) 1.3(25,1.3,1701 
1968 0.08(12,4) 3.7(25,1.3,271) 27(25,1.3,110) 

( .. ) Using EPA CRSTER Model, rural mode. AU ..... iues 01 p. for 100% load facior. Eii.:h entry consists of concentra
tion (pg/m)) with additional data as appropr!'1te; direction (tens of aegrees frern north), distance (km) and 
Julian Day. 

TABi.E H.5. Predicted Maximum SO, Cc.ncentration Changes fro" Crane Units 1 an? z(a) 

Highest Highest 5I>ccnd High Highest Second High 

Scenario Year Annual 24-Hcur 24-Hour J-Hour 3-HOIif 

i:�d factor) 
1 (100%) �964 22(10,4.0) 40(1",1.3,101) 30(27.3.0,125) 324(10,1.3,181,4; 210(10.1.3,·;:f2.4) 

1965 2.2(11.8.0) 36(9.3.0.251) 32(10,3.0,214) 149(19,2.3,112,4) 135(13,1.7,206.4) 

1966 1.8(11,8.0) 53(15,2.3.1 75) 3!. 14,2.3.236) 220!5,l.0,174.5) 129(18,4.0,22S.3) 

1967 2.0(11,8.0) 39(20.3.0.223) 23(10.3.0,261) 214{10,1.0,197,-4) 128(10.23,2Gl,4) 

1968 ".4(11,8.0) 56(20,1.3,157) 33(20,3.0.224) . 448(20, 1 3,1 57,4) 221(19,1.3.228,4) 

2,3,4,5 1964 6.3(10,4.0) '119(10,1.3,181) 90(2 7,3. �,125) 951(10,1.3,181,4) 615(11),1,3,1'}2.4) 

(100%) 1965 6.2(11,8.0) 105(9,3.0.251) 96(10,3.0.214) 439(H,2.J,l12,4) 396(13.1.7,206.4) 

1966 5. 2(11.(l. 0) 158(15,2.3,175) 103(14,2.3,236) 647(5,1.0,174.5) 378(18,4.0.225.3) 

1967 5. 9(11,8. rJ) 114(20.3.0.223) 6�10,3.0,261 ) 628(10,1.0,1�7,4) 376(10,23,201,4) 

1968 6.9(11,6.0) 164(10.1.3,157) 98(20,3.0,224) 1312(20,1.3,157,4) 6413(1 r::, 1.3,128,4) 

2,3,4.5 1164 6.9(9,3.0) 127(19,23,212) 96(27,2.3,1 7�) 973(10,1.3,181,4) 62'{16.1. ',192..) 

(75%) 1965 6.6(11,6.0) 112(9,2. J,251) ,OOt 10,l.3,nO) 57�8.3.0,47, 'I) 445(33,23,145.5) 

1966 5.7(11,6.0) 173(15,1.7,175) '''�;�,:;'.j. ,36) 676(5,1 0,174,5) 425(28,1.1,254.5) 

1967 6.3(11.6.0) 119(20,2 .. ' 2n 76(10.3.0,261) fS5(10.0.8,197,4) 393(1C!,23,201.4) 

1968 7.4(11,4.0) 21J(lil.1 . ,157) 106i2".2.3,22�,\ 1123(20,1.3,157) 580(2(1.1.3,157.3) 

.� - " � �" ' �:-='!"" ·-·--·-f -.-. 

.. -./ :.�����.'. 

(iI) USing EPA CRSTER Model, fUfill mode. All values .are the 100% load factors ex cep/ the .<cenarios note:: as 75%. EKh entry 

consists of concentration (�/m)) with additional ·jata as appropriate; direction (tens of degrees Irom rio;tll), distanCe (km), 

Julian Day, and time period. 
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TAC,U H.6.. Computed Mnimurn Changes in TSP Concenrntions from Crane Units 1 and 2!a) 

Scenarios Year Highet Annual Highest 24-Hoor Second High 2�Hoor 

1964 0. 06(1Q.4. 0) 1.1(10,1.3,181) 0.8(27,3.0,125) 

1%5 0.0.(11.40) 1.�9,l.O,251) 0. 9(10,3. D.214) 

1966 o. 05(1UO) 1.4(15.23,175) 0.9(14,2.3,236) 

1967 0.05(11.40) 1.1 (2O,.l.0.223) 0. 6(1 0.1. 0.261) 

1963 0.07(11.40) 1.5(20.1.3,157) 0. 9(20.1. 0,224) 

2,3.4.5 1964 0. 09(1 J.4. 0) 1.7(10.1.3.181) 1.3(27,1.0.125) 

1965 0. 09(11.4 0) 1.5(9..3.0,251) 1.3(10.1.0.214) 

1966 0.07(11.40) 22(15,2.3.175) 1.4(14,2.3,236) 

1967 0. 0lI(tJ.4 0) 1.6(20..3.0.223) 1.�10,l.O.261) 

1963 0.1�1.6.0) 2.3(20.1.3.157) 1.4(20.1.0.224) 

(a) Using EPA CRSTER Model. rural mode. All YJ//ues are for 100% load factors. EKh entry consists of con
cenlration (�mJ) followed by !he direction (tens 01 degrees from north) and distance (lem); rhe Julian 
Day is given for rhe 2�hour values. 

Tlble H.7. Computed Maximum Annual NOx ConcentratiOll.�hanges 

Brandon Shores(a) 'Cr�ne(a) 

Scenario Year U nits 1 and 2 Units 1 and 2 

1 1964 0.2(9,8) 3(10.4) 

1965 0.2(10,8) 1.3(11.8) 

1966 0.2(7,6) 1.�1.8) 

1967 0.2(10,8) 1.1(11.8) 

1968 0.2(12.8) 1.4(11.8) 

2 1964 0.2(9,8) 3.9(10.4) 

1965 0.2(10,8) 3.9(11.8) 

1966 0.2(7,6) 3.3(11,8) 

1967 0.2(10,8) 3.7(11,8) 

1968 0.2(12,8) 4.3(11,6) 

3,5 1964 1.0(9,6) 3.9(10.4) 

1965 0.8(9,6) 1.9(11.8) 

1966 0.8((7,4) 1.3(11.8) 

1967 0.7(4,6) 3.7(11,8) 

1968 0.9(12,6) 4.3(11,6) 

4 1964 1.7(9,4) ).'J(10,4) 

1965 1.1(10,4) 3.9(11,8) 

1966 1.1(7,4) 3.3(11,8) 

1967 1.1(4,4) 3.7(11,8) 

1968 1.1 (2,4) 4.3(11,6) 

(a) Using EPA CRSTER Model, rural mode. All values are 
for 100% load factol'5. Each entry consists of concentration 
(JIg/ml) with direction (tens of degrees from North), dis-
tance (km), Julian Oiry, and time period. 
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TABU tU. Computed Maximum 3-Hour NOx Concentration Changf"S 

Brandon Shores(a) Crane(�) 

Scenario Year Units 1 and 2 Units 1 �nd 2 

1 1964 45(7,1.3,1 28,5) 183(10,0.4,10.7) 

1S65 41(7,1.3,163.4) 84(13.0.4.240.6) 

1 966 47(5.1.7,230.5) 12S(13.0.4.92.5) 

1967 41 (12.1.7,230,4) 121(8.0.4.291.8) 

1958 58(27,1.7,187,4) 254(20.1.2.157,4) 

2 1SG-1 45(7,1.3,1 2(1,5) 594{10.0.6.20.7) 

1965 41(7,1.3,163,4) 274(13.0.4,240.6) 

1%6 47(5,1.7,230.5) 404(16.0.4.129.7) 

1967 41(12.1.7,230,4) 392(8.0.4.291.8) 

1968 58(27,1.7,187,4) 819(20.1.2.157.4) 

3.5 1964 3n(10,1.7,181,4) 594(10.0.6,20.7) 

1965 160(23,1.3,140,5) 274(13.0.4,240.6) 

1966 178(5.1.3.175,5) 404(16.0.4.129.7) 

1967 191(10,1.3,197,4) 392(8.0.4.291.8) 

1968 197(7,1.3,203,5) 819(20.1.2.157.4) 

4 1964 423(10,1.7,181.4) 594(10.0.6.20.7) 

1965 196(15,1.7,123.4) 274(13.0.4.240.6) 

1966 254(5,1.3,174,5) 404(16.0.4.129.7) 

1967 245(10,1.0,193,4) 392(8.0.4.291.8) 

1968 478(25.1.3,221,4) 819(20.1.2.157.4) 

(a) Using fP.A. CRSTfR Model. rural mode . .A.1/ values .'re the 100% load f�Clors elCcepf. the 

scenarios noted as 75%. fach entry consists of concentration (pg/mJ) with additional chta as 
appropriate; direction (tens of degrees from North). distance (km). /u/ian Day. �nd time 

period. 

Combined Alr-Quaiity Computations 

This section presents maximum combined impacts for each scenario. The following description of 
the technique used applies also to the combined PSD computations discussed in a later section. 

The analysis is based on a telescoping data retrieval method. The outputs of the individual plant air
quality impact computations are stored in a data base. Then the impacts of the operations of multi
ple units are summed over the time scales of interest on a variable-space scale to define maxinum 
potential impacts. 

More specifically, for the air-quality analysis, binary packed files of the 3-hour, 24-hour and annual 
air concentration for 1 964 were created using CRSTER for the Brandon Shores and Crane units. Maxi
mum values for each time period were summed over the annual cycle on a 10 x 10 square grid over 
the region with 10-km grid spacing. Then if necessary, grid areas with the high concentrations can 
be recomputed with a 1-km grid spacing. Then, as required, the maxima can be further recomputed 
with a O.1-km grid spacing. 

This approach allows the maxima from each facility to be modeled in detail Qn a grid appropriate to 
each facility, and then these computations can be overlayed in space and time to define maximum 
values. Fifteen arcs with 36 directions were used at each facility to define maxima as  described in 
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the preceding air-quality section. A finer spacing of computation distances is used where concen
trations change rapidly close to the release, and a progressively wider spacing is used at greater dis
tances where the concentrations do not change as rapidily. At grid points intermediate between 
computation points the closest value is' adopted. 

' .  This method overcomes the problem of defining maximum values on detailed grids \"::th reasona
ble computation time. The method provides conservative estimates of overlap on the larger grid 
spacings, and realistic estimates on the finer grid spacings. 

Combined air-quality computations made for the S02 con=entrations in the scenarios illustrate the 
extent of potential plume combinations. Although the coarse grid values are not necessarily limit
ing from an air-quality regulatory viewpoint, these numbers are useful for overall impact evalua
tion. The fine grid values derived below for the PSD increments are applicable for investigating 
compliance with regulations. 

PSD Increment Computations: As noted above, the procedures for PSD increment (PI) computa
tions were not identical in all cases to the air quality comput3tion. 

For Brandon Shores, the actual stack height exceeds the Good Engineering Practices (GEP) stack 
height. PSD increments are based on the more conservative use of GEP stack height. for Crane, Ihe alr
qua lily and PSD aSJUmplions are idenlica/. Although there appears to be no dearly defined rule, the cur
rent practice is not to use building effects when computing PI. 

The availability of PI depends both on previous consumption by PSD permits and on the require
ment that none of the computed concentrations can violate NAAQS. 

Monitored data near the various units are used to define the PSD baselines. The sum of the base
line and the conversion increments are compared with NMQS to determine available increments. 

PSD increment consumptions cannot exceed available increments. In addition, the remaining 
increments indicate the future availability for consumption by other sources. 

Fuel conversion Scenario 1 represents the oil-fired air quality impacts of the status quo. For Crane, 

These are also, induded in Ihe PSD ooseline. For a fuel conversion at Brandon Shores, baseline PSD concen
tration is to be based on the original emission permit. Since this specified fu.isil fuel at 589K exit 
temperature' from the boiler, EPA has indicated that coal emiSslons may be used to define the PSD 
baseline for stack emissions at the original exit temperature(3). Since the stack emissions with the 
coal have a lower exit temperature, the change in location of maximum pollutant concentrations 
will result in PSD consumptions, even if total emissions are the same. 

These definitions of PSD baselines are used to define the extent of potential PSD consumptions 
using the best and most current information. Applicable consumptions may differ. These represent 
an acceptable procedure for defining PSD increments based on current rules and practices. 

The PSD increments (PI) for stack emissions are computed as the difference between air concentra
tions (at each point in space and time) with the plants converted and not converted. 

(a) letter from Richard D. Wilson, Environmental Protection Agency, to Raben Davies, Economk ;,egulatory Administration, 
Dated March 3, 1980. 
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For the individual plants; 

and for the total consumption : 

PITotal = PIa + PIC 

. --- - '-- ' .�:�: 

r ,� . 

where all quantities are expressed in units of pg/ml; n is the subscript for Scenarios 2 to 5; b is the 
subscript for the baseline value; and the letters B and C refer to ground-level concentrations of the 
regulatory pollutant concentrations from Brandon Shores VId Crane, respectiVely. The largest value 
of PI that occurs at any time or location is the limiting value in terms of PSO compliance. No con
sumption occurs for the no-action Scenario 1, or for Bran�n Shores in Scenario 2 

The total emissions at each site were modeled to check for compliance with NAAQS. As long as the 
modeled increment plus background is below NAAQS, full  increment is assumed to be available. 

Tables H.9 to H.11 give the computed single station PSD increments, locations, and times for Bran
don Shores and Crane. For each case, the total concentrations (monitored plus computed) were com
par ed with NAAQS. The amount of PI was not found to be limited by failures to meet NAAQS. The 
only cases of non-compliance were ones where the computed PI exceeded the available PI (or de 
minimis value in the non-attainment area). 

PSD increments and the total maximum changes in air quality were computed for SOl emissions at 
50%, 75%, and 100% load factors in Scenario 2 at each station using the 1964 meteorological data 
(Table H.2). 

Brandon Shores had maximum PI at 100% load factors. The totals and increments were identical for 
B randon Shores, with the exception of a slight displacement of the location ot" maximum annual 
values. This is because the ba�eline maximum impacts occurred about a factor of two further 
downwind than the conver�ion impacts; no significant overlays of plume:; occurred under the max
imum increment conditions. The five-year detailed PI at Brandon Shores were based on 1 00% load 
factors (Table H.10). 

Crane had maximum increments for 75% load factors based on 1964 data for Scenario J for all values except one; hifhest 
annual SO, occurred for 100% load factors (Table H.9). Both 100% and 75% load factors were rhen used to compute max;" 
mum values for the four other years of meteorological data for the other secnarios. The differences between the resulr5 
were small; 100% load factors were selected to compute typical maximums for the other scenarios at Crane (Table H.l1). 

Combinations of the PSD increments were studied using the technique described for the combina
tion of air quality values in the preceding section. These are conservative estimates based on 
adding in each time step the maximum highest and second h ighest values from each conversion 
within 1-km2 squares over the region. Since actual consumptions may be less depending on where 
the maximums occur within the 1-km2 areas, a case study was conducted using O.01-km2 areas. 

One set of assumptions and one year 0; data were used to study the potential plume combinations 
in the scenarios. Table H.12 based on 100% load factor� for 1964 shows that none of the combina
tions of Brandon Shores and Crane plumes were very significant. Only the combined maximum 
annual values S,10Wed any overlap. 
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TABlE H.9. Computed PSD Increments and Total Concentratins of S02 as a Function of 50%, 75%, 
and 100% Load Factors Based on 1964 Meteorological Data for Scenario 3(a) 

load Highest Highest Second High Highest Highest 
Station Units Factor Annual 24-Hour 24-Hour 3-Hour 3-Hour 

Brandon Shores{b) 1,2 100% 2{11,4.0) 81{10,1.7,181) 63(10,1.7,192) 644{10,1.7,181,4) 496{10,1.7,192,4) 
Increments 1,2 75% 1(11,4.0) 22{10,1.7,181) 17{10,1.7,192) 178{10,1.7,1 81,4) 132{10,1.7,192,4) 

1,2 50% 1(11,4.0) 2O{10,1.3,181) 1 3{10,1.7,192) 1 58{10,1.3,181,4) 101 (10,1.3,1 92,4) 

Brandon Shores{b) 1,2 100% 2{9,6.0) 81{10,1.7,181) 63{10,1.7,192) 644{10,1.7,181,4) 496{10,1.7,1 92,4) 
Total 1,2 75% 1{9,4.0) 22{10,1.7,181) 17{10,1.7,192) 178{10,1.7,181,4) 132{10, 1.7, 192,4) 

1,2 50% 1(11,4.0) 2!l{10,1.3,181) 1 3{10,1.7,192) 158{10,1.3,181,4) 101{10,1.3,192,4) 

Crane (c) 1 ,2 100% .f(10,4.0) 79(10,1.3,181) 59(27,3.0,125) 631(10,1.3,181,4) 404(10,1.3,192,4) 
Incremenl 1,2 75% 5(9,3.0) 84(11,2.3,211) 64(27,2.3,125) 641(10,1.3,181,4) 426(19,1.3,192,4) 

1,2 50% .f(10,J.O) 76(10,1.0,181) 53(10,1.3,192) 608(10,1.0,181,4) 386(10,1.0,192,4) 

Crane<b) 1,2 100% fi(10,4.0) 119(10,1.3, 181) 9O(17,J.0, 115) 951(10,1.3,181,4) 615(10,1.3,192,4) 

TOIal 1,2 75% 7(9,3.0) 127(19,2.3,111) 96(27,2.3,125) 973(10,1.3,181,4) 628(16,1.3,19.2,4) 
1 ,3 50% 6("10,3.0) 116(10,1.0,181) 80(10,1.3,192) 922(10,1.0,181,4) 586(10,1.0,1.92,4) 

(a) Based on computations with the EPA CRSTER Model, rural option. Entries are concentration followed by 
direction (tens of degrees from north) and distance (km) from the stations. Julian Day and three-hour time 
period follow these values, as appropriate. 

(b) Total is based on the total of plumes from both u nits � each station. Background is not added. 
(c) Increment is based on differences in rime and space oI rhe conversion and baseline. 

TABLE H.1o. PSD Increment Consumption for Brandon Shores(a) 

TSP High 
SOl SOl SOl TSP TSP 24-Hour Non-

load Highest Second High Second High Highest Second High Attainment 
Scenario Year Factor Annual 24-Hour 3-Hour Annual 24-Hour Area 
--- -

3,5 1964 100% 2,{9,3.) 63{10,1 .7,192) 496(10,1.7,192,4) o{b) o(b) o<b) 
1964 75% 1{11,4.) 13(10,1.7,192) 101{10, 1.3, 192,4) 0 0 0 
1964 50% 1{11,4.) 17{10,1.7,192) 132{10,1.7,192,4) 0 0 0 

1965 100% 1 (36,41) 20(10,4.,214) 131{14,1.,226,4) 0 0 0 
1966 100% 1 (14,41) 26{3,3.,165) 132{4,1.3,174,5) 0 0 C 
1967 100% 1 (36,41) 25{17,1.7,230) 203(17.1,7,230,4) 0 0 0 
1968 100% 1 (13,41) 43(25,1.3,221) 2IS{9,1.3,177,4) 0 0 0 

1964 100% 2{10').) 47{10,1.7,192) 353{10,1.7,192,4) 0 0 0 
1965 100% 1{32,4.) 24{28,2.3,178) 219(14,1.,226,4) 0 0 0 
1966 100% 1 (33,6.) 31 (14,3.,236) 1n{31,3.219,4) 0 0 0 

1967 100% 1{21,4.) 25{10,4.,261) 144(17,1.,230,4) 0 0 0 
1968 100% 2{12,3.) 44{20,1.3,228) 336(19,1.7,228,4) 0 0 0 

(a) Based on the difference betWeen baseline and conversion as explained in text. Computed for releases at 
GEP stack height using EPA CRSTER model, rural mode. Each entry gives the concentration (#lg/m1) followed 
by direction (tens of degrees from north), distance (km), Julian Day and 3-hour time period, as appropriate. No 
PSD increment consumption occurs in Scenarios 1 and 2. 

(b) less than de minimis value. 
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SceNrIo 

(load f,ctor) 
2,3,4,5 

(100'J(.) 

2,3,4,5 (75'J(,) 

Year 

1964 
1965 
lfi6 
1967 
1968 

1S64 
1%5 
1� 
1967 
1968 

SOl 
Highest 
Annual 

4.2(10,4.0) 
4.1(11,1.0) 
3.4(ll,tI.O) 
3.9(11,8.0) 
4.5(11,6.0) 

4.5(9,3.0) 
2.2(11,6.0) 
2.0(11,4.0) 
2.1(11,6.0) 
2.5(11,4.0) 

.-� ; . ' ", 1' , ... -� >!. �f- l .  
TAttLE H.l1. PSD Increment COruurn"tion f�. c:nn:et,) " � '\ . � / ' 

SOz 
Second High 

24-Hour 

59(27,3. 0, 125) 
63(10,3.0,214) 
61(14,2.3,236) 
45(10,3.(),261) 
64(20,3. 0,224) 
61(27,2.3,,125) 
66(10,2. J,1.lO) 
74(14,2.3,236) 
�10,3. (),261) 
70(20,2.3,224) 

404(10,1.3, m,4) 
260(13,,1.7,206,4) 
2�1.4.0,225,3) 
248(10,2.3,203,4) 
426(19,1.3,228,4) 

416(16, 1.3, 192,4) 
295(33.2,3,115,5) 
282(21, 1.7,254,5) 
26C(10,2.3,203,4) 
384(20,1.3,157,3) 

TSP " 

Hifhest 
"MUll 

n;,'- . 
. s«otid HI", 

24>How 

. � rs;.  . . . .  �� 
HJJhest . .�. , 'Ale. H/,hesi 

. ,  . •  , � .  ' ,. , .,� JSI> 

MS(10,4.0)fb) 0.9(27,3.0,125ib) 1.1(10,1.3" ll1)ib) 
0.06(11,1!.0) 0.9(10,3.0,114) f.�,3.0,251) 

. 0.0S(11,8.0) 0.9(14,2.3,2J1S) '1.5(15.2.3,,145) . ,  
0.05(11,&.0) 0.7(10.3.0,261) 1.�.J.0,223) 
0.07(11,6.0) 0.9(20,3.0,224) 1.5(20,1.3" 1ST) 

(c) (e) (e) 

(b) 
(bl .' . (b) 
(b) 
(b) 
(e) 

2,3,4,5 (50%) 1964 3.9(10,3.0) 53(10,1.0,192) 386(10,1.0,192,4) (c) (c) (e) (e) 

(,) Based on Ihe difference between baseline and conversion as explained in lex/. Computed for relNse at Ktual sl.a 
heighl using EP'" CRSTER model, rural mode. Each enlry gives the concenrralion (JItl/ml) followed by direction (Iem 01 
degrees from north), distance (/em), Julian Day and J-hour lime period, as appropriale. 

(b) Less Ihan de minimis value al all localions; values given for Scenario 2 only. 

(c) No value compuled. 

TABLf H.llo Combined Maximum S02 PSD I ncrements (PI) for Each Scenario{a) 

Highest Annual 24-Hour 3-Hour 
Scenario (PI) Second High (PI) Second High (PI) 

2 C 4(C,10,4.0 59(C,21,3.0,125) 404(C, 10, 1.3, 192,4) 

3,5AII (b) 'fC,10,4.0) 63(B, 10,1.7, 192 496(B, 10,1, 1.7, 192,4) 
B 1 63 49(; 

C 4 0 0 

4 All 4(C,10,4.0) 54(C,27,.·.O,125 «H(C, 10.1.3, 192,4) 
B 0 0 0 

C 4 49 «H 

(a) Based on combined outputs from CRSTER runs for year 196C based on 100'K. 1oad factors at all . 
stations. Values are sums of maximum and second high maximums occurrill8 within a grid of 
areas of 1 kmJ• Coverage in the analysis was 1()4 kmJ• Actual consumptions may � lesS depend
ing on plume overlaps on distances less than the 1-km grid used to generate this table. 
B • Brandon Shores; C .  Crane. 

. • . . 
(bl All - maximum total for all units; contribution of Brandon ShoreS (8) and Crane ,'C). 
(e) Locations relative to Brandon Shore (B) or Crane (C) followed by direction in tens of degrees 

from north and downwind distal\ce (km). Julian day and 3-hour time periods are also listed. 
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These values (Table H.12) are not �nt to represent the highest values that may OCOJr. Clearly 
other years and/or load factors may result in higher values. Although values in Table H.12 repres
ent maximums, these computed values could be slightly higher or lower if data on meteorological " " 

' Collditions from different years were used, Of if different facility load factors were used. These 
values are conservative estimates because Tible H.12 is based on a 1.o.km grid resolution; using a 
finer grid with this method will give the same or slightly smaller values. 

, As a case study, the 2 ..... hour S02 combined concentrations were recomputed based on 100% load 
factors at Brandon Shores �nd Crane. These reftect the tendencies for local maxima noted in the PSD 
analysis. 

Hence, the interpretation of Table H.12 should only be to illustrate the range of potential overlaps 
between the scenarios. Cases with near or over 100% consumption illustrate combinations of fuel 
conversions where combined PSD consumption may � limiting. The Cr�ne plume cloes Il()( mve significmt 

ovemps with Br�ndon ShOfes. 

eap.dty factor. 

The �ver�se apadry fKtoo for operalion of !he ell/stint facilities Me useful in ev�/uatinB actu�I current impacts, � opposed 

to maximum impa� consicJe,ed in the previous sections.. The following are the 1979 5��I �nd illlnuM apacity f�ctof5 fOf 

Cnne.(�) 

Cr�ne 

Vnit 1 Vnit 2 --- ---
Spring 68.1 42.7 

Summer 51.5 48. 1 

hll 41.2 SO. 8 
Winter 73.6 58.9 

Ann(ql �venwe 58.5 51' 0  

The air-quality analysis showed greatest impacts at 100% load factors. These capacity factors imply 
lower average concentrations. The low capacity factors are a combination of operations at lower 
load factors and for periods of no operation. � factors apply only to the historical operation of 
the units; operations under coal may differ. Depending on actual operations, the potential air
quality impacts are expected to range up to the maximum values presented in the preceding 
sections. 

The preceding anal� are based on interpretation of current regulations and guidelines for air
quality modeling. This approach has differed in the models selected and in some input assumptions 
from other recent modelings of the conversion of several Got these units. The following is a compari
son with these efforts. 

The State of Maryland and ,�G&E modeled air quality for the Brandon Shores (Brower 1980aj 
Hattrup 1980) �nd Crane (Brower I�) conversions using CRSTER with the urban option. Tables H.B 
and H.1S compare the State of Maryland results with PNL results using the CRSTER rural option. 
These results were nearly identical for cases with the same inputs. The State of Maryland source 
terms are listed in Table H.14 and H.16. 

(a) leiter from ,,_ P. Cameron, BG&E, 10 /. Poaselc, ERA dated April 11, 1981: 
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Tallie H.11 Comp3rison of S02 Air Quality Concentratiot:' Chan,� for Brandon ShOres for 
1964 to 1968 

. . . . . . . . . 

Highest(a) Second Hish(b) Second Hllh(c) 

Model Annual 24-Hour ' ]':Hour 

Total S02 
Urban CRSTER(d) 20(9,5.,64) 51.1(10,2,192.,64) 4l2.4(lCU .192,4,64) 

Rural CRSTER(e} . 1.8(9,6.,64) 61(10,1.7,192,64) 490(10,l.7,lg2,4,64) 

SOrPSO Increments 
Urban CRSTER(d) 1.2(9,4.) 48(10,2) 350(10,2) 

Rural CRSTER(f) 2.0(9,3.) 63(10,1.7) 495(10,1.7) 

(a) Concentration (pg/mJ), direction (tzns of degrees from North), distance (km) and year. Year and day not 
given for PSD increments. 

(b) Concentration (pg/m)), direction (tens of degrees from North), distance (km), and (for total SOl); Julian 
-, 

Day and year. 
(c) Concentration (pg/mJ) direction (tens of degrees from North), distance (km) and (for total SOl); Julian Day, 

3-hour time period. 
(d) Brower, R. 198Oa. 
(e) From Table H.3; actual �tack height used; Scenario 2 
(f) From Table H.10; note that the lower-than-actual GEP stack height is used to compute these values; 

Scenario 2 

TABLE H.14. Emission Characteristics Used for Alternative Brandon 
Shores Air Quality CRSTER Runs(a) 

Emission 
Rates 

Stack Stack Exit Exit 
SOl TSP N02 Heighl Diameter Velocity Temperature 

Unit (g/s) (g/s) (gls) (m) (m) (m) (OK) 

1 901.1 45.0 525.7 213.4 6.n 23.77 403.0 

2 901.1 45.0 525.7 213.4 6.n 23.77 403.0 

(a) Brower, R. 1980a 

The following describes the screening model used to compare the relative maximum TSP impacts 
for the two facilities. The source terms and assumptions are generally conservative, and the results 
are suitable for comparative purposes. More detailed computations with site-specific auumptions 
and models can be expected to produce much lower estimated concentration, as was found in 
recently available studies for Brandon Shores and Crane referenced in the main text. 

Twenty-four hour average TSP concentrations resulting from fugitive dust were estimated for Nch 
site at the nearest nonshoreline boundary. A Gaussian dispersion model (PEDC0 1978), employing 
source depletion to account for particle deposition, was used to estimate one-hour average . 
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TABtE H.l5. Com".rison of S02 Air Quality Computation for Crane 

CR5TfR(a) 
(Ur�n) 

CR5TER<b) 
(Rural) 

Year 

1964 
1965 
1966 
1967 
1968 

1964 
1965 
1966 
1967 
1968 

(a) Brower. R. (1!/8Ob). 

Annual 

5.7(10.5) 

5.6(11.7.5) 
0(13.7.5) 
5.5(11.7.5) 
6.2(11.5) 

6.3(10.4.0) 
6.2(11.8.0) 
5.2(11,8.0) 
5.9(11.8.0) 
6.9(11.6.0) 

(b) From Table H.5. Scenario 2. 

Second Hirh Second High 
24-Hollf J.Hour 

80.0(10.2.19;) 393.3(10,2.192.4) 
80.2(9.3.2' ... ) 350. 9(33.3.202.6) 
B2.8(1J.J.236) 368.2(15,2.175,5) 
62.1(9.3.243) 317.0(8.2.194.5) 
77.8(4.3.181) 473.4(19,2.228.4) 

90(27.3.0.125) 615(10.1.3.192.4) 
96(10.3.0.214) 396(13.1.7.206.4) 
103(14.23,236) 378(18.4.0.22.5.3) 
69(10.3.0.261) 376(10.2.3.203.4) 
98(20.3.0.224) 648(19.1.3.228.4) 

TABtE H.l6. bit and Emission Characteristics Used for ,i.ltem;Kive Crane Air Quality CRSTfR Run/a) 

Emission Rates 5tack Stack Exit Exit 
SO, (5P NO, Height Diameter Velocity Temperllure 

Fuel Unit (gls) (gls) (gls) (m) (m) (m) ("K) 
Oil 1 242 9 162 107.6 3.33 35 422 

2 242 9 162 107.6 3.33 35 422 
Coal 1 755 13 450 107.6 3.33 35 422 

2 755 13 450 107.6 3.33 35 422 

(a) Brower. R. (l9«>b). 

concentrations. From these one-hour averages, 24-houT average values were estimated using an 
empirical scaling factor of 0.4 (Budney 19n). 

The area of release (e.g., storage pile, construction area) was represented in the model as a virtual 
ground-level point source located upwind of the actual area source. The distance upwind was 
computed as a function of the width of the release area anc:! the atmospheric stability. The meteoro
logical inputs to the model were varied over a reasonable range of conditions. The source term for 
coal-storage areas varied with wind speed. Maximum houdy values occurred during higher wind 
speeds. The highest values occured at wind speeds of 5 rills under neutral stability. Stable condi
tions during high winds are rare or nonexistent because of the mechanical mixing of the winds. 
Unstable conditions cause more rapid mixing downwind and produce lower concentrations for a 
ground-ievel release. 

Emission facton listed in Table H.17 were used i n  the screening model to estimate fugitive dust 
releases from major sources. Dust releases from ash-handling activities were calculated using coal
handling emissivn factors. Emissions resulting from limestone storage were calculated using the 
emission factor for aggregate storage. The coal-storage, ash-storage, and construction emission fac
ters can be considered conservative estimates for the Baltimore area. All three factors were deve
loped for areas with drier and mort: severe climate than the Baltimore area. 
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TABLE H.17. Screening Model Fugitive Dust Emissi')n Fadors(a) ·  . .  
Activity 

Construction 

Coal Transport and Unloading 

Coal loading 

Coal Storage 

Coal Processing 

limestone Transport and loading 

limestone Unloading and Processing 

Aggregate Storage 

Emission Factor 

1 .2 tons/acre-rr...:nth(b) 

0.0097 lb/ton 

0.OO34 lb/ton 

0.23 Ib/acre(C) 

0.002 Ib/ton 

0.004 Ib/ton 

0.002 Ib/ton 

0.33 Ib/ton(b) 

(a) All factors are based on Blackwood and Peters (1976) except where noted. 
(b) I'actor is ba�ed on Cowherd et al. 1974. 
(c) Factor is derived from PEOCO et aI., 1978, and an average wind speed of 

4.2 m/sec. 

Specific emission factors are unavailable for fugitive releases from RDF. Regardless of the form, RDF would require covering 

during transport. "'tmospheric releases would be minimal in routine boil<!r operation using RDF. and only minor fugitive 

emissions are anticipated from the routine onsite handling of RDF. 

Emissions Estimoates 

Estimates were made of the maximum amount of fugitive dust that would be released u nder each 
scenario at the sites assuming a wind of 5.0 m/sec (Table H.18).  The amount of dust generated was 
reported as an incremental increase over the no-action case (Scenario 1) .  The burning of coal in Crane 

boilers would not produce dry fly ash; combustion residue would be in the form of slag. The dry fly ash produced at 
Brandon Shores could be stored in covered silos, thus eliminating wind entrainment at the storage 
site. 

Conversion of the BG&E generating stations to coal would necessitate the building of a coal-pile
runoff treatment facility at each site. I n  addition, scrubber systems would need to be installed at 
Brandon Shores u nder Scenarios 4 and 5. Except for the installation of scrubber systems, these activ
ities are expected to last less than a year. 

The computed 24-hour average incremental TSP concentrations for all stations and scenarios for 
which conversions are proposed are given in Table H.19. These show the relative maximum poten
tial for impact between the sites and conversions. As explained in the main text, the recently 
available impact values based on detailed modeling for Brandon Shores and Crane better define the 
magnitudes of expected impacts for those facilities, and by implication of the other facilities. 

1Kksround AIr-Qudt}' Data 

The maximum monitored ambient air pollutant values in the immediate vicinity of each of the facili
ties are summarized in Tab:e H.20. The pollutant air concentration changes in Tables H.2 to H.6 are 
translated to potential ambient concentration by adding these values to t he background air quality. 
The background air quality value is the sum of monitored (Table H.20) and modeled values for the 
projected operation of the plants. Although not included in the maximum air-quality estimates, the 
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monitored values may include contributions from the current operations for Cr_ and Wagner. 
Capacity factors liven above show how the actual operations compared with the full load no-action 
operations used in Scenario 1. 

TAILE H.1L Screening Model Inputs of Fugitive Emissions from BG&E Plants 

Incremental Releases 
in Ibs DustlDay 

Scenarios 
Brandon Shores 3 .. 5 

Coal Handling 163 181 181 
Coal Storage 1610 1610 1610 
Fly Ash Handling 16 16 16 
Limestone Handling 0 13 0 
Construction 1120 2480 1120 

Crilne 

COiII HiindJing 59 54 54 
COiII Slorilge 520 520 520 
Ume$lone Hilndling 0 1 0 
Umestone Slorilge 0 6 0 
Construction 160 560 160 

TAILE H.19. Screening Model Computations of 24-Hour Average Incremental TSP Air 
C�ncentration(a) Due to Fugitive Emissions Assuming 5 m/sec Winds and 
a Neutral Atmosphere(b) 

Scenario 

Brandon Shores ..l... _4 _ _ 5_ 

Coal SIc) (North Site) 112 112 112 
Coal H(C) (North Site) 1 1  1 2  '12 
Coal S (South Site) 63 63 63 
Coal H (South Site) 5 5 5 
Limestone and Flyash H and S 1 5 5 

Operations Total (North Site) 124 129 129 
Operations Total (South Site) 68 68 68 
Construction 29 51 29 

Crilne 

COiII Sloril,e 32 32 32 
Coal Hilnd:ing 3 3 3 
Umestone H ilnd 5 _(d) 
Operiltions TOIill J5 35 35 
Construdion 8 20 8 

(a) pglmJ. 
(b) Derived from I'IlOft frequently occurlng maximum condition. 
(c) S ·  Storage; H ·  Handling. 
(d) N:> significant increases. 
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TAIlE ft.. Maximum Monitored Air-Pollution Values (pg/mlJ 

Plants 

Brandon Shores 
Crane 

502 
3-hour 24-hour 

)8.4(a) 

235 
139 
126 

TSP 

Annual 

28 
20 

(a) Numbers refer to Figure 3.4 and Table 3.6. 

c.�nty 
24 hour Annual SUtions(a) 

215 
146 

69 
57 

1,6,9,11,16 
11,12.15 
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Ear Sensitivity and Reference Noise Levels 

Sound le\ els are usually exprp.s�ed in decibels (c!S). I� technical terms, the decibel is equal to ten 
times the common log.lrithm If the ratio of a particular sound press,.:r� squared to a reference 
pressure squared (20 micrc.;>ascals squared). 

Sound waves are characterized by frequency (hertz) and sound pressure levels. In field survey�. 
non-standard octave band center freqUf�ncies are measured by a SOU.IO level meter that meets the 
requiremer.c� of the American National Standard Institute S1.4-1971. The so' d pressure is anal;zl!d 
in terms of frequency (octave bands) t.) produr:e the A-weighted sound level (dBA). The A
vleighted sound level approximates thf! freq�lency respun5e of the human eu at moderate sound 
!-::vels. Howtover, the expression provides no indication of tonal frequency components or unusual 
frequency distributiom that may be a source of annoyance at the community level (EEl 1978). A
weighted sound levels and derivations thereC'� (i.e., the day-night average sound level or equivalent 
sound level, Section 4.8.1) are usually used to establish noise level limitS for regulatory purposes. 

Sound pressure levels uniformly decrease at a rate of 6 d8 per doubling of d istance in an ideal 
atmosphere irrespective of frequency. Molecu la.r absorption of �ound by the air varies with fre
quency arid is greatly :nfluenced by temperatur,� and humidity. Strong t';!mperature gradients, wind, 
and precipitatiun may contribute to increased attel�uation of sound pressure levels and deflection 

. 

of sound waves. T:,e physical environment may also alter the attenuation of solmd. Sound propaga
tion over or near the ground is greatly influenced by ground cover, trees, ground reflection and 
man-made ba,riers (Table 1.1). All of these factors can influence the noise intrusion on communities 
or wildlife. 

The human ear has varying sensitivities to different frequencies and intel'�ity levels of �und. The 
lower limits of sensitivity and pain thresholds are exhibited in Figure 1 . 1  with rl'Spect to sounc! level 
(dB) and frequ�ncy (hertz). Superimposed on t� e figu!"e are the ranges of speech, industrial noi�J 
and key sources of noise relating to coal handling (adapted from EEl 1978 and Margenau et aL 1949). 
Coal handl:ng noise sources are determined at the source and will decrease away from the source 
With r�!lect to the inverse square law. Table 1.2 lists reference sound levels (dBA) 0: common 
sources of noise and industrial sources. 

TABLE 1.1. Attenuation of Sound Transmssion (dB for 10-m path) Above or Through Fie!ds 
and Forests(a) 

Odave Frequency Sound Path Over or Sound Path Through 
Band (Hz) Through Tall Thick Grass Medium-Dense Woods 

31 0.3 

63 0.1 0.4 

125 0.7 0.5 

250 1.2 0.6 

500 1.8 0.8 

1000 23 1 .0 

2000 28 1.3 

4000 3.4 1.6 

6000 3.9 20 

(a) EEl  1978. 
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FIGURE 1.1. Frequency and Sound level Spectrum of the Human Ear (adapted from Edison Electrical Institute 
1980 and Margenau 1949) 

TABLE 1.2. I ntensity Levels (dBA) of Reference Noises and Industrial Equipment 

Noise Source dBA Reference 

Airplane, nearby 1 20 a 

Pile Driver 101 b 
Inside Su bway Train 100 a 
Rock Drill 98 b 
Truck 91 b 
Scraper, Jackhammer 88 b 
Backhoe 85 b 
Crane. mobile 83 b 
Air Compressor 

loader 79 b 

Ordinary Conversation 70 a 
Quiet Automobile 50 a 
Purring Cat 25 a 
Rustle of leaves 10 a 
Hearing Threshold 0 a 

(a) Margenau et al. 1949; level at receiver in dB. 
(b) EPA - NTID 300.1 b A-8. measured at 50 feet 
from the source. 
(c) Edison .Electric .Institute 1978; measured at the 
sou rce. 
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