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FOREWORD

The business of the public sector is to make governmental policy decisions
and to implement those already made., These activities demand cons‘iderable
amounts of time and resources. Furthermore, they require the gathering and
analyses of large amounts of information for successful operation and com-
pletion. Policy debates, often conducted in a hurried atmosphere, initiate
an immediate requirement for new analytical information for a particular
issue under consideration. When a new subject is begun, the previously
developed information is set aside to be used later for similar discussions.

Even then, the users tend to be the same people who were familiar with the
prior data base. ’ .

Information developed in this manner is generally not available to the
open literature. This is true not because of any desire for secrecy, but
because it takes time and resources to organize information for.purposes
other than policy decisfon inputs. The inclination is usually lacking in
the bureaucracy to take the additional time and spend the resources to
transform information for other uses or even to initially develop it in

a format for additional possible appiications. Furthermore, there is
often the suspicion that public sector information from a mission agency
is not apt to be totally unbiased, and this can result in tacit dismissal.

The Environmental Handbook Series is designed to overcome the deficiency
of information utility and transfer. Each of the works in this series will
bring together information in an area and format that is useful to

both public and private sector needs. It is meant to serve as a basic
reference document that will stand for a period of time and help to enrieh
decisionmaking and research in the interface of energy and the environment.

Further, the production of summary documents, such as in this Handbook, helps
to more sharply focus the adversarial nature of policy debates. By making
explicit the information base available and by exposing it to peer review
prior to input into policy deliberations, an organization insures the
credibility of the data, or has a basis for not using it. The policy debate

then narrows considerably as the quality of the technical detail is sub-
stantiated.

This particular handbook deals with environmental characterization data

for the energy technologies and presents the data in a format for use by

DOE policy analysts. This treatment incliudes not only the actual information
base, but also a Preface which explains the present concept, the historical
growth of the program, and the new direction for improved utility. The
information base, itself, is constantly being enhanced and is republished
periodically as necessary.
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The development and maintenance of the Environmental Characterization Informa-
tion Base is the responsibility of the Technology Assessments Division. Assis-
tance was provided by The Mitre Corporation in the preparation of the summary
information sheets, and by the Aerospace Corporation in the development of

the draft Environmental Information Characterization Report (Appendix A).
Special acknowledgement goes to Albert E. Fry, consultant, for assistance
provided in the preparation of the Preface. .

Peter W. House, Director
' Office of Environmental Assessments
© 0ffice of Environment
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PREFACE

Environmental Information Requirements for Energy Technologies

The availability of quality energy-related environmental information for
use by the Department of Energy is essential for evaluating alternative energy
policies and technology strategies, and for carrying out responsibilities
assigned by the Congress. Environmental information is required for two dif-
ferent purposes. First, the Department conducts strategic energy policy and
planning analyses which forecast the future levels of U.S. energy consumption
and supply as well as the shares to be provided of the various fuels by the
competing energy technologies. Second, the Department plays a leading role in
the development and advocacy of specific new energy technologies. Simply stated,
energy planners are seeking to determine how much energy will be required and
produced domestically, and how much of this domestic share will be produced
from the various energy sources. Strategic energy planning should include an
assessment of the environmental implications of the various energy generating
technologies. The relative success or failure of the competing energy technol-
ogies depends upon economic, engineering and environmental considerations. These
considerations are inseparable since engineering design modifications and the
implementation of additional control technologies can reduce pollution residuals
at some added cost, efficiency and safety of the energy technologies involved.

The Department also needs environmental information for other program
requirements ranging from the preparation of Environmental Impact Statements to
working with the Environmental Protection Agency in the development of environ-
mental regulations for emerging energy technologies. Department of Energy en-
virommental information is often used by State and Local planners, by public
fnterest groups, and by the business community in the process of formulating
fndustrial policy. However, the first two purnoses identified are representa- °
-tive of the Department of Energy's needs in this area and also provide a focus
for identifying certain inherent problems with the information.

To conduct strategic energy policy and planning analyses, national or
regional energy models are usually employed. Given existing resource and time
Timitations, collection of accurate and current information for each individual
energy facility is costly. Energy analysts are forced to rely on limited in-
formation for existing or hypothetical facilities for estimating the environ-
mental impacts. For example, the analyst may rely on real data from existing
plants collected by the Environmental Protection Agency or State environmental
control agencies, or, based on existing and proposed environmental regulations, »
the analyst may develop a representative model of future plants and extrapolate
existing data to fit the representative model. No real plant will match this
model plant precisely since site 'specific conditions, coal type, system com-
ponents, engineering design, environmental control technology and other factors
may vary somewhat from the model in reality. Over a reasonable sample size
this representative plant works very well. But for a single site specific
plant there will be variations from the expected information. The problem of
ascribing data to hypothetical facilities is heightened when dealing with new



emerging technologies, which are usually dependent upon a limited number of
prototype or demonstration facilities and may not reflect future reality.

The description of most model process systems with the related data can
always be improved since more resources enable the analysts to perform a more
comprehensive study, and apply more quality control. Data elements in partic-
ular, always require continuous validation and updating. A problem facing
every information manager is the determination of which information require-
ments can be satisfied within given budgetary constraints. For analyses re-
quired to support the development of emerging new energy technologies, the’
Tevel of specificity of environmental information desired is very high. The
program manager needs assurance that information is generated from an engineer-
ing design or operation which most accurately reflects the program manager's
current projection of the specific-energy technology to be carried through to
commercialization. The fewer the number of existing facilities, the more
difficult it is to develop a representative model plant. If the analyst
attempts to average a wide range of estimates, the decision makers find that
the information is no longer useful.

In summary, envirommental characterization information needs to meet
both the general requirements of the strategic energy policy planner and the
more specific requirements of the managers of developing technologies.
Additionally, the information should be documented, verifiable, consistent,
current and available in a format applicable to the diverse users inside and
outside the Department.

Evolution of the Activity

The conception of the Environmental Characterization Information activity
began with information requirements for the Strategic Environmental Assessment
System (SEAS). SEAS, a mathematical model for assessing environmental impacts
on a national scale, was originally developed by the Washington Environmental
Research Center of EPA. Subsequently, use of this model was incorporated into
the analyses conducted by the Energy Research and Development Administration
{(ERDA) Assistant Administrator for Environment and Safety. SEAS contains ex-
tensive ervironmental data files which were drawn initially from a wide range
of sources such as the EPA National Emissions Data System, the EPA New Source
Performance Standards. and Effluent Guidelines, Hittman Associates "Environ-
mental Impacts, Efficiency, and Cost of Energy Supply and End Use" (Contract
for CEQ), the EPA "Cost of Clean Air" and "Cost of Clean Water," and the EPA
"Industry Studies.”

Subsequently, additional data from the Bureau of Mines, Federal Power
Commission, Federal Energy Administration, Brookhaven National Laboratory
and from ERDA's Market Oriented Program Planning Study (MOPPS) were added to
the SEAS data bases. The data developed were normalized to 1012 Btu of energy
output. for use by the model. These extensive environmental data bases, despite
existing inadequacies, comprised the most complete data set of environmental
characterization .information available to ERDA. and subsequently to the
Department of Energy. : .
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In 1977, with contractual assistance from the MITRE Corporation, Consad,
Inc., Control Data Corporation, and International Research and Technology, Inc.,
SEAS was used by ERDA to produce the information for the first Annual Environ-
mental Analysis Report which provided a national and regional analysis of
President Carter's first National Energy Plan. Distributed widely, the report
became an important element in the energy policy debate which followed. In
1978, the Office of Technology Impacts, under the DOE Assistant Secretary for
Environment, accelerated the validation and updating of the data in SEAS. As an
integral part of this activity, a series of documents gradually evolved which
presented comprehensive environmental data on the environmental pollution po-
tential of the various energy technologies.

The first step was the production of summary data sheets for a set of energy
technologies. These summary sheets were generated in a format which reflected
SEAS requirements. The first volume, "Environmental Data for Energy Technology
Policy Analysis," was published in January 1979, with a supplement adding sev-
eral new technologies appearing in August 1979.

In January 1980, a revision entitied, "Environmental Data/Energy Technology

" Characterizations" was issued. Approximately one-half of the data summary sheets

had undergone considerable revision with improved quality control and data
source documentation. In addition, supplemental publications for each major
energy fuel source (coal, nuclear, petroleum, solar, etc.) have since been pre-
pared to explain the methods used to develop the summary volume. The chapters

in each supplementary volume, relating specifically to the organization of the
summary, begin with a brief description of standard characteristics, size, avail-
ability, mode. of operation, and place in the fuel cycle. Next, major legislative
and/or technological factors influencing the commercial operation of the activity
are identified as well as coefficients for resources consumed, residuals produced,
and economic. information. The data summary sheets presented in subsequent pages
of this publication complete the major revision begun in January.

Present Limitations

The purpose of the present activity is to present environmental character-
ization information in a useful format for environmental policy and planning
analyses relating to energy technology development and deployment. The infor-
mation should represent the best available data on resource requirements and
environmental effects for each principal energy technology considered.

i »
Evaluation of - the present information base has revealed inherent weaknesses.
Some data are inconsistent with the base model description, some are based on
faulty assumptions or outdated engineering designs, some data have been entered
incorrectly into the system, and some elements have been derived from studies of
questionable validity. As a result, approximations have been made by analysts.
Also, missing data are prevalent, particularly for coal conversion and other
new technologies. While approximations assuming reasonably valid and consist-
ent information are ordinarily adequate for general environmental policy and

“vit



planning activities, this approach is not adequate for site specific analyses.
If one is concerned with the distribution of plants across the country, then
the information can be used ‘to develop estimates of the total loadings in a
p:rticul:r geographic region, representing the total envirommental impact for
that region. . :

Although aggregations of the residuals can be computed in this way result-
ing in an understanding of the changes or rates of changes of total pollutants in
the environment, problems remain. The information in "Environmental/Energy Data
Characterizations” is not realistically representative of specific operations
nor realistic in terms of being able to identify the need for particular control
equipment that might have modified these systems. In many cases, the hypothetical
plant on which the:characterization is based is an average of several installa-
tions which may have used different technological bases. The energy systems
used to develop. the model plant vary in character and raw material. input require-
ments. The hypothetical basis 1¢ ineffective for real world analyses.

While the net result of the present effort has significantly improved-in-
formation, certain deficiencies in consistency and reliability remain. Because
the data have: been derived’ from multiple sources, the numbers represent outcomes
of engineering analyses which have been developed using different criteria. The
residuals computed for a particular type of technology are sometimes derived from
the analyses of two or more specific engineering.systems, each hehaving differently
and discharging different levels of residuals. Moreover, in addition to not using
standard criteria for base system selection, certain parameters have been dgrived
by calculations which do not have a clear relationship to a specific engineering
system. Consequently, the environmental residual coefficients combined in the
summary volume as a single value are not always consistent in representing actual
residuals output. Failure to apply standard criteria from component to component
within the process results in certain of the environmental residual coefficients
being noncomparabie to other coefficients within the same technology or the other
technologies, ' . ~

Because work has continued  on the development of engineering systems,
specific. information has become available over time on new eneirgy technologies.
In particular, operating data from pilot operations and more detailed designs
have become available. This presents a unique opportunity to take the next
Togical step to improve the information base by substituting this-new engineer-
ing specific environmental-data. In cases where actual data based on engineering.
operations is not yet-available, computations and energy balances can be made
to provide information about the unit operation and steps within the overall
process. A more accurate and detailed set of information including -operating
parameters, resources, and environmental pollutants under specific conditions
of energy generation and operation of facilities would result. This would
provide thé user not only with better information for decision making at the
policy level, planning, and identification of envirormental control require-
ments, but also with information which identifies the need for specific en-
vironmental R&D and control technology data. It would alsa-provide DOE with
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specific environmental information for the analysis of systems being developed
at particular sites. The value of this information for environmental impact
assessment to satisfy NEPA requirements would be an important example. All
these considerations point to the need for a new programmatic approach.

Future Direcfion

The development of a new approach will significantly alter the present
process. Instead of environmental information flowing from the SEAS data base
to the information file, the process will be reversed. Environmental character-
ization information will be derived through a detailed engineering analysis of
a specific energy technology process, and developed through an Environmental
Characterization Information Report. The process specific data sheets will be
pulled together in a summary volume for all technologies. This new information
will be available to augment SEAS as appropriate. The next.section will outline

the proposed changes in the system and describe the Energy Characterization
Information Report concept. '

If environmental characterization information is to effectively serve
planning and analyses by the Department and other users, the information
contained in the file must be at a level of quality that will ensure its
acceptance and use. As noted above, the Office of Technology Impacts has
determined, after objective appraisal, that the quality of information must
be improved. The improvements will be directed at enhancing several important
quality attributes of the information; its representative character, its
inherent consistency and validity, and its currency. Users of the information
will be able to track or replicate the data independently. This means that all
initial calculations or subsequent revisions will be explicitly documented.-
Accordingly, the Office of Enviromment is establishing a revised approach for =
conducting these related activities, as described in Figure 1.

(Figure 1 is shown on the next paée.)
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A1l information developed through the new approach will be subjected to’
technical review 1 conducted by the appropriate technology specialist from
the Office of Technology Impacts consulting with recognized experts in the
related fields. The activity to develop the information and present it for
technical is the central element in this new system. The final presentation
of the characterization information will be the report 2 . Each report will
be technology specific. Basic information developed in the report will be
used for updating the automated information base 3 and for preparing the
summary volume 4 which encompasses all of the energy technologies. The

automated information base can be used to transfer the data automatically to
other Departmental users 5 as appropriate.

A report will be prepared for each specific energy base system. It will
represent one or typical elements of an energy fuel cycle. The basis for the
characterization information in the report will be a specified energy tech-
nology system typical of systems in current operation or under development
for eventual commercialization. Since it is not feasible to produce a char-
acterization for every possible system variant, the selection will insure, as
availability permits, that the energy technology system chosen for characterization
is representative of actual systems and broadly representative of a segment
of the overall energy supply or conservation system. By associating the
characterization information with actual systems, the credibility of the
information will be enhanced for systems of that type. There are components
of an emerging energy technology system which equate to actual functioning
systems and for these components the information represented will be accurate
and can be used for purposes of predicting how a particular segment of a
new system might function in the future. The representation can be regarded

as highly reliable because it is closely based upon real or as near to real
system data as is obtainable.

In the Environmental Characterization Information Report, the analysis of
resource requirements, environmental residual coefficients, and certain impacts
will be carried out for each major component and environmental point-of-interest
in the system. The system will be graphically portrayed with all environmental

points-of-interest identified and related to the narrative discussion in the
text.

The assumptions and methods used to derive the information will be
clearly shown. Information will be taken either directly from the technical
literature (i1f its validity and usefulness is confirmed by qualified experts)
or extrapolated by computation or by suitable estimating technique from such
information. In instances where information is not available directly, a
valid estimating method may be employed and will be documented. For those

components of the process ‘that are not fully developed, the best available
experimental information will be used. -
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The results of this new approach, to managing the selection, review and
presentation of the information, should represent a significant step forward
in providing useful information for environmental analyses and planning. The
fundamental advantages for adopting this approach are several:

0 a baseline will have been established for focusing continuing
. review, and update of environmental information,

0 the baseline will provide a common reference point for
individual users to extrapolate from with respect to- their
specific situations, i

0 the user will have assurénce that all information in the
file has been subjected to expert review,

o the user will have an accessible, easy to understand, and
well documented presentation showing the derivation of
information for each environmental point-of-interest in
the system,

o  standard criteria for environmental information development
will be used, and,

0 avajlability and relevancy to other Departmental programs
will be enhanced. ]

To 11lustrate the new approach, a draft prototype Environmental
Characterization Information Report has been developed for a new coal-fired
power plant burning typical Eastern United States bituminous coal. The
prototype Report is in Appendix A.

In this instance, the best avaflable characterization of both the tech-
nology and its associated impacts were developed for each step and module in
a specific engineering design. For each component step or module, computations
‘were carried out based upon the best information available in order to specify
what the environmental characterization of that particular module would be and
to put the results in terms and dimensions convenient to the user. The infor-
mation is expressed in conventional engineering units, metric units, and in
terms compatible with computer modeling requirements Coefficients are express-
" ed for a variety of parameters of interest:

Resources i Environmental Residuals
Coal Consumption ‘Air Pollutants
Water Consumption - Water Contaminants
Raw Materials Trace Metals
Land . Solid Wastes

Heat Losses
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Further development of the prototype will include information relevant
to capital costs, pollution control costs, manpower requirements, more occupa-
tional health and safety factors, and other parameters as needed. The infor-
mation will be uniformly presented in all Environmental Characterization .
Information Reports. Priority will be given to emerging technologies which
are the primary focus of DOE's energy policy analyses. Ultimately, as resources
permit, a complete library of these reports will be developed comprising about
50-60 energy technology systems of interest. Initially, the program will focus
on those conventional and emerging energy systems that are critical to National
energy policy in the near and intermediate term. Subsequently, second and
third generation technologies for use in the 1990 era will also be addressed.
These will be evolving documents and will be revised as appropriate.

Summary

In conclusion, this revised activity is designed to overcome discrete
deficiencies in the present system. The new approach emphasizes realistic
representation and expert verification. Information sources, calculations,
or data manijpulations will be documented. Users of the information will be
able to trace the source of the data and have confidence in its credibility.

Environmental Characterization Information Reports will represent a

significant advance in specificity, reliability and comprehensive untility
over earlier presentations of environmental/energy technology data.
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INTRODUCTION

Revised sections of this publication also include new summary sheets for
the solar, oil, and gas technologies. Assumptions and methods used to
derive the total of summarized information are available as additional
volumes. The total 1ibrary of documentation includes the following:

Summary (Handbook)
Nuclear

Coal

Petroleum

Natural Gas
Synthetic Fuels
Hydroelectricity

Backup documentation for the solar technologies is available through a
variety of reports published under the Technology Assessment of Solar Energy
Project. The reports are referenced in this volume on the applicable pages.

The information summarized in this Handbook represents the current status of
data development and verification performed by technology specialists in the
Technology Assessments Division, Office of Environment. If there are any
questions regarding the information presented herein, please contact the
technology specialists 1isted below for further discussions.

Nuctear Energy:

W. Neill Thomasson 353-4327
Coal: William G. Wilson 353-4414
Synthetic Fuels from Coal: Bipin C. Almaula 353-4401
Petroleum and Natural Gas: George J. Rotariu 353-5865
011 Shale: George J. Rotariu 353-5865
Solar Energy: Gregory J. D'Alessio 353-5141
Geothermal: Robert P. Blaunstein 353-5849
Hydroelectricity: Robert P. Blaunstein 353-5849
Conservation: David 0. Moses 353-4665

Comments or questions dealing with the scope or objectives of this program

should be addressed to the EV Program Manager, Neva1re M. Serrajian, Mail
Station E-201, Germantown (telephone 353-4658).

Notes on the Format

The specific energy systems for which environmental/technology characterization
information is provided are grouped as follows:

Nuclear Energy
Coal

Petroleum

Gas

Synthetic Fuels
Solar Energy
Geothermal Energy
Hydroelectricity

00000000

xxii1i
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Information for each energy system is presented in a uniform three-column
format with one system per page. Because of extensive information on some
systems, continuation pages have been included.

The first column "Energy System" provides the basic technical information

for the system or process.

Included are the following:

o Size of a typical plant or operating system, which includes typical

operating capacities,

capacities.

yields, efficiencies and annual production

o Description of the process and its mode of operation..
0 Principal components of the system.
0 Major environmental concerns.

The second column presents information for the resources expended in the
operation of the energy system. Included are raw materials or feedstock

(the "fuel”) needed, Tand, water, other materials, costs and personnel needs.
Because the different energy systems vary widely in size, all resources
1n;$nmation;1s given for a hypothetical enerqy system or plant of one trillion

tu production capacity. -

The third column presents information on environmental residuals and energy
products. The residuals listed include air pollutants, water pollutants,

radiation, and solid wastes.

In cases where the technology is not sufficiently

advanced to provide quantitative information, the anticipated pollutants
are listed to indicate their existence. Again, because the different energy

systems vary widely in size,

all residuals and products_information is given
for a hypothetical energy system or plant of one tr on tu production

capacity.
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conatruction

manpover
saterisle

ouspended ursaiws and 1ty

ter products 1n aine draimage water

oc Lanatfon of lond

easthetic constderations

Teca matel coatamieants

atse taflings disposition

@ sccidmt viske - flvodisg, £ire and weshout,
Slsating, hoevy squipment sccideats aad pit
wall failure

(1) Selected
@) sestigihie
(3} The smowat of o

of 4,200 toms of ore at 0.2 U
€4) ltems I parentheses are not fac

per 1012 320
ed 1n tocel.

Eavicomeotal Provection Agenc
EPA-400/7-79.060d, 1979,

141y dileted in the atncaphere snd has & very short half-life. but somm of che daughter elewent
ined te adjusted to accouot for

scher consttuctien

oparatics & matacessoce

i T
opetetion

# 91 loas of materisl ta the allling stage because the afll requires a ¢
output.

SOURCR: (4)U.5. Atcmic Energy Cowminsivn, MWMMJM 1974,
University of Oklahoma -—'H-AL«L!.Um._A.&mL:Muu 1975,
{c)U.3. Department of nur.

:‘)l«hnl Corporation, er.y s«u.xy n--n. llo‘tl !!u.

= Rrsalus Wining, H{11ina, and Convereton. DOL/EDP-0034, 1979:

ca Dav, Rupore, Vi
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UraniumiMilling

mill etee of 1,060 tame/yess

MSOMCES WED:

(Per 107 Bty Producad)

of Uraatus concontrate (U.,0,) wepport e one(a? AIR POLLUTASTS
3. andel Light Ueter Dandides (LiS) wmtu % paricaletes
o 13.31 coge yollowcake (33.0,00) pre- 20,3
Suce 1014 Bru sutpur aeacy B¢ (A0T from uatural
® 0.8 capacity tactor eluctiicity 11 male @ ® ann mae)
o Tecavary sfticlescy 31t aaceral gos 2.9x 1o .u a Sydrocarhons
® 23 yoar literime . C)
ey Acuesi®!
DescarrTION tewporarily commitisd 0.02 arem ASTS
* Nilltag operstions eatract vrasia andistorded aran 0.01 Cailings solecions
" dtoturved ases - 0.0 other polluzamte
pethnasatly committed
{iinited uae) ey a2}
tatal Gailiags 4,17%
b1 § BADLAYICN
ove atorage and dlending al PrOLOVS watar AT Lur!
crushing sad sampling building = 1. avent iy rocoasi
® ail) bullding conteinteg Eristing s (1) it e pirii ot
oquipment cencTete X 3a
* acld or nuu- leach tanka uul stesl & castings 12.80 V-natwral 2w 10-Xa)
(sulturic aclé or sodlus carbosste Wrase & bronse 0.32
of bicarbonate are typlcal) -l-x-— & casclags | 0.63 m : Cuttanfs)
» eolvent oxtraction bulléing —-gasess a.13 Th dawghter, s 10°2
hMcaner prosre oo * b ur( )
tatlings Tateution system of »tekal .01 20410 wasTY urtes®
sheut 230 acres cast trom o.47 06 devebters furtes
a Sowege (resmest sysiem utpe & drivers (1000 KP) (vasiad) 25,0
@ sevarel sacillery builldings for
otfice snd asintemance Puryeses cosTs seutal®
conatrceion (3) st itachatged to
AL g o—power 50,000 .9« 10Y
* @izatons of sulluric sctd tumss, mteriale 20,000
ketoasss vapors. and duste from el meont 30,000 Tons (4)
wrsatun witl processes other comatractisn 30,000 "
% lew level rasiological pollutemt Qand rights (200} e
telessas, incluling ureaiua and Sucalation during
tract fon {6,000 .
willing operationa Gaterme during
® 1iquid and s0ité chamicel end conatrect Lom) (9,000 .

rediological waate diacherges
to ret
o hoat diseipation asy couse Sampe
fogy! conditions nee? sits
water availability
rtoxtc metals ~ lepacte on growmd-
-tu q-llty
tn mecagemat of wrasius a1l
nultu plies
® aecident risks - (ires, Maavy oqui
wamt, tailings pomd d1he fatlate
® redon relesacs

1) Selected eaterials sod equipmer ftews.

(2) Reatduele ote & function of the lesching process; swiferic acld leaching 14 secumed,

() Terws is paremthases are mot tacleded is Tetal.

(Waah, 1240), 197,

$oumcEs (8)u.5. Atomtc Toergy Comsisaivm, Eavi 1 ot _the Uraniun !
D)5, epartment of Dnetsy. l-lgulzhnm! £ Plam - Stasiem gnmg’, Willing mad Comversiow,

#OL/T0e-003a, 1979,
o)y, 3. Leizosmental Frotaction semcy, feon
wse V1 Urentum, EPA-400/7- N
@1y 5 e iewr Dopuiators Commisaivm, Brsic P n Statemess _em Dresiew Wil

. Wagc-0stt, 1
Secheel Corporetion, fasrgy Supply Plaming Meda}, 1978.

A
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MESOGRCES DNRDH
Oax 1012 Stu Produced)

.
L
o 08
® 0.8 caperity factor at 752 Uy0g
o recowsy afftcisncy Uyy (puritied)
o 10 paar iifetine
5-«:1:"' 71 ma(e)
s Wasiuw baafluscide () cosveraiom couverra Rafural gas 0.8 x 108 gct(s)
the D30y (rellewcede) u‘u-u-n te & vols-
tls W4 campevad for amrichasat by (he gas- dcrag )
oimg dif fusfou process. Wy cosverston cam be tegorarily cammitted o.10
dese by aither the dTy or wet Mydroflusy Kurbed ares .08
procese. dlotiurhed azea 0.01
permamantly committed 0.301
[ total o.10
o pro-precess Eiln. weighing, swmpiing and  WATER 10 gy (0
Stewege acharged to atr aAI}! -
. tag o Prasiem 0 sater bodies 3.9
(oy0g) vitd cracked sumouia (Mp & By) to ferm total M
o 8 t
- b‘u’l-ﬂ-u- ~ P, reacted with U7, to
form W9, crede product comctate
® cold trap - .-.l of molybdenm eod total steel & cestinge 1arI08
vesadian Mapuri copper, brees & hromse
* diettllaston ~ rmm.n diatiilacton almimm & csstings wraasum
~:u=.::- Org product radon wed dnghtors
o oaete
aickel (2
s Chonjea) Soivyns Extroceios Procans e ivars (1000 @) Ra-22¢
Te-prec, . waighisg, i e d arivers
® Lo 198: Wnighiss, suwiing t axchangess (1000 fel fineol
eation 1a hot sitric scid ""'“l :
@ countercuryeat selvent extractios with TAP on-auclast presmae vessal  0.3) SOLID aasTy
1% bename () Tow and [atacwediste
o _rewstraction of wranius as ursmpl aitrate cosEs Ootlars (101h) tevel (vusted)
Tution conatvuceion () :
«. calctastion €o DOy ,000 xeay
e rakction - 00) raduced to DOy with crached ::"-l: !.x Naat dtacharged to
—ta 20, it
* bydroflmcntastion, Plucrisstion, amd cold othet comatruction 10,000 o
rap asem as dry process Qead c1ghts) 13000 DAY oy
® weots youds tios dutteg 5000 A
0 ( ung
. 4,000
24,000
n 1 et Mgt (<)
. u a eh-lu efflvente from Wydrof lvor %m O yaarn L
. nluu of radium to Reardy civer mod dis- operation 0.4

possl of redfoacties aludge
Meat dlaeipation llﬂ Ury producelon
watar avatleblifes

sccldent risks - llnl in salvent utucuu.
faslure or repture of Urg cyliade raftt

wste pond failure, wraniim nitrete heane
Wyde wvaporator fatlure, and N¥ relasss
frem & otorege tank

(1} Selected matarisle and equipme:
(2) Costn tn ’lrnlhu- are not lncludcd ia total.

wunas.“t. 3. Atomte Enargy Coms

of toecay,

1979,

Plsq - Urpnium

(Dgecnret C'"M;Hﬂ-- faerxy Supsly Rlsooion Hedel. 1978,

o Enyfgonmental Syrvey of the Uranium Puel Gycle (Wash, ]248), 1974,
Mintog, M(llisg, god Comvevelon,

(a)
(% 10'5

x.ts"'Tg‘

= lo-i

¢;r.xs‘"
6w io?

St
2.43 & 109

fouat®
LX)







Supporz, waTehouss and storage
& roadwvays and parhing lots
© storage yards - UF¢
slectric meltchyards
» stasn pleat
® sectroulation wster systam
protection weter system
vat {chanical treatment) plant
nitrogen pleat
&y

yueyq e3ed Supasayg

« fleorise production

AL
ecycle fisafon products
® st enisstons from cosl-Fired statlons
. for electricity generatioa, especiallv
particulates, S0, and Wy
. mu.. u..lml- countog mlating sad
ogsieg condit
of

. and tes
nitrogen oxides, and suifur

® liguid afflvent coutslniog calclum,
chioride, sodium, asnd sulfste foas

® emal} quaatities of ursulus aad other
radicmuclides in gassous aad 1iguld
afftoeat relasses

» water avatladility

® veste atorage

® asteing nevtraltzation poods

 accident Tisks - [ , exploston.
criticality and usfntantional UPg veleases

® transuranice 4nd {ission product vontamt-
nattos of e tquipaent ead eaviroa~
wental re. a procesting Tecysle
fuel,

1) Selected mateviaie and equipment tems
4V Crute lo pacentheses are not included tn torsl.

SONRCES{AIN, S, Atowmic Energy Commission, Eavi
BI.S. Energy Rese

ERDA-1343, 1973,

-
Sest eachemgers 11300 fe2)

Enviommental furvey of (he 5
f, and Deveiopment Adainisteatlon, Drafe

dischangad 13 water
bodies fec power plaszs) {,:07

steam zarsogemerators (Mie)
panps & drfvers (1300 W)
axial compeesmor (1000 W)
fuge comgresscr b drlnr

<SOMtTUCtivo s

manpewer 30,000
aaterialy 270,000
s gt 100,000
other cORSiTeciiom 490,000
load Tights 10,000
ecalation during
constrwcs tend {820,000
facerest Seriag .
cesatruction. 12,270,000}
lworking capttal ) 480, 000]
torsl 2,470,0m
operation b mainvensace . 330,000
oo sorierel!
comacTcElon (3 peass) 2.4
operecton 1.0

(2) Thia value represente the amount of U-233 (0.2} contained fa the CTg deplated tatle assay,

saltare (1928

]

Seaniam fogl Cycle (Vash, 1248),

uraatum

Otbar fissiom
pr

(7324

g
heat discharged tc
wetar

beat discharged to it

IRERCY PRODUCY
woriched 235, ta CF,

sr-prepuers‘d?
lslc in tafls

uM.

{ G.S; Urznim

mxshsu__u_ux-
1o} hechtel Corporation, Toergy Supply and Claceiog Nedel, 1978,

Nt et AT o [ PR Gy e e e b oy SR € w st we L - ol . * N
oy ssTon sy s
HE ¢ 12,000 conslyser er M Proasced) .
o ewports 01 wobel Lisht Vater A
Meactors (Lilke] & Loy
o 8.4 tome W, produce 1042 Bew e s )
thut ta
. capacity factor Dy o,
T tecovery d;lnhuy o alectriciey 1% 10
® 10 year lifacing [Py ) rop (6}
teaporarily commiiged .04
e eom #11{uaton aucichasst 1o sdiatarhed aree oo
accompl inhat by paseing the volatile -
Urantum hexafleoride (UT¢) compound persancaty comitiod 0.0
theongh porcue bartiers o caacedes o
1o pI ice the product material
. 23 wr acyecbs.
pavcear 233, Tlacharged 10 asr 10.7
{os comt )
e ateas - process. matitarise ans Rvorii el 0.8

Lurtes

a i. TR

ll(h:

535

-
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Uranium Enrichment Gas Coentrifuge

DEACY SvaTIK: szt wes: ’ D PROPOCTS
en 1042 SeuProdeced) n-n?lﬁ Bew Fraduced)
TR meaporte T3 maee) LUt Water Rasctore Gta) - frevsy A vy (9 »
ﬂ UPg yeeduce 1012 Ktu sutpor 73 8.4 :z:lm- %E

& capacity factor
@ Cacarecy alfictency 83.4%

® 10 yoar 1ifattng enal (nasileg snd [(33
procens ssemm) .7 tone
saseling and dianel h,
toal s 1o o
stestricaty 14 x ot wa®

@ Gaa coutrifuge encichwmet (o siather to «
assecus diffuaton encept for the webetl- 1ann e
tutfon of camtrifuges for the system of tmpersrily camnitiod

cowprasests sad barrier materiale. o plant 0.43
. : dloturbed aren 0.23
onllagabed srea 0.20

® preductic tectiittes comitead to landt1ll

® fend, product, and talls with- dtageval {year 3000)
drovel systems wanjmn- ot axine

o recycle/assesbly plast emzerial

® facility lor eqviment decontami~ wncout amtsated mpgerial
astion sud wreatlum recovery eal

© stesm plant .

@ Riscellemsous swpport focilt o

© laboratories s ar

o hecthetar ooy Naradl

® recirculating water systen o

® sanitery water systwm Atscharged to emrer . m_._‘"‘mJ cartea®™

o (irewater system plasec aar (eatal Saring

o 58a{1077 weage oyeten opetarions """‘"“._. ‘;“ v3ww?
atorn dreinage tory waota topee

. s rede roral copuired (atsce no Cacyrled fend materis]

. o ¢1mmal casarve tugs ‘:u tor et~ :'z;;-

@ haet dtasipatisn system far f1; , valees o

@ toll earicimeat factlity - :)""““") o ...xa:m:‘- u-‘m

s cmces -2 are .Q. enly for gessoue difluston}
® $roves misatoas from cond-Fired . poomet ]
ation for hesting, ’nxm atoam ik ,
ad alactrical powar copper
1.e., particulates, &0, -.:-r -.u. atac Lar )
. WO, . carted

A a0 B, ot povieg marsriaia3) e (ual 13 a 0

rem ot went v el -

& 11y esh eud slxaty diecheraes to helding Lasemas Frvbucta 083 (aiace o racycle foad materin)
o = R e
wate ¢ oat focti. nes Tor . .

M Nitest b boldtes soud Y e it M-108, 2e-E038, Co-1)7, Co-164,

© Tedivective enissiome . Prey Pl ond Tc=99 ace showe caly for pasecus

& water mwtlabiliny vetor fabyication plaat dittuston)

@ sccldeat rishs - critically scctdeuts, Prrar »

gy Teiosmms.s (iven, dnd cemertfuge fowl
felteee pematiog & maisteemce
wmy [
oy, (0 epea® Bt t1satpated frem
———recien (7 paars} H steme plamt 0.2 2 1o?
Doy <
tn Wy i)

11) Wete materfale deta takem from m 1,943 reposted for 10 plams, ».
(2) Selacted matersals asd wquipmenc

(3) Weterials fo inclodad tor -llln" wotor fadricatien plome.
€4) The total tucimées 0.2 worhers per yeor for of the rocor

Plast vhich veguirss showt 6.75 Fests

(’) This valve reptusente the “ of 6,233 (0.25%) contatand ia the deplated " taile sesay.

somces*b.s. taergy n..aca -t ., Prafe Capeoss Biffeeten
Plear 10, ERDA-14S, 1976
™) v.l n.r;y Innrch sad Development Duaft
ty. KKDA-334, 1975,

(=)..x_ Atamic Daargy Comnisssen, Sprizgmgatal. Sasvey of the Grmtws Pyel Cpele (WSU-1248), 1974.

of U.3. Gremfem
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Yuel Fabrication Plant

§1

o— et s e - - s
) or 1012 Do Preduced) [ Ben Produced)
SR © 990 temm/yesr cuppects 36 medel Ligat !., )
® 349 toms peadece e owtpur artehad 233y s VP e g b5
® 0.8 anpanicy Cactor a 028
: » pome ul::: b o @ 0‘::“‘
o nwa 4, r waligirla
watwel gae 13 %105 eef ”
IR POLLUTANTS ol
llﬁnmu.u-u-_n-un ey o s iy %
comvarsion of Wy te Wy Cmporarily camttted - Beemy L1e
fooymertbemty Mocaneiog Lociniing —bia flacside ol
prodnction sud fesl slemins digtuched
fTicotion loaded 1a sireoloy ov state- pernsamtly comitted F’;‘-’
l:auu:‘lub- t1tead vith and caps -
-

W
3 a

» vaperimtion i Staam o
aloirically buated cablast “a.0 Gugtas(®)
® Yydrslpets - Tascting UFg with B30 te 43.00 L3 1
00,77 selution s.2 2w 10
¢ procipitstion - smenimm 4o to l.:: “,
L] ¥y te - durensty
ey ol e el aso) 13 i T
A% slwties o (5]
® calclastion - AN 1o calciasd by Maatisg bl & ’
® Teductive - AN reducel te 80, pewier 18 » h ‘"““(uAm .)‘) g disetpated 0.4 x 10
& enbuctag stacephery (hydregim) e
Meat eachaagers (1000 fed), .03 :.H"'
m_!.m%m . 2™ el ;
Pretreataat of 00, pavder by cvmmimrion,  COOYE uunm’_-r‘ elaemte
esmyaction sud gremmletive te sbtain de- comtruction
stred particle pise waayover 60,000 - 120,000
® palletising navariale 10,000 - 60,
o Encuring of pollets 1a o rabucing oqutment 80,000 - 240,000
other cemstTuctios 20,000 - 40,000
@ grisiteg te finished dlamesions }mﬂ:ﬂ {400 - 1,000)
© veshlag ané dryteg the pellets
® leading palliets fats fual reds snd weldieg cmstruction) (20,000 - 30,000
the end taps (interest dur!
¢ mswhls fenl reds to form flatsbed fual -t 30,000 - 30,0000
slenmts (wecking capital) =
kotad 179,030 - 600,008
Wﬂm&m oporation & matates-
. wtien of ermsis fn Adtric ecid te ouce 180,000 - 260,000
'n"--’l -:‘n-u »)
® gurification of wweatms solvest PEagomn,
Crtractioe taret Teestruztice (U2 yasre) a%n
® tocesvervise of ersnims co THFWS to opecation -4
90y predwcrion
PIRORENTY).

. CORCARIg
axisalons Frem coal-fired pever plest for
lhtlrlclry pamtetios
1-.14- 1oa fram fadricetion plane
rogen compemds in ll'ul‘ afflesuts
u:-.n W, production sd aftric
-

!
£
fa
i
£
!

i
i
'g‘!
i
f

cyltader
relese rmo 1oe 08
nlunh‘ ll -l ertticaltty acctemr
n) Selectod satorial amd eqetymunt §
Mnl-unwn.xnh-lhrnnh. Lot amd 20d, Coats ia arm mat
Laclwied o toral.
U}m—r—nmmlm 12 there is we Py recycle, two pesrs 1t there-is Pe recycle.

SOURCES :(a)?. §. Acomic Rna! Comisslow, RBuvivowmentsl Survwy of the Ur. Tuol Cycla (Vash. 1348), N
Wbichion Corpererite, Boecay topply Plamitog Bedl. 978 sl .
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[Light Water Reaotor Nonradiological Bfftuents

DY SYSTIN

5% o 1,000 MM I.l‘t Ssacter (LMR)
® ponduces 1 lb‘r.

® 0.7 capacity loe

& esyesrslen officlancy IX

& 30 yair 1tfeciae

o

® Light Water Rasctors (LME) cenaist of
tve types: prosenrised-water rsacter
(W) vhich heats vater without silow-
ing 1t to beil and the hotling vater
resctay (IR).

WPTIAGAENTAL CORCERRS
® airberse chanical offivents Crwm
cooltng tower drift relesses
* pastove fadioactive rulasses [ren pwwer
facilities (Kr-85, Kr-87, Kx-80, -3,

1134, Ze-133)

* Meutd chumtcal sfflmants fTem couling
oyateam

o Mouid ullneun relenses tyen

power
factittien (B-3, -89, Sr-%0, Bu-108,
t.~l)‘ 0:-"’. l-lll. &“. o33, Co-1M4,

- 1-1 .

© amilability of weter

© speat fual tramport, storsge. sad
dispenition

¢ harual oltluente

® coelfng water chauical offlvests

® tremanisgion lines (covrider atlect se
wildiife systema)

® sssthatics (cooling tewers smd Cramemtsaton
1inan)

at end

L b
of plast sseful life

* accldent 'un-n— Llen bresk, ved
ojection, Loes of coolaat. ekesn gwmerstor
tulle tupture, other tramalents, {aflers of
off-gas system, ead veste tanks

LMy conslat of & 2:1 aix of PR amd BRe
**Salectsd materials and equiyment ftams
fore:  Yalues raported in ALAR wre dutiend

Radlation Besidaly, Wrv~6311, 1873,

0URCES:  (a) l.l. Atonic Baargy Comaiagton renm—ta)
o e ey of ¢ ranium e A 1924,
(0] l-:iul Cerporetica, . » 3

{d) U.5. Kavirommental Pretectisa
he LUR Pusl Cyele,

“vow Bineslle, C.a.,

2 SWG-"—.U

ey “Temawafc)
comtrets lb.ﬁ.n
tatel stesl & castings 3,430.00
Cwppar, brese § brease 104.00
aluxisgm § castings b1
manganese 18.00
chrontan .00
atchal 3.30
caat irea .20
stam 47.80
eteun turbines (1000 HP) 1.00
panpe & drivers (1000 &) 4.00
anchangate (1000 £ed) 14.00
@nclaay gtesn Svgply eyscems 41,00

costs Sollacs (1928)fct
cemstrection .
Sumpouer 9,080,000
materisls 3,230,000
Lord t 7,980,000
other comstrection 6,280,000
Qamd vights) 130,000)
»! 000
during
osmatructioa ) 1,990,000}
13
csagtrection ) 3.350,000)
ncking copttaly 6,130,000)
tegal 26,270,000
eparatiss b maistesance 710,000
Esmscmr- Mortaryt<)
costruction (9 years) 1.0
sparation 5.7

e 1ol % Trocs
Tona®
e -

8. 107!
Shromates 57 x 10t
27 07)
cAlorides
I‘F’ 1wt
chlovine
phoephate
borea
hteaytes
actde
rgemics
tecal
” 11
eat dissipeted ! % 1M
FRDUCT Ta-hr|
elecericity Tors it

4 11

S1sinm:

—

L

J
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Light Water Reactor Radiological Bffiuents

Note: A1) coafficients Hsted below are par 1012 Btu produced.

..
Swins a
et ) ™ Co-30
ar-dl 2.0 3.2 » 10} Co-80
Ke-43a Ly D o8y )
43 %90 L6 s 0! .-% (8
[ n [RTRT bl 8]
[ v.08 1.3 a 100 9y L4
o 70 134 = 100 -1 s,
e-13le N 550 a 108 -7 I8
Re-233 408 v 10% 132 w10) caid .o
Xo-t 3 112 e0? Coi3 ra
X133 430 « 10 200 10} o137 a9
l.:ll;;- o 2610100 Ce-1 .
1.4 x 10 %A Se~i1 1.3
P 107 4 107} 2.87 8 102, o133 1.9
:-::; 3.28 % 20 3.9 g 10 Sa-129 [ 51}
- 2,16 u 207, ~ . Sa-140 1.60
e 1w ::_" 33 x 07! - a-160 1.0
= T3 & 40 - . =) 142
Y Taa ::_.’ 3.9 2107 ce-31 v 07
.00 x - =34 4.1 5 10
€16 1.6 5 100t 3.0z 1074
Co-31 6.0) & 10-¢ o LS ] 3.13 1 1076
Ras naee ras
et er Cug Lon Curies sty
ae-a) 27 a0t = -3 S x 10
Ex-43 2.18 » A0 3 - Se-75 1.10 = 10 3
-5 413 a 107 M w03 308k l0y
- [N e ™y o8y 1091« 2077
- 3.0 « 1073 “ e-90 4.4 2207,
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(1) Bats valuss rapresent the 1ife-cycle walues por 10'2 Sey divided by assual smergy ontput; f.o. 1.3 acres/10'3 Beu sasually or 2.1 § 20 = 9.36

scres/1912 me.

(2) Comat
for & wet sulter diontée scrubber. -
€3) ftandarde Cor FIC have yot (o be promuigated.

‘Cogt_Comparisse V1,

od-| Canbrest va, Floe £
e

1y the asms as & cowventions) plent of aquivalent ropocily encept that tha Lagter wass approximstaly flve petcant of tegal water wse

(Era—400/7-771-128), 1977.
Tenanszes

[

5

FW
iJ
]
k]
)
-
.
)
.
.
4
.
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'Iﬁmonpheﬂo

‘ p|

4

TG SYETIN: csouncas Uz
(Par Nag 1032 ey, Produced)
S1ZR: @ 600 Wia sentad} retisg

MK» m(l)
coal: Vesters swhbituminous,

58 et

© 548.215 Mis gross plast suipw 0. &) pare: tes )

. s: 903 -A' aat plant owtput Towler Aver, Wyoming, $05 1,0

£ 207 Bew por bowe oY 8033 Bew/lb 0, 382

HX(- - operas Lea) Apdvecersons leoa thes
15.22 & 10M Seuspear 08l VLTINATE MUALYSIS 3 q woighe} @ cowvent tunal
aat plame sfficteomey of . J4.438- carbon - Porer acatio

© planx lite 20 years .3 of ageivalant

0.7 sagacity of

L . .t "

® This process (s based om the cowr [X]

bustion of wmall places of cosl 1.5 Yy ]
Spproxisataly sase waluey
11 conveat tonal
N station of equivalest
aise caty 20,4 capacity

séded dtirectly to the con-
buation aliove the comcrol of $0,
oalssions. The fluidived-bed
therefore achleves SO, comcrol
withogt the use of & Comventional MATER] %
12,

Limestons flwe g8a scrubber. Timestone
Dojlars é%‘ 1977}
19,300,

Plutdized-bade also ealr 1
56,110

wn
conpumptive use

YRODOCT
Sade load eluctric pewer

then conventicnal boll
ined-bed conbustion can be appllied
€0 & wide range of coals sad
Sotler sizes.

costs

comutruct.

operation oy malotenasce
: PeAsoen,

approuinately sama valus as
conventional power station
at equivalenc capscicy

CHEORINTE .
® wals fluldized-bed bosier
© ATIC otem gomerstor
Stesm curvios -
® carboa bura~up cell
.

crciones

abele fileer. mora than YT efficient .

cooling tover - . .
® genarstor and cemstorsery

® solid wasce dtaposal
® particulate emiselons coners!

(1) Dace valegn r

acrea/10
@ ly-uu-. at

ravent ilfe-cocle values par 10'2 Doy divided by apoval energy output; L.a. 29.1 acressi0l Btu aseually or 29,1 & 20 = 1.4

1 affistency ot ouifur rewoval. & 833 effictency, the 50; emlesfon would be 48) toms/10'7 Scu.  This plant te denigaed to

30, emisston etandard of 1.2 Las SO2/m¢

o c-unuy. the sase &3 conventioes] power plant al aquivalent capacity except thar the latcer uses spprozimataly thres percest o( total water -
use for a wet sulfur omide ecrubber.

“w !u“.lll- for FBC bave pet 25 S promsigated.

SOURCES:  Sradley, V.. at
.5, Meparraenc of inariy,

Stone asd ebster Eagimseting Corsoration, Technical Jotes for che Conceprual Design for an
Combustion Power Senerstisg Piat. 1.5, DeparCment of Enarge, T9TA.

dized-Bed Diract
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Magnetohydrodynamic S8ystem

WREAGY BYSTIM: axsovecyy

i
(Per 1077 B4e Produced)

3128 @ 2,993 MWhe gross eutput L.
« 1,932 Wde nat output coal: [ilinets Me. &
® plast offictency 49.02 . (steenteo)
* load l&u;
® 37.5 x 1017 Beun mat output par your e,
tecal
!&‘gg R
© Canaratlon of base ledd slecicic power e
usteg magnetebydrodyasaics. Seed Mareviel CAMewaytive
(Potassimm) 18 mixed witl ftagly grownd
coal and tentaed ot & aapecoture snq OIS 1t
potsed through & Sagaeiic iald to conateuction 3
ervate electricley. st oporatiom & -nq—-u‘ d

® pulvarised coal burser PERSCEMEL
(2 stage combustors) ceaatruccion
® MED guamaretors operetios 6 asintensace
® sewi tecovary systes
© 3teas botteming cyele

MIRGOITAL COMCERES
© particelate mimsions
© potential For 80y sateslons

A = ot Aveileble fres cited seurce.

itk

] T

[ N PERETS :

(Per e Preduced

AlR_POLLUTANTS i

particulates X
N 300

0 00
=

\aTER NelTaTS

Slewdove (roe cesilag and stesm
systen. Siailss te emission frem
s eleceric prmr staties.

1) Rapressata tecal land Tequired foc the plact, divided by gamesl wargy swtput, Reasursd s crilliss ste.

(1) Mepressats cosatruciion costs, divided by
(3) Includes tunk coat but sxcludes cocovery of capiral.

BURGE:  Gemetal Blectric Compasy, Sgudy of Adveuces lmeigy 1]

astmal enatyy witput, Smasuted i trillion Bru.

%Jm Toas
areace weates 7500
fly sk 140
DENCY_PROCCY o
electrical smergy 2.90%8 19
Jomg
sulter 3,100

Adveaced Lascgy omesryioe Techminueg for Uedl|sy Appltepciony Ueing Cosl e Cos: 3erived Pysis,

H [T LA

e

w
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Coal-0il Mixture Retrofit Boiler

BEAGY SISTRM: BEIOURCES USED: RESIDUALS AND PRODUCT
(Per 1012 aeo Output) (er 1053 Beu Outpur)

o [0 AIR_POLLUTANTS (cone!® Gqoss  FSPS Hec
e 5% “m“’ faceor 505 cosl-otl wix by weight Fariicolates 1968 14
® 3% thermel effi~lency o8 5 103 barrnle, Silfur onides 2527 1297
o 9800 l:czdllhr heat tate Coet ~ $6.57 = 10%{¢ by oatdes %1 “s
® 5 'x 1012 Beu/yr net emergy output Togren ox. n 0
@ Operates 20 hr. per.day, 312 days per year Catbon momaxids It 1
o Ho. 6 fuel ol Bydsocasbons
@ Appalachisn Nituminous coal SATER POLLUTANTS Iy

e Rac - ot botlers soLID wAsTE  (comef®’ Gpoes £y

are & favorabla terget fer cosl-uil mixtute oxacy [ Bpant sorbeac sad sodlum bicarvonate 4 »

{CM) comversion. These units generslly Pual cTatn [y 10 Ash .

Tequirs Frtatn modificetions. Use of Wesc- D (limestone wet scrubber) 4.0 x 10y " A

resistan E.- loys ead enlarging orifices are :7 X :: = :g’ Total -

=50 prevent and to coat 7ol Q= L.

snsure & §oupacible vigcosity range. fSxiet- t comtrol and ash haodling site specific EMERCY PRODUCT 2.93 x 10°

ing fuel train pumps msy have to be replaced L Acrea Klectrictty

with wear~resistant rotary gears of pio- Yast: poss 12 ite 12841

gressive cavity-type pumps; valves will siso Uaate :‘; 1 (landfill) . ope o

need ‘to be replaced with full-bore, ball- ] Acte-Teat

type units for control. Additional E'“:%._“” 171.-

sootblowar capacity eay be required to

control the bullup of residue. Additional cosy 1980 Dallpra

particulate and sulfur oxide controls will Betrotte - .———4—',“ = 10

be nesded to conteol emisslons. The capacicy Asmus) operating & wetntesance (% 9.0 x 1

of the boctom ash Temoval system say waed
augmentstion. Assuming that the COM s
purchased from a central COM preparatioce

slent, the extsrtog oil wnloading factlicy enna (O .2
can b; used to wload COM. Mowever, e o'::::‘.r‘.:::w ce {coeal) l:.;
isdependent CON storage and hasdling systes aoemsnual, soutechalcal 2.8
will be aeeded to achleve dual fuel capecity aacual 1.0

(80 that 041 can be burned pariodically to
aininize the effact of darating) .
® CON puwping systes
¢ EKleccrostatic precipitacor (ESP)
o Soothlover '
o Bottom ash bopper and hemdling systes
® Flue gas desulfurisstion (PCD)

Dvizoeamar couckaxs ™

¢ Afr pollutica (sulfur oxides, mitrogen oxides,
catbon

sad hasardous trace substances)
Ash diepoesl

.
. chates
» Sptils/lesks

rosomn.
Comatruction (retrofic)

-

Bo. of Workers
[ 7Y

.Anu— O/ wsapover levels are similar to that weed by a simtlarly slzed otl-fired power plant.

SOURCRS: (&) Pruce, Leslfe M., 1980, Ovs: Botler Pwal of the Pugure? RXowsg. Yol. Wo. 2, p. 120.
{d) Brown, Richard (editor), 1979. Nealth sod Ewviremmsatal Effects of Coal Tachoologles.
Realtk and Enviroomental Effects of Energy techmologies, Report Bo. DOR/NMM/EPA-O4.
{¢) Ceorge, Thomas J.,, T.C. Campball, and Perry D. Rergmaa, 1979. Coel-01) Nixtures: A Good Idas from DOE. Cosl Mintng sod Processing,
nl. 18, %o, 3, p. 7k,
(4) DOE/EPA, 1977. Koargy of loull M. Steam lhurl.c Genersting [ndustcty
{e} Foo, O.K., et al., 1980, Harkat The MITRE Corporatiom (u ba published).
(2) Bechtel Corporaticn, 1978. Rmergy Supply and Nodel. Sam lnn:loeo. California.
(g} U.S. h-lra—nul Protection Agency, 1975. ccqn-u- of Afr Pollutant Emissfoc Psctors. KPA Publication Mo. AP/62.

Prepared for Fadersl Intacagency Commiztes ou
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OERCY FYSTEIN:

it

{a)

-n -nn- Sacrels (6.26 2 10% con) per
30/30 aixture of coal-asl
N lu Sty per yasr
® Opsrates 20 Nours pat day
® )12 days per year
# 10 yeatr plang ltfe
Bo. 6 fuel o1l
® Appalachian ditumtoous coal

ascarriicn’®

® Wen 2 large centrel
Wuxtom OO% facility
1thely to s1s0 (nclude sn slaboral
basafictation capability. Coacsely
beneficlated cosl wuld be deliverad by
& wail TTAla to & Totary car dimp and
thes eved (0 & Cramsfer wouss. From the
tranater howse, the coal ie eithar browght
5 & Live or desd storage steckpile
taraugh & stacker/racleser or 1t £
1atrobuced ta the cosl-ol) mixture ov
the coal bemeflciatios chrcutt throwgh
@ -heur capacicy process surgs sila.

warcical roli eil1) which reduc
coal to 90 percent through 200 aash.
Syclems Beparater Coeders thew Lrsmsait
the coul for mixtag vith oil. Either
contimuous or batch mizing say

wmployed. {(Barch aizing appesrs the most
Hkaly for tha taitlsl tacilicise.)
Batch mining conststs of {111tag & tomh

ALSOURCEY USED:
(Par 107 Btu Produced)

w
Conl:
Coarsely bomeficieted Appalachien
Slrumiaows 1
Operating Anoumt = 1. 6 xe'r

tug Amount - 9.4 x 10° berrale
ron auvsis'!
caa
Level € bematlciated
I-un‘ Valus ~ ll 060 Btu/1b
7 eultyg aex
$2i/tom

o11
l..u-‘ Value - 10,800 Beu/th

i tus
Moo rrras™
Pesaity - 5.1 In/gal

ormmaTING Al
e

ALR_POLLUTANTS
Pugirive dust

AND PRODUCT :
Beu Produced)

Nydrecarbons

Mavma

M__!%
ng value = u 930 Bte/lb
Deasity - 310,
Cost - 31.47 & lo
squity sad 3T (ngesest va dabt
Amcust - 3.13 8 10° Toas

4 2'10° e
(e}
Tives 1eae® 100 scran
wn
Cansumptive use Begligibie
™, (©
T tavestount romutromacs 6,60 u 105

tecal plout cost, fasursace  4.16 2 10°
tanes, interast, snd

wegligivle

/oarrgl .
8 17710 6CF wien 602

to & apecified laval with o1l end them warking capital L2 w‘
» bloading 1s cosl wtil & second Lavel Total. operating cost 3.00
-3 19 veached wvhich capreswnte the desired rou Beteriale aad utilicies 1.42 lﬂ
mixtors. [t 1o assumed that the CON tp - direck labor 0.42 = ID
dallvared te aarhatr throwgh exleting plaat auistemsmes (matecials 1.05 & ln
S, & fenl o1l distribution systems. owd Sangover)
., wverhesd ‘2.12 & 20}
mason Grewomgats 0t tazes, tasursnce, amd do- 319 2 10
¢ Satsery bmit " precistiea
Botary Car bump 1 -
Stackar/Naclalmar 1 PERSOMTL «
Coel Stwckplle 2 Comsttuction total (h)
Process Surge Sile/Mopper 1 wonmemuat, cochmtcsl'®) .,
Palverisar 3 » mowtechal
i 3 wawual
SLL/C0N Stecage Tomh 3 Operation, Ih‘”-nun -d
(100,000 bb1} Superviolon
iy comops
losses Irem oll scorage and
ceapafer oparatisns
® Pugutive dust
» Bameff
* Selse
® Leaks/Spille
€1} The CON facility 1s asseesed without & coal bewsliclation circuic.
(2) dammes & ceal throwghpus of 10,000 T/
{3) Costs are based on GOE Noathly Emargy Review Jawuery 1380,
(4) Asmmwe that lamd required for the COM facllity wowld be about thet lo.dl‘ for & similarly sised pecroleum bulk statiom amd sowical (11.3 acres fov
40,000 T) coal storege needs.
(3) Amswmsy constrectioe manpuwer needs weuld lc about that masded for ¢ elmilarly sfzed patrolewm bulk statfon.
(%) Pugitive dest and evaporative loases are ll‘n y dependast on site specific eveats and operatiag wodes. fFor sxampla, (ecto:
rocarbon emiseioms Inclede: trws Yepor pressute of the stored, T ure changes fa the tamke, haight of the Spac
schadels of tank {illing sad emptying, wechanicsl conditiee snk and seals, -l Aype of tesk end typa of paiar applied to unt surfece.
JOUMCES:  {a) Ceol T 3 (IN8), A .C.ltl.ll Coel-011 Peapdracion Facility: Cencepts and Ecomomice Asmmiong a 30 r-r:u: Miaturs (33 Williem
par year)," U.$. of S WY, Procass Off (ca, Raport No. FE/EES-79,
(b} Srewm, . (ad.) (13FY). 'Iulth and Bavirommental Rffacts of Coal Techmclogies. . Prepared by The MITRR ccrpdnllll Coc cha Poderal *
o 1t tffecte of aergy Techmologies. MITAK Raport Mo. NTR-79WO01390L.
{e) Bachtel Corporation (197M). II-m Supply ond Plasalag Model. Sas Fremcisco, Califorwmts.
y L r ) s
o 4 LV B! oy a3 -2 33 3 71 U
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Rastern Coal Unit Train

6t

S13E o ome walt Crain carsiss 10,300 tems of
coal par trip
wix srein contets of 105 featghe care

anch carryisg 100 rons of energy coutemt 12,850 Btu/ib .
@ four diese]l lecemotives of 3,000 EP sach
® tam opaze frafght care are caverved ey 10 anan-. 1.3
tor ench wmit trais g = 10 -d 3.4
* each —u (nh u ssmmed Lo make %0 (1) . Aldoiydes, acc. o.¢
Tound ¢ ear. Ksch trip te tam't :
700 ailes (mt 12 o0e vay (2 mo1yn
® 99,758 of the conl loaded oa & weit trein WATERIALS Toms Tolse inside dlese) lecommtives
1a succamsfully dolivared to Ste danti- slunison 1. Tonges at lasst &5 high o 117
sarien—0.152 inefficiancy accounts for beass & tromse (castinge) o.15 decibele (£BA). 100 fest frem a
Losses In haséling ead wind Losses 1o chromlum 2.10 moving trala, nolss asy be appros-
transportatisn copper .9 tmately 93 44, while at 1000 Heet
® 30 yoar 1ifetine of cars tron “
manganess 1.3
ﬂm% oickal 0.02
* Uit trains consist of squipssat dedi- steel 115
caced te tremspertetion of coal from . .
a single oFigin to a simgla destination. [} NN gesarated Ls affected by traln
The wmit trata described in chis e~ construct loa spoed, the mmbder of cars 1o s

sary rvas on dfesel fual {991 of all
tell ton-miles ix the U.S. ave by
#1asal; 13 sre sn alectrically-
powared tralas)

mw USEDs
{Por 1 Btu Produced)

o
coul kcansported

alectrical equipsent
®iscellanecus squiment
other comatrwetor expenses
total ()
operation sud maintemance's

CMPOMESTS ancillary enerpy (éiesal}
* fraigm cats ather .
® loconoz tves kosal
. ® cabooes

DY IRMMENTAL CONCEIS
DByieasiu cwcimy

yollution
tiscad crossieg hasard
108

Lamd ssa valus hap b.. excluded, ss it cannof

t be
u) '\-. figuras do not tmclede mstesisle (en-:uuznn costa) for tracks, loading hnlu tes and unludlr‘ faciltetes.
the

the coets of

rason,
construction (1 year)
operation & msintenance

30,000
4,000

with c

n0usl volume traneported.

(u) teul comseruction costs shova here de not imclude labor.

{3) OMt coute iaclude trache, but clude loating factlities and unload ing faciltcte

(9) Bamovel afficlemcy O percen

IT Iscledes particelatos fres lua-nnvu and fugitive smissfons.

souncys:

. Ruvirouments) lmnaccs, un:unc-l nnd Cost 3¢ Inevpy Supplv snd Fod s,

Ladl AND PRODOCTS: .
(Par 1077 see Tromsperted)

et

traia, Trsch cond1Tion and topograpay .
Nalding of trocks help reduce nolse,
and men-wate barciers con obatruct

. Enargy and Syoplv Plaantag ¥od

inzeTe, lou' Itulr:h & Technology Covporastion, TECNET,
v of Oklahows, Eosrgy Alterastivesy A Mu atvess, 1675,

740, T., Baodbook of Woise Control, 1957,

TN, fne., fawt Assestment of Coal Trsmenorcation, 191°
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Western Coal Unit Train

SOURCES: Wittmam Aseocist:

m.nn-utnhunl- 10,000 tens of
coal por trip.
® Cuit crats comeias of of 100 Ceatghe care
carey!

© 30 year 1ifetine of cars

arreion
R cratne comntoe Tt
Rreaspertat.

dadicated ta

frem & single ertgis te & -l-u-
l-tl-n-. The wait treis described
“ i this semery rene ou dtesel fusl
(992 of a1l raid Cowatlos ia tha T.5.
are ¥y dleeal; 1T ara oa slectrically-
poetet trains).

u‘l) »
@) H
brsse & beoase (cout laga) 10
[ R4
copper 1L
tren Y
—psnere 1.%
atchal ¢.0)
stond m.
oty Selacs (1978)
”-Mh(ﬂ())(l_) Sulare
alectrical speipmamt 4,000
Stecellaserss sumipemt n,0m
ther conatTucEar ampemese
speration snd ko ¢ ! Ppoi of9 *
-:ul-y (8100a1) 33,000
33,000
W !
rapsoume. L 7%
constrectien {1 pesr) -
oporstios § mincarsace .02

wicth coal

divided
shown hove do not fmclade

aldebyden, ote.

Entse inalde dissal locemstivas
Tgts at least se high as 112
dacOhals (884). 100 fest fres

wotse gumerted s -lh:t-l oy
trais speed, the mmber of cors
1n & train, track ceaditiss and
topagraphy.  Weld:

danige moise levels reage frem
35 &4 (manienm desirabls for
residances) ke 73 diA.

oy -
Trnweorte Coal Fhie

matarisle (cemstvection coste) for cracks, aad

lend log
by the gmel veleme teeweperted.
Lot .
ond

Total canstruct.
(3) QAN ceecs ud-ﬁ tmh Mt enclade leading
(6) Secetrelled,
Tacluies

m trem and fugitive

Ine
Tatarmat iomal Aesasrch § Techmology Co

19

epar TeCRCT, 1978,
Unfvarsity af Ohlahema, Swergy Alkersstives A Camporative Amslpsie. 1973,

€. Rarris, 8., Nandbook of Moise E-"o[. H”.
LY

. 1a¢., Bavircemsutal

1979,

. Usluem 1, 19794,

—

1







Rastern Coal Conventional Train

N .
[)’ ¥ . _J S i 4 e - } L w}
.
et ereTan v,
g Tl oy S
2]28 © One sesventisnel trais carvies 1
v e T i e i, e
- © A coovestimal train to ssmmed 3o —r ey
'y ) comalat of 83 fretght ears, asch ot
which carries §3 tans of frelght.
P ) 17 of thame frelght cars corry caal, b2
The sther 68 cars carry sowcenl
D oo
o o Hach comvamcionsl crain is essamed
te maha 20 roend tZipa par year.
-~ Eack trlp 15 300 eties (403 Fa}
- cao—vay.
o 9,753 et tha coal losded =
oQ o et cretn 1o seccassfully
ul'.‘ e Itw destisatien—0, 252 feom
inef f1cimncy accovate for lessan ta o
o ] Mndling sad wind liseas ia trasspor-  * aehel
m ot bon. stoal
® )0 your 1ifecime of cabe )
o T i D OI®
<D '» Convemtional tralss tramspott sevecal electrical squtpment
‘copmod 1t {0e l—ll--.:y. !‘;l, -y atecallanecus equipssat
of these products is cosl. con-
o vaiomal ceain doscribed 1o this tner conatructor """‘( ;
——— wanaty rums om dsesl fusl (¥R o S
o all fail ton-atles i the U.5. are by b rardooiny yroobity
Gtesel; 1T are by alecrricsily-povered el
- tretas). total
- o
T T
care cou other profucte easaie
LYt i tamce ehows on Thit ommagy  TOTOCIOm & satan
et ire enrated T maclods feoiEN
W cars toctataiag aca=cosl products)
w

RNVIRWEENTAL CONCERES
o air polistios (parciculates)
o notsa pollutice, patticularly ta pop-
wlated arens
o Taiirosd croseting besards

n.u [ o]

(1) Land we valee ban bown axcluded as 1t camsct be
) ‘n- figures do aot inclede satertale (copstruction coste) for tracks,
1] the costs of divided by the &

® ‘mn camptruction costs shovn here do sot iaclude

with coal

Iﬂu‘ul

e h—’.ruc)

#ldaydes, arc,

o

l:r?. 1n1de diesel locomstives ranges
ot Losst an Migh o 112 decibela (4MA).
100 feat frem a moving trais, @clse way
be appeoutnately 93 dia, watle ot 1000
fort the seloe lavel aay be ehout I3
4BA.  Lecomotive whintle scise ot 1000
fodt from a train has beas TecoTded ot
:s 484, dropplag below 70 4MA at 1,300
eat.

The smvat of selse semaraced Lo atfocted
L he bt ol a

A Hr et W vrfhnredd twq-b
Vuldtag of tracks halpe reduce wolse
men—sade Marriers cow Sboreuct or disaipete
oound emisetoes. Federel deaiga aeise
levels Tamge (rom 53 B4 (manimum déniroble
o€ renidences) to J5 dta (openm leod).

BANGY_ FRoEOCT Toe
tremaported coal »,501

Leading
nl— crmpaported.

{3) OMR coste iacimde tracks, but exclude loadicg
(8) Oncontrolled. .
7} Inclwdes trom

aod fogitive

¥ l\— l. 1915. .-! r

SOURCES: Bechtal Carporation,
Rittmn Asseciates, So¥Irog
Lanearch & rpauum.
Uaiversicy of Oklatows, Engrgy Alternativ A m-giu m;u y, 1979,
Cyvi] Sarvis, od., uﬁ of Boies Cq-ul'\:L 1956 .
o, e, 1978,

, Toluma I, 1974,







JI28 © One comventionsl Creln cavetes 1,643
tong of coal per ¢

m USED;
(Por 10/ Bt Tronoperied)

oty
coul tremeparied
ergy contens

.
preducts (all coefficianse shove
on thie summary sheot are pro-raced
to exclude frelght cars contalaing
wn wem-coal products)

o * Jocomotives

® coboose

® trecke

o losdtag sad wmload oy lnulu--
yora faclltes ch

& waintemasce ($)
searp (lasel)

174
X [
D =)
n— amy?
="_’ un m. 10 300 -u.- refiens
‘e )a nnl Lifetine of cars marzmiass (2}
oQ o 99.158 effictvmcy; 0.2391 lossen mio
are due to losdlsy, wmlosdisg. Sase & beomse
S ] aad vistage during traanic. prosarnsy
coppar
o 1eT trem
ventioaal traise tremsport veaganese
o etveral covantic enecusty.  wickel
. Ouly one of these 1 coal. el
(4] The convestiomal trals duaceibed
s this scemsry Puns on dissel
fuel (992 of &l) vall tou-niiee
| o Lo the U.3. ore by diesel; 1T cosTs
— are by o 251180
o sratun) - elacieical oqelpmnt

conatructice
N

yard Wilatnge

BevIsometval comceans

¥ poljution (particulates,

¢ wotse polluticn, particulerly 1a
sopulated areas

@ railrosd croseing hazards

(2) Thse figures do not fnclude aa
) This
(4) Yotsl cometruction

€6} Uncontrolled.

(1) Land usa valus has been exciuded 12 it caawt e

(eoastruct ioa :a-u) Proysbvten

resente coats of eo--uu:ua- divides oy tha somal volese t
at e do mot include Labs

(3) OA8 coste leciude Lracke. bt xclide 1oadtag Foctitcn

sl & PROBOCTS
(Par 2012 Bey Tromeported)

A8 rouLyvams (60 Tos
39,048 toms Pesticaistes e
2,430 Mewih o . 2.3
.0
\pbrecavhons P
@< 3
Aldatpdes, srz. 0.6
147 % 1010
n~
| uns
b+ Locenstive -‘uuo moten st 1000 Ceet
0,34 froe s traia has bewn Facoried st 85 4N, .
n.ar aropeing below 10 dBA ot 1300 feet.

e o of aolse grmarated lo affected

spasd, the embet of cars fa »
e aine trark comdlsion sad e i
Wlding of tracks helbe raduce nofse
e Ltriers Baasbateuct or dtasteats
sad sutasicas. Tederal dasige noise
levele Fange {om 33 dMA (maxigum desirable
far rasiéences) to 13 B4 (osen laud).

Doligas (1978

m 5‘
trameported toal 2,90

. @4 wloadieg

{7) lucludes patticulstas from locomotives sad fugitive wmissiows.

. Ruyironggntal Aspesmmnt of Codl Trewsporsatios, IWI.

with coal
loading tacliftien snd wmlasdlog facilities.

SOURCES MNII Carporaticn, L4 + Yolume l. 1975, ond revivtons, 1978.
Wittesn Associstes, Eavir: t4f Tnpecty, $T71et of_Eoar, Ind Use, Yolume I, 1974,
Rasesrch & f‘mu( low. TEORRY, I"I
Wniversity of Oklahous, Enery ives ive lysis, 1975,
Qlﬂ Ilrlu. od,, Randbook of 5_! &(r‘ . 1937,

L |
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SIZE » A barge tow consists of [1litesm barges,

oach vith & capacity of 1,800 toms of cosl.
Tha barge tov ie propelied by » siagle
diesel-poverad 4200 horsepovar tovbost.

ol
Expscted lifetiws of barges §s )0 yasrs.
Avarage speed 1s satimeted te be 9 wh
(24.4 kph}, everage heul diacamce s
astimated to be 190 miles (one wary,.
ond an estimated 116 round tsipe are
made anmually. Approimetely ) weeks
Por year are resstved for sedstwssos
and eiscellanecus delays. -
® Aomual chroughput of esstets coal

(12830 Beu/1b) $a approximataly 2.4

al v,
® TSP loase® segligibla dus to iw trmsit
sposds and mall exposuis sres of tosi-
pilas on be

® 13 sctesl berges, sach with 1800 tom

. capacicy

® 1+ 4,200 horsapoves diesel-poversd ¢owboet
® loadiag and unloadioy faciitties

@ commarcial navigation fecslities

1ds to navigation, ixcks,

lacarway traflic cougastion

horeline ton dus to towhast wake

& Porential water quality degredatice fram
dievel fual and cosl epiilage

RLSOURCES USED:
(Pt 1012 Beu of Ammust thrcaghput)

o

Laargy coetest

% fwal

mAYEAIALY
Carbon steal -
Alloy atesl
Scaielass steel
Total Sceel

Coppar
Alendewm

Memgomase
Curondus
Cadt fsom

ST

Capital
Coastruccion Conts

Oparating Costs

(anclodee fuel)
labor
-
caxes
Total

1als

easomin,
Comatruction (san years)

Operation eod
Helacenance

0., Procection ageacy, .

511 tome
13830 3tu/ld

[N1NY io’ Bta canswsed
0t pry woved

(ol Particulates frow dlasel fusl combustiom. iaéage losess of coal dust ase estimeted to be megligthle.

SOUMCES:  Bachtel Corporation, “Eaergy Swpply Plammisg Sodel.” Yol. I, 1975, aad reviatoms, 1978,
rICo, fac., ™ a3t Coal - 1

AR S R WY S AN o/ — ot ) R B
Barge Transportation - Eastern Coal
MIEACY 3YSTIEM:

ISIOUALE AN PAGDUCTY s

(Pat 1012 Bty Atmusl Throughput)
L ANTS

oo R - 8

50, 0.32

:i nn
Irocarbons .62

=) 1.6

Temaprii e 3Bh

tiatis of Air Poliutant Eatsstoa Factors. 3ré Bditice,” AP—47, 1978.

.

[
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Barge Transportation - Western Goal

SIZJ o A barge tow comaisra of 13 bargas, aach
with & capacity of 1,400 toms. tal

diasel-fusled tovbost.

@ Rxpected 11fatime of baxpes fo 30 yesrs.
© Assuning &n sveregs speed
(u 4 Ioh). average bau) dlesance tf

(640 Im) one wuy, sversge
I—h-l ting (total) of 10 hewre,
-ane day layever per teip, oud 21 deya
ochoaduled matntensace per yosr resmits
1a & totsl of 41.2 tripe pet year

T exeel baryes, sach

cagacity
®1 - 4,200 Bersepover dissel povered
sobost -

* leading emd wnleadiag factliciee

@ comarcisl mavipatics fazilfties
(chouusle, atds to sevigatrion, lecks,
dums, ote.)

with 1400 tom

¢ Vatarway cralfic congastion
o.onu—u-lnh :-u-o-xnn
watear
lm nllh.- of ‘l-d fue) end/er

Comstruciion (nes years)
Operatios § Mataramance

I”l.s“ AND PRODUCTS .
(o Bew of susual threwghput)

Parciculatests) !'El'i
1.47

=ﬁ u .)

130 & 180 My con- o« A.n
w—t !.a.

JPACY_FRooocy
{r Tesasportad cosl 32,912 tees
.3

NOTB: THIS PRESENTATION IS BASED UPON
ESTIMATES OF BOW BARGE TRANSPORTATION
COULD DEVELOP IN THE WEST,

() fartienlatas are frem dicas] fonl combustis. Windage lesess estimsied Co be megligsble.

SOUNCES: Bachtel Corperation, “Emecgy Swpply n—u. bﬁl. » Yol 1, I’;:;'ﬂ Tevisiems, 1978,

Ce, Inc.,

.8, Agancy, “C

ot Ale Pollntent Eutselsn FPacters. Jod Bdirtem,” aP-41, 1370,

J L J

=1







Coal Transportation by Trﬁok - Bastern Coal

- . RGY SYSTDN: RESOURCES USED: RESIDUALS AND PRODUCTS:
CD (Per 1012 dtu of Energy Dalivered Anpuaily) (Per 1682 Bty Transportad Anoually)
() S1ZE @ One aver-the-rosd tractor tratier has urL, AR POLLUTANTS
D & et carrylog capactey of I3 tons par Cosl 30,944 Tous g
teip. Due £0 the econamice of coal Energy Content 12 Bru/lb sa,
[ tranaportation by truck, the sconceically o,
n—— o feasible maniman One vay distance per xnEacY . Beus g 23
: eeip (e limited to 100 Mllas. Diesal Fual 31T x 167 Beu w
& ach truck {s assumed to operste 240 deye Aldehyden
oQ pev ysar, 10 hours per day and have an Tong degasic acide
average speed of 10 wiles pev hour, with 228
a round erip distacce of 60 wil 0.6 wose
-3 Aciorilagly. each coml truck mskes & Structural ateel 38 Fhe major sources af mofas (ros trucks
m projected 800 round trips par gear sad Stoel plate <1.3" thick 3.2 are from the englae, exhauet, 3mé Lires.
ulte in & torat of [.2 x 19° net ton 6, - Mufflers can reduce exhmmt solse from
oQ e snausily. cosTS (1975 Dollars u 10% 100 ds to 90 dba.
o Eupected Life of aach truch be seven years. Coustruction 0.13
‘D Operation and maintsaance 0.1% ENENGY PRODUCT
® Annual energy Chgnughput esciaates {excluding fusl) Transparced coal Wil tous
c- to be 0.51 2 10°7 Axau.
—— PERSOMIEL
DESCRIPTION Construct ion na
[} @ Over the coad transpurcation :f coal Oparation and maiutensnce o3
- -represents a wmall segmenc 3f the cosl
traneparsatioe sectar. Twa to diatence
b- constraints, winimal truch transport of

cast 1s anc{ctpated io western <oal supply
Tegtons.
conpoRENTS
® 5 tom ctractor-testler tracks
© Loading aad ualosding faciiities

MAJOR ENV]BOWCEWTAL o
ons from Jlesel tue! combustion

19

® Increased
® Roac demage <eu
® Fugitice dust emis

it

“tased upou & 3.¢ spa iloaded:, 3 wex (unloaded) composite sverage. PEDCo (1978). This is equivalest to 22,700 galioms ‘pcr 10** Bty 3f sanwai thr mghput.
®Sased on fupteive dust lossas at 0.092 of coal loaded and U.S. EPA 1980 model year heavy diesel truck sliosble wsisston levels.
“Basad 0n 1980 model yoar heavy diesal cruck alloveble smiseson levals.

SOUACES: Bachtel Corporetion, "Energy Supply Plasning Model,”, Vol. I, 1973, and revisions, 1978.
Ca. fac., “Envirywmental Assesemant of Cosl Transportatfon,” 1978.
U.S.. Eavironments] Protastton anency, “Compilatiou of Afr Pollutant Emission Pactors, Third
€airson,". AP-A}, 1978,







S8lurry Pipeline

m“, usD:
(Par 1014 Bew Tramsported Ammuslly)

“l-ﬁ‘ & PRODOCTS :
(Por 10T Stu Tromaporced Ammvalip)

2138 ¢ 1,333 mile pipeline with o m toes ne AIR PoRiUTANYS
right-ol-uey (this based on conl trasoperiad 32,510 coms The suswat of any polivteat eaftted,
- - nn;:ql:‘mxm Satween .-.,.... snergy contrat 2,450 Sty If any, is ateews.
L e Vyoniag ané N\r-
s 1 capacity o 23.0.8 10" tons ——) =, a&m
(4] * ot ool “32.3 x 1012 neun) alacericiey Liato tes coal slutty has bewn downtered,
@ 383 otficlency losses dus to (e wate warer contataing Su coni
(o) Eoduction of cosl haating value .\, Lam!t?€? Actes perticles ceamaiss to Ve disposed of,
m alucry warer costest pipeltes, right-of-wey iy VIEh sa open uystem, dlaposal ef ihe
pipe arpleg stetives LM wsate wmater could cause probless.
o,  Tatio of solide to weter (ia tarme Sovacoring factltcton o Thane could be wit igated by wrapo-
— of volums) (s aporoximately 30-30 slurey peuparation facilicy 0.1t . tating the wuter Ln poads, or passage
= | 5 . EMwgh power plaat coclisy systen peier
peren to trastaeat aad dischargs.
OQ Lryion Comm—yt L Ve L E
® Slarry plpelines tranapart pulvertssd 8 “ gﬁ:_:‘ .
coal suspended 16 vetar or ot}, The oy Iom Crsmsported 10 towe
'o oysten deacribed 1n this shest uees oluminm 1 esergy costear 9,260 Stu/ly
water te tramsport cesl. Plpelines brase § Dromsa 0.40 M
[+%) watag 811 80 wove coal are medar stidy. eheontun 0%
oQ Coal meved by slurry plpeiine mut be “oomtrete 3,016.93
precesesd to obtaln the proger particle coppar 4,43
‘b eize. RNmplag staticns, dmeateriag Lzos [
. 18ctlicioe end. (1o eoms cases) stocege .02
facilition are sleo vequized. afckel 0.0)
(= o oteal 1,285.98
— « pipelies e ™ laxy (1978
foV] © pping o et ract ton
: @ dowatering facilitfes pipeiiae (1,133 miles) 2,100,000
® siurry preparatios facllity ceal slerTy pruyaration 380,
- dovatariog )
. toeal
» substanclal veter requiremsats opersiien & msiscemsace
@ dispossl of -un wager ot emd-of-| n- - .
o {water asy 3o possed thtough powa e,
& plent coulleg syetem priee co dlochargal comatruct tow
oparstioe & malagraasce
(1) Laad upe value repraseis lead committad te wou for the facilfty étvided by smmmal throwhpur. ;
(2} Sased oa Sochtal tigures for o W-iach pipaline system vith & capecity of 25 ailiian toos/year, aad acaled «p fres 150 atles te 1,133 atles. !
ond sanmes o 100 fogt Tiade-of-vey.
€3) Based upen 1 & 10% 32,910 tase of Vascars subbinmtams coul.
{4) Tata roprosants tacal tomstruction valas divided by suwmsl Chroughpur. .
(3) T™hie affi:iemcy refers to the dlaimzlon Lo the emergy costast of tha casl frem setry to exdt at the pipeline. .
JURCES:  Mittesn Aspocletes, mmmmmmx_g Volume 1, 1974. .
Sechead Corperntion, Emcay Smals Plesalsn isel. 1973,
Uuiversity of Ohlakows, 173,
U.3. Gouse of Rapreseatatives Commictos s Setonce & Techwology, Overpfabc Bearissa.- Cogl flvory Pinglias Msssrch § Deve)opmyns, 1976,
0.3, Saergy Resasrch sad w&w—_&.&ma .
. I . ol Coa} wn, -
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W d

H M3 AV AC Toas, 390 pilse
o= g (V) -uo-uI:’ .
(ll .-.Mh)
slagle sirenit, 3 sombuctors
eerves 008 1 of pover plant sapacisy
I sapesicy faster
A28 offlotency
taput 10 11.7 & 10'7 Bees

toal —wul ontput 13 9.6 0 1002 Beus

SamovEre
[ L]
& combueter tovars sad tasuletern
@ lond for W
WUIMREFIA, COeO
* asvans Teoult in

teeherge, vhich say
Tedie ant 1V fatevferemce (np-luly »
" arsse of frisge ruceptien ). dudible mise,
peoduction of swen and

& aloctric and magaetic (lelds, which amy
resmlt I foul gnttien by eperh dun-;-.

uun’q) :.P’:‘:O.
-
(m Tt e 16 e
osacTete (tae! oomemt ,
sl e=
capper 1320
”.9
magamene i
shrondw 1.8
et tren :::2’
. .4
at-nl
(eoy ba stanitencwasly vood m
for sther purpeses)
ooent Ballage (1070)
censtrective (2 yusrs)
laber
eva-emsa) techatcal Lebor 430,000
mew-emaus] nee-techaicsl “:m
eamual laber 4,310,080
meterisls
su-fervous setals 1,548,000

prinary ase-|
fobricaced stvwctural sreducts  3°520'00p
other ssterials “ 530

oputymant
othet cansiTuction teats
toad comenction

taduend slecteic shock
cardloe pocmatare.
ol—l-n.a(\—-nr avat MM lamd cam be
-ull-.\'tt-lt-rc)
.f-l'.lu-ly Alacherges

aperatise [,
fevoed 14,800
material 4,480
oquipmant

tetsl speretisn end suistansace AT

comsTrection (2 years)
ava-atnmel technicsl labor
clvil snglaeecs
slectrical esagiosere
wechenical

aistesence [ 34

1) Total aloctrical imput te lime to got 1012 Scu out ot 821 .llkl-:y.
€2) This 1o ®ot an snhovstive 1ist of all wmaterisle teesired.

SOVRCES: Becatel Corporation, Raey, 1y Flasning Model, U'h_ 1973 and ravisiocns 1978,
oad Caty ﬂ?m‘ﬁ"%“"n od,* femiroment Magssins, Jeofted, D900,
A,

vo-l 1975,

Volcage Overhe
o An Snemtnstios of Electric ¥ie} © DIV Overhasd Tranamission Lines, EPA, 1

977,
c u-n-y Assesenent of Lnergy Patha ve. m-urn-‘ Tlgettic Powey Cenarating Fecilitiss, Fimsl Mporr,

tions (WALT) Program: 1n

Eriijey Lime Prepoesis

Sss0urce and Lond laves

l'l'l—t'il. [1 1N
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R Vory' High Voltage Transmission

LIAR © 308 XY 4C 1tae, 300 ui!
o tight-ot-vay (NID fyrairy Y
1} acras/uile)

. u allul-cy (r..ltu. frm = esergy
1ese of sppeoninstely 13 (or orery 108
-nu. of trameatseten 1
o tatal smmal Soout un:-nﬂ ue

[
Sanial ontput 18 20.8.5 1632 Bewe
1 = 100 B}

tore ave Gnde of strasied

ll-l__ vaile the grownd witss STe steel.

® conductere -
© Combuctor tovers amd taslatoro
o load for right-af-vay

® corens ® mey rosult (a
vadte md TV Il"lhr-tu {espexially 18

:.‘P-"ul

(opuivalont ta
m = 1012 Dow)
WATRRIALD (1)
smcrote (‘u:x-ll-n coment) El!
el
—— 1
chrenian 3
wlebal 0.:

Antiuding wume anisly sowns, ey
e gemsraced ¥y carwnn of trenssisstion
Alnen.

ﬁ and eagnatic {1el4s frem 300 €V
Coved

Limen wtl) Mynumvﬂi
cardian

Lvﬁ 100

aress ot m~. mqu- 3o emithls estee, — . §
ant production of electrical spipaumt 4,000
oy 420,990
other ssmpixuction Costs
11,310,000
-t anial .
eparution —
e ' D
© foel fgattion by spert ¢t e tel 3,008,
Roorpamnd .00
seammen
comatTaction . riese T;t% Tour

slaxtrical onglasers

trach drivers & Ladesers
syoretion & Batagemance
pacation
amiarenance
(1) Total electrical taput to Man o got 102 Drw out st WL oftictancy.
(2) This As w0t s exhawstive list of all materiale roge!
SOUMCES:  Bacheal Serperstion, 't-rm
o Overtend®,
'h- l‘n-u.nu. ol n-:nk Tialda

r.-,.mu- B

D‘d', Veless I, 1973, esd vovistsms, 1978.
Jam/reb- 1970,
Ovechend Troamiseion Lines'

NR-6%48, 1973

Lo

— — 1
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The following skould be recognized as limitations of the information provided on the summary sheets
of this section:

1. The impacts and costs of ofl and gas operations vary widely over the period of development.
Typically capital costs will be concentrated in the initial phases of development while
operation and maintenance costs and impacts will be spread over a longer period of time.
Annualizing costs and impacts over the 1ife cycle of a project ignores the actual pattern
in which they occur.

2. The figures presented in the data sheets apply to specific representative cases. The
variation around these cases may be quite extensive. Some costs, such as platforms, will
vary geometrically rather than arfthmetically. Thus, an 18-well platform in 400 feet of
water will be much more than twice as expensive than one in 200 feet. Unless production
per platform changes in exactly the same proportion. the numbers provided 1n the data
sheets may be unrealistic.

3. The data sheets also do not consider changes in the underlying conditions determining the
economic limit for oil and gas development. The rapid escalation of crude oil prices and
changes in price/cost relationships will bring formerly uneconomic projects into production.
These projects will generally have unit cost characteristics which are very different from
the “"representative" projects shown on the data sheets. It is likely that for these new
projects the costs per 1012 Btu produced will be much higher. The estimates of environmental
impact also do not include the fact that many of the new projects will have improved environ-
mental control systems which are not yet defined. For example, new steam Enhanced 011
Recovery projects will be required to have air emission levels which are much lower than
the national averages shown on the data sheets.
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Onsghore LIl Bxploration - Lower 48 Btated 3
WEAY StTini; MASOURCES U4ED: wis D FRODOCTS:
' Crer 1012 Btu Produced) (Per 1014 Bea Prodoced)
SIER o 100,000 barzels por f1ald pez day __m(l)
witinats averags primary production wm. 3.5
® 36.3 u 10F herrels per P1ald pec goar poe m g.;:
® 27,243 nccoss Tatie " g
E) ] 7 20, 0.21
® wils - ﬁ,_‘ fual toc axplors- o redeicalates o1
o four yooxs bafere iatitial production ties drtlitag
Sagtae (31 ) Toms
[ :.l £ %’.‘.'. pos m.:l - uhumﬂy comiteed i.a‘ m%tm E systen wdntmal
22 Beue pev yoear nitimate 024 wager losa
* n-ﬁ::tln Pornaseatly comicted Exoded comerructiom site aite specific
0% ol veservoir recovery effic sediments
¢ M had %‘“ Tﬁ‘" o " Orgsaics 0.34 - 2.8
PEACRITTION flutd K Dissolved Soltds nag. - 2,909
© Noglonsl Secveys (1) 1) -
Mxm-‘-uuurm ! Toma sotn wase ¢ !E
offices for inforemetion ou caaing smd tobing (] Delil cettiage, barite,
nsi foxweticas and ourcrope ace and subsurtace 7.3 bentoaits, and phosphste
~Obtais awy previcus stratigrsphic drill- T
tng records steel tomsage/tig .1
~Exmaine satellite imsgery for potential t 20.7
!
@ Locel swxveys by peophyeicist —m(l) Dollare - 1978 i
~Maguatometer; sedimeutary tocks - low u:?;:;oz‘::"“n 23,55
wagnatic propertiss 3
" 20 o1l welle u:u.

dangs Tock s gravi-

tazional pu
-Setsmogreph; distence shock waves travel
te variows scrata recorded
L] lluxw: cote tasts to examime etreca
lor arrangmment and poseidle traces of ofl,
goe ov fesails
@ Socute lesas, chtain drilling permite and
poy sepesl retal fee
® Site accede; site prepecacion
® Veter availabtlicy secured mw.h welle or
teupotary water lines
® Assamble vig: drill to desired depth
& Conduct loghiag (ol.:tru. etc) analysis s
to poteatial 'l'ﬁtll
ol of well
cased and Christmes tres inetalled; If mot,
wall plugged with cemant snd crimped balow
grownd

nagery
@ Bulldoser, backhoe and dump towck
® Tempor! water lines
& Botary drill vig: hoisting, kotary eod
fluid ctrculation systems; drill string
md bits
® 3tesling canlng and cement
-l

. tag
® Posafhle duction tubing amd tYee

® Possidle fracturing or copnection of wnder-

ground squitara of varylog qualities
@ Atv emisslons from drilling rign and afte
preparation equipment

® Boll srosion losses and decressed ferttlity

resulting from afte sccess and preparation

-d fsle squatic 1ia nearby

otroems
@ Posdible blovout or accidential drill pomd
relessa

Note: Please refer to the qualification statements at the beginning of this .
section on Petroleum.
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' Data values n'uo-l total 14fs cycle values divided by ultinate averags suamal msargy out wormalizad to no" Btw; f.e., for exploratory
‘ertiliag

of fuel/2 n- -lu.n- production.

Onshore 011 ﬁploiution"- Lower 48 States Tﬁonoludod)

= 1,673,350 galleus of dicsal lul (for 73 wells) 5 212 (212 x L Stu = witimate Smnusl productiom) = 7,900 galloms

139, CGos T di L Press Inc., Mew Vork, Bew York.
Amat ican Mul‘- Tastitute, 1937, Pacts abour OA). 4PI. MNashiagton, D.C.
Mmrican Petrolews Institute, 1979, 1977 Joist association Survey ow Derillieg Costs.

APL, b.C.
VPodoral Pover Commission, 1973, Hatiomal Gas Survey. Vol. II. Supply U.S. Cevermmemt Priaciag Mu:n. Washington, D.C.
Satienal Acedeny of Sclsnces, 1976, Orilliag for Energy Resources. HAS. Washimgtos, D.C.
Oll and Cos Jowrnal, 1978. U.8. Wall Completioms.
Oeiversity of Oklahoma, 1973, Rusray b.C,
Walversity of Oklahose, 1979, Bnezgy froe the West: Boexrgy Rescurce hnlq-! lyu- Repart. and Batul Gas.
lel-u and Public Pelicy Pr u.8. Ageocy, <.

0.8, De of . 1979 1977 Rdtsion. Ih Siasaial !qpln-: 2o tha Sarvey Curreat Basiness.

¥y Busssn of L i\ sad published by U.$. Cowearsment Primtiag Office.
l S. Departmwat of Commarce, 1979, Sutvey of Custemt Business, Volwe 59, Pwmber 11. Sereaw of Lowmontic Anslysts.

Ttam

orking Draft l~u: » Baatern GCos Shale Project sand Toseible Bsaving

Can fhals fapource.

U.5. Deparvasat of Iotartor, 1977. ¥Final Eavicommemtal sut-:, 1'17 &:u Conttamtal Shalf 011 and Cas Lense Sale Offehare
the Worth Atlamcic Statemsace Jutesu of Land Memagemant.

.5, Bavircemsatal Protection Ageacy, 1978. AF-42. Supplement ¥o. 8 for Compilatios of Aic Pollutame Emiastoa Pactors. Third
Sdiciew. Offics of Afr Quality Planaing and Stemdards. Gasearch Triangle Paxk, Morth Carolisa.
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WEICY SYSTRM:

UK @ 4,000 barrals par platfors per dayfté)
aversge sltimste primary productien
® 1,460,000 barrale per platform per
yoar uvzr‘ln ultisate prisary pro-
ductoalld

® 15.4% cotsl of snnn axplocatory
ouccass ratl

@ 18 successful v;}h pox plarform
altinate sixefl

® fiva axploratory wells drilled; two
successful walls and three dry horea®®)

® Average drillicg depth 9,500 lrt'
sany of the vells sre devisted(i?.13)

173 year of explocatory deilling,

then & 2-3 year layover while the

‘m!op-l .lln is Hnlllnd oad

:-u to sosition eod Lmatelled(®)
© 5.0 x 10¢ Btus per barrel
.51 21012 Btus per platform per

3 m 011 resatvoir offshore recovery
aftictency(i?

(1,2,4)

na.lzgg-_
. loratory pamit obtaimed

© Sagicsal sarveys performed

- Magastomster; sir or ship-boree
weasurements of chaigas ia sarth's
magnetic flsld

= Cravimater; veriat{ons ia gravite-
tional pull of various rock types

« Matural ofl

= Satellite sod fafrared lmagery

® Local surveys

« Seismic survey im which reflected

and refracted eound waves belp

-d
otraca
~Setten ssmpling sad coring (500-1000
ft. wen)} purnit requived
() wlnnory drilling
= Obtain lease
- I-t a nul barge, drlll oihlp, jack-

k.—n‘ on water ‘ml, climatic

avalladbtlicy
- h—m! drilling apparstue to lecatiom
and vet uwp to drill
= orill to lutn‘ dopth, sud set sad
consat

-lq-amlm:hnllhto—-nm

tion
=~ It productive, finish casing wall, perfo-
Tete the casing, fracture of scidize if
seceseaty, and Lastall peeduction Ctubing
and temporery Christmas tree
= If sot productive, plug with cement amd
cring caeing 13-t Melow peafloor

mrigﬂ ustD:
(Per 1012 Btu Prodeced)
_Spanicy pRyUrTioN ov oL

peaCy
ExploTstory auu; f"'l (five
walla - 25,940

ace_axes Lap use!®)®
Jack-ups and driil sbips
Sent-subnarsible

If ous mile filahing buffer taclided
1a parsit

uaren*)(7.18)

Drilling mud water {(freeh or selt)
foc five walls

Vresh weter requirsmsnt for workars

(¥

Contllaver jack-wp rig example costs

Shtpyard fusmished compon.

Bull, ceatilever, spud legs

Electromschanical self-e evating

systan

Crow quartets and heliport

Cramea, vinches, mafaty oquipmest,

and ogher .

Prine wovers

Travelisg block aad darrick

Other squipusat ssch &5 wod
syetemm, plpe, roaing, saé safery

squipnent
Total Coet 3
Oril)ing Costa’®ls res mccesstul
wells
- thres wasuccessful

.
g Banga) Bate (123 daye)
Shellev wmter rigs

Beay vater rigs
(a) (1,9
% deillfag - jock-wp
)8y

"Slowauts

Tatallties

Injuries
Fice and Rxplosions

Pacalicies

Iajuriss
Riscellanscus Accidents

Patalities

lajuries

mlnwr‘ T .
(rar 1012 Bty Produced)

axe porumag
ouwe L)
Btu x 0. Exbauat Bydrocarbona
12.788 Particulates
50
=
Acres WATER POLLUTANTS
0.24 ~ 0.39 Components of driliing
1%.1 wuds lisved under solid
FA L waste
Brises during well
testing
Barrels
7.4 sou1p wasta (W
Drill cuttings ~ 2,500 foot welle
3338 Drilling Mode
Barite (BaS0,)
Sollars - M908 Bectoaite and Attapulsite Clay
Caustic Soda
Aromatic Detergant
1,033,600 Organic Polymers
356,300 Ferrachrome Ligaosulfonate
147,000 Toral Drilling Muds
260,700
65,500
65,000
47,200
458,100

236,250 - 325,000
348,750 - 316,250

Sockars
9.9 ~ 103

Offshore Oil Exploration -i.ower 48 Btates

wagligisle

Note: Please refer to the qualification statements at the beginning of this

section on Petroleum.
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'I.%wor mtaiu

[ "GifsKore Ol BxpIoration ; Jonolude

SURRGY FYATH _M
(rex ot lt-‘ulu-l) ('-l:hhu!nbnd)

cagamit Y )
’ 1 ying /
\ptgary, boase sad plases
[ X} mnk. huc. arill 1 ship, Jach-ep,
L) ll:uy driil rigs blnlq. Totaty and

slvculgtion systams !
© Brill etslang and bits and watec pumplag

oyoten

® Otes) caniag and commar

* 4 Legging syd

o Posetble tubieg and Qi (1%

‘0’- oCets, temporary *“ s ot
sy o esteary swverve M
Chrenic leskage srowad .x.u.-. localised impact{®) . .
-:l- eo::lll:.:t-thld’ seex potle- .
Note: Please refer to the qualification statements at the
beginning of this section on Petroleum.

® Wter pollution caused by possibie formezion
Srine discharges relgssad during driliiag
osd pusping, end thy disposal of explora-
o gyt drilling mads dhich are caly voed omcdh9)
® Air aatestons frem drilltng and slecteic.
Pewar gametatiem awtors

{s) Data valses easut tol % shgﬁo% valpsg “divided by tl m?___?g%ﬁn wormelized to 1.0., sxploratory
drilitng l-tl“'r:p tramemt (3 vella) = 25,940 W2 of diavel fuel X 3, e 1 e 1.5 » w“k-&(l."llbh Btw sverage mmns)
prodectios) = 17.765 x 109 Beus of Cusl/I012 Bew produced. (Mota that encuslising igacres the actval patterm sm which coste aad tapects elcer.)

() Bxmmpla eaplofatory rig coats are shows to flluatTets the capital uunnw for the eaplovatory rig owesty. Siuce sasy -vloucm -.u- would

be drilled for & largs mmbar of nnuu projects with the same rig, the rig rental rate is dod o5 & wfe cost.
(<), Touse valves s £, which daring =t of factlitise betweca
1970-1977,

SAACESs (1) Eash, Dom ., l.l.. Nlo. K.B, l-.q l.A. n-u-;l 4.D. Devine, R.L. I.-tl. 5.1, Salemen sd 31.¥. Young, 1973. m
£ Oul tal Shelf OJ1 sad Cas . Dulversity of Ohlahems Press, Nemams,

(1) Clark, Joha, Jeffrey limm and Churles Terrall, 19785, Nuviroomsntal P! for Offvhove 011 and Ces. Volums I:
Jachmology. U.S. Fiah sd ¥ildlife Service, Biological Sexvices Progrmm. e/as .
€3) TS, Waretts, 1979. "1979-80 Dicector of Merina Drilling Rize" Ocesn Imdwetry. 14:18-126.
(4) Wagver, L.K., B.P. Plerce, and C.J: Jirtk, 1972, fahore Petrolsm Studies. 1t iom of the Off. U.3. Pecso: 13

13 Froducing Petrolewm in the Culf of Mexico. Iaformation Circulsr . Saress of Nisss, U.5. Depsrtment
of tha lntasior.

(3) Tawsom, Bobert G. end W.D. Moocs, 1979. “Offshore Drilling: Becord dctivity, Fewar Sew Rigs”™. 01l and Ces 3. T1:133-157.

(6) Matheny, Shumoco L., 1979. “Shell Croup ts Rapidly Developing Cognac Pield™. M

(7) Ocean Iadustey, 1979. “Facts aod Poracasts”. Ocean Industry. Volume 14:33-91, .

(8) Counctl ca Eaviraomestal Quelity, 1974. OCS 01l sod Gas. Volme L. U.5. offics, .C.

(9) U.S. Daparcamat of the laterior, 1977, Minersl Yearbook., Volume I. Metals, Minerals and Pusly. BMuresu af Mines. U.5. Co
Priating Office, Washington, D.C. -

€10) Clask, John end Charles Tarxell, 19578s. Suvirmmental P!
and Rabitats, U.S. Pish end Wildkife Service, Diclogical Gervices Program. WS, 1A,

(11) american Petvolem Institute, 1978, Basic Petroleuws Dats Book. Patroleus Iadus Statistice, Wasbingtom, D.C.

{12) Mmerican lurol- Insticuce, 1979, 1977 Joint Association Survey oa nﬁlﬁ Coste. vuu.n.m. p.C.

(13) DeCloyer snd MacMsughtou, 1978. Twentieth Century Petrol Statfistfcs. , Texas,

(14) Iaternstiocaal 011 s:uun nmhllu. 1978, Internaticaal 01] and Cas Developsent, Purt II. Voluma 47. Asastis, Tesas.

(13) Casbaan, 1977, Report". Ocesn Mlgz. Yolume 12, No. 7t 74-82.

(16) U.S, Geclogical Sul’v.y, 1’”. Outer Contineatal Shelf Statierice 1933-1977. /Geol 1 Survey -
of Iaterior. Washtogton, D.C.

(17) Umivarsity of Oklahoms, 1975. Energy Alternstives: A Comparative Auslysts. U.§ ore 1,
(18) U.5. Depsxtmant of Interior, 1973. Draft Bavirommental Statemant - Proposed uu Oster Continsutal Shelf ou and Cas G-l-nl h-u
Sale Offehare louisans. OCS Shale Ko. 3 . Buresc of Land Mauagesant .

for

L ]
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Onshore Primary Oil Bxtraction - Lower 48 States

oy S S S S

lu:umm-unumn.u.«uy
tlom

werage primary product
.xs-m‘mnhptmu.um
16T swccess retie
producing vells - 230 barrale per
wail per day
® 193 dry bolas
® seven years fer ell drilling emd
facility cenetruction to ba conpleted
% nn m well lifa supectamcy
par varred

3.8
311 2 1007 st pradeces v
302 o1l fesatvolf cecovery c"lu-cy

tar axnploratory drillisg :qlou‘.

the wells tested, sad the dats saalysed,

& production >lsa hes to de day
asd & loase chtaimssd.

@ Orillteg 1o carried out sccording to
production nlaa end to the denired d-r(l.
and the ;l- 10 wodified 1f higher or
lewer pay zoues coms i of L[ dry boles
are cbtatoed.

® St aad cemeat caateg; log ead smalyse
the st

@ 12 productiva. flaish casing the bottem
of the Mole, parforate the casing, frac-
tute or acfdise il mdcessary, and fsstall
prodection tubing and Christaad trea.

® If wot productive, plug with cemant -l
crimp cista; Welow growm 1.

@ Afcer ‘cv-l-p-n arillteg te complets,
disaseendle drilliag equighant and (astell
satharing plpelisa to trasspert oil from
the wall efza ¢o the fleld procesaing
taciiiey for gas~weter-oil separatios.

RESTRCEY USED:

(Par 10°" Btw Producsd besed sa LVB) ¢

= e 3 mmngam’_“,
doplecion of crude

011 resetveir secwvery
aftictency

#ivael toe) top, '-nu-
weat ériidngl!
Opotation
Prine over Bleckrlc ...,!(ll
Seager Treatesr Separatorat?

-]

Pormnsatly committed
't

éxilling Clusd

{1
ng% preducts
concrete (mixed)
Pipe md tubing
ol couatsy tubuler peods
retaferciag bare
pumps sad drivers

Pabricated Preduces
Ragerials Total
Construction & 011 Field

Equipmaat
Valdiag end Geserel Induscrisi

Coonss Lautymeut
® $ite access and stte at; 1 end Pabricatesd Place
belidoner, backhos sed dump treck Producce
® Tenpot Ines Hiacel

ry wat
o Rotery 4xill rig, beisting. rotary asd
fluid ctreulation aystoms
o Brilling etring emd bln
® Stas)l casing Snd compal
® Ceayhyeical lmm -l -ulynu oquiyment
® Possible tubi teda

Matal Producte smd Nachisery
sod lestrw-

s
» Al nlulou from ruuq rige and site
reparacion equ.
S ou spille of u-m-
cy lemd, relatively eseily eannl-'l ol
:l...u w ~ localined
~In or asar watlsod -vlroa-u. diéticole
10 contaln and cleas wp - could ba subatan-
tial impact
® 501l arcetemsl losseas and decreased fertilicy
resuiting from aite ac and prepatatios,
-d nbuqu-ny. nun lvu!l: sedimsata-
ties in waarsy
» Pesaldie -:elh-nl lnll p-l Telease

wats

© Tranaparraring and “4ees!Vsneors
Tetal Operstion and "miatevance
rasomm.
conatruct lon

operation/meintenaoce

gocomaiou sarery "

1njuries
workdays Lost

()]

574,200 Yarrela
30 parcest

4,425,000
14,204,006

33,000
14,000

RES LY ‘
(Pexr 10°% Bew Predused)

ALL OLLITANTS
Site occess, aits prapatatien,

dowlepmmnt drilling, &

pathering plpelise eystas!

20
Paficutates .
'gann-

"
50
Paliicalates

cireulating ﬁ ayotan
lose

water
eroded cosstruction site
aedimsate

1)

{
ﬁuh‘ cutting, barice,
bentontte snd phowphate

i

112,400
3.0 x

.4
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Onshore Primary Oil Extraction—Lower 48 States (Conoluded)

12
€1) Baza values Tepresast tecal lMfe cycle ul-u divided M wutpet mecmslized to 10 Btus
‘-nhru deilling flstd nr- lu-nx - ;‘ (mn.- amanel whargy predective in tridltos Sru)
" Ma/tbl » 7,33 = Mlllﬂ
Copieseut smsual veluee divided %-—m entput mermalized to 1042 pea.,

€ swber of constructios werkars (7 year pari by mn‘ a—d -m output mormalised to lo [T
(6) Bets are ebtsined fren Lafernecion = -n nd gos ).
SURCES 1
Amavtcan Goo 964 Prees lac. New York, A.Y.

».C

3 Can Baadbock .
Amurican Pottelowm Ingtitwea, 1977. Pacts Abeut 011. APL. Vashiogtes
Sek! -d it 19 Contury

Dallas, Texas.
Hationsl Gas Survey. Velwms 11. Supply. ll.l. h_t Printing Office, MM-.D C.
7. Ocilling fot Enargy Besources. EAS. Mushisgtes, D.C.
it tom,

Imavgy Alunnl-;u A &-rul;a Asalyeis. U.5. Covermmmt Pristisg Oftice, Weshingtom, §.C.
7. Ssargy from the &-n lum Ssscurce Devalopasat !nu- lcpun. Volumg ¥: Of1 aad Batural Gas. Sclence and

1ca Ageaty, EPA~400
Business luu-un. 1977 Bdicion. Tha Btemalal lunl-t o the Survey of Cutrvent Buslasve Compiled by
$. Covarnswat Priatiag Olfice.
Commarce, . Survey of Curvent Dusimess. Volume 39, Wumber 11. Bureas of Asalysis.
Departmaat of Beargy, 1978. Werkiag Oraft davicoameatsl Impact Statememt. lunn Gas Male 'njm #nd Possibie Lasuing Commsrcializatiea
the Duventise Cos Thale Aesowrce. Vashingtom, 0.C.
Sepaxtamas of the m. 1977, Tiasl 1977 Owger el 011 and Cas Lease Shale Olfshese the Sovth

Lond Monsgoment . .
Smviresmsatsl Protectien dgamcy, 1978. AP-42. Supplement Mo. 8 for l‘a-.unu- of Alr Pollutaat Batssion Pactore. Third Sdities.
Oﬂln of Alr Quality Plamming snd Standards. RZasesrch Trissgle Park, Worth Carolime.
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wwwer 48 States

S8

RRS1D0 T o)
ERIY STSTRM: u3nb: Btu Produc
g trer 101 ee braducea)s her 2 .
AR YOLLUTTANTS @ Toms
S8 © 4,000 Marvals per plazfomm pac ALsovace bepLEtiae Bevelopsent &rill "
° average primary prosuccionls) had Warate betantial dsplacion of 431,000 dertels w5, "’::
1. e .
¢ 2-«...',":.:,",::.',::::.“5 011 Tesarvols Tecovery efftctomcy 49 percens _Extuust Uydracerbons He
® 7831 development wall success e x 137 ~Yaitleulat s
. 18 ormommt walie i be eeitiing (16 micass e °,
ol poeii s At )y wleiy Production™
Sabsqunt to the emploratery driliteg, Waiar asance etlos no
14 avccesal walle and theee dry s x
boles would be mu.a duting the Bestar treater “‘.:"'-' <0 ;;:
development phase. 0B Other production owsors Beauat 15
® 18 moaths to compiete drilling. Toguitenames ;;uu-mn HEH
Portial production coutd begte sefore (o o i 3
Laps: WATER SURPACH ARDA LaWw g3E )
. ::u::.:-nu- dapth 9,300 feet fanie -l"lu :ﬁ: * '“:); :'” NATER POLLUTANTS(A) ’
(T¥D); many of the wells srs devisted e mile tLehiag butfer inclwded . Cadaton
. 1520 s well 1ife exprcrancyfé} " D‘"" Cyanide
o ral

Bus per platfors per

. lal oftehote 01} remersulr vecuvery
«n‘ifi

besougryranfle2:4.3.8)

. Are -l’mnkcn dridiing 1y come
plotad, the wel.
dats analyred. o
to be duval, ot 2 .

. rna.un- platfors ordered, l-brluua.

te poeltion, ead ssa

o Dlesciionst dzilling te c.ru- out
-«:uh‘ o producticn plan aod to the
duyired s and the plea Is modified
Il\w LAt PAY 004 came 15 o¥
21 dry holes ste obtsined.

® Bet and cament casing: iog mé analyxe
the etzata.

-1t ;r-..gu-. [intsh caslag the bottan
OF the he! Pforate the ceslag, frac-
cessary, ead tnatall

iog ené Christaes uo- or
completion apparatus.
& It set productive, plug vith cament snd
Srisp cosing 13 €t below weafloor or use
for tatnjection of formstion water.
Vam dove! drtlifag te cowpleted,
the &rilling equipment 1o disassenbled
#nd the groduction/processing equlpment
i3 lsstalled ~u the same platfors.
® Process the ofl wisture for eand kpock
out and weter and ges separation.
® Payp msshora (f the find Iv evberantial
=i puspleg acemenical; otharvise, store
ga-olte (ot tamber pickvp.

1,2,4,5.60
m} EXN .
.2 Pt drilitng s0a” production plat-

. mm @rill eig: holating, rorary, aad
flaid efrculatios systems
© Drill striay and bite, snd water puspiog

_pat
# Stoel casing end cvman
Coophysical logglag -l wnalysis mu—n
hua-n- tubing and Christess &
e separarion snd processing .qulml

R e ATeowts

- Opm ocess, tamporary affect; ..

My or satuery - severe sftecelP
= Chroate leshage aroamd pletform - local-
oed

- Tamher ballast med tooker Lave meter
pelletion comld be sobstentisl
. nu.- rolivtion couet by foreniion ma-,m.
-t

- n-."' N
» Aly mnlasives frem drtlling snd eleceric
Power gemersticn squipuent

Mazen

Trilitng md water tfrest o1 salc} -

1% vetls o)
S water raqulremeat (oe vorhers

- vemtial

imime, wangasess, sichel,

Pipe, Tubuwias prsie, sod velees
cosTs
Flatfarn(®)

Labor

Natarials foc 4. m—:- -uvl slattorn

famutoo sge. awnT, 011
S04 gas tTea% i, *eATILITY, beat

(L)

ul ot welts

3,208,700
o) 490,000
Azmoal Operaciag cedcs
Labor, vapervietom, sod pevrall ©,800
ovethasd
ook sad tremsporcatics 48,500
Serfsce sg:ipmest st speTating 10,000 .
1ie
wartover 4300
Sommmsieaticns; Aniateg retive! 55,300
Tnmrance
FaRsoRNEL sorkery
Duvelopesat driiling amd preductica $3 =37
oquipmest fmscallarients) 1.
Prodect loalV)
Susber of Accidumcs
AS oML, fe2 Nothers
) 0510
» id
Tatalitieo 40001
njeries +0008
Tire and mxplostoes 003Q
Tazalfries 0004
Infwtion +0032 SUE SUCCKDING PAGE POR WOOTROTES
Niacellamecus accidests 0026
Pacalicise . +062)
Taguriee 0008

Mascury
Total organic carbon

L.
n ou oilla
vy a)
SOLID WASTR
by DFAIL cutcinga - 9,300 foor wells
brilling T‘l N
Sarite
- Pt et Meapulgtta
n Clay

r-u: Sods (ReOR)

Parrachrone
Total Drilliag Mude
% %n ﬂ MACY PINLD PAODUCT M
n of L (8]

West countent

[N wa nh
s v

Note: Please refer to the qualification statements at the beginning of this

section on Petroleum.







yuejq ased 3uipadaid

{8

_ . Offanore 01 Extraotion - Lower 48 Btates (Concluded)

1 saorey sntper servaitsed o 107 Be; 1.0., developmeat driiitag
.Iul-:nn.mll-lu( .47 5 1011 Bew sversge smmeat
fat mamelising Lgetes l“ -t-u petteva on vhich coste sod impacts oceur.)
(9 maal velyes ””""‘ﬁ‘;‘} Sutpet seymaltsad te 10
(c) Thme valuse sncespsse iRjuries aid fatalitios shich sccs! duriag -l of offshore
e lvﬂ-u"
(4) Suts velues reprevent smauel tow ocessed wetar pellutonts fram sverage Gulf Coast brise comcentrations aad sverspe byise productien
por platforn, all secanlined to [

0URCEE; (1) Eask, tos

(3]

Salomen end BN, Yowag, 1973, Mpargy
. Baiversicy of Ohlahoma,

) Balogical A

{3) Twbh, Maratis, 1979. “Birectery of Nuzisa Prilling Rigs”. (’l"l 2it=17¢,
(4) Veaver, L.K., N.7. Plarce snd €., Jirtk, 1912, S’*’n Acden of she Offebose 0.3, Toxciam
wmmu%ﬁl‘gﬂ‘mﬂ- Citclir 8337, arase of Mises.

V.5, Departacot of ot the Taeer

) Lovesn; Rebare G amd V0. Rowee, 197, “Otiswee Orilllag) Record Accivity, Fomer Sew-Rigs”. 90 90d can Jouraal. 7-1181-187,
(6) Matheny, Shemson L., 0 it Grewp 18 Rapldly Buvelopiag Cognee Pleld”. OLl sndf Cap Jowrsal. 7171160-163.
(1) Ocasn  Ldwecry, 1919 “pacts aad Porecasts”. . Vek. 14:3%

wanants 1y, 197 Telme 1 0.3, Comrmes m.m. Ottice, weskingeon. D.c.
Py ot i v s - o LT K T el
Volume 2 of 5. Berssu of Lasd n-.—-e

(19) Clark, Jadm asd N'l- f'"-ll T mmwwmm
. “lh b Ululllo I-m-. (3 l‘h‘l Sarvices hvw-. WS/0R8-2714 .

Q1) smerican Petrelow .. Vsshingtom. D.C.
(12) Americas Patrolews u-um.. nn. EMMM e Lhiaston: DiC.

(1) Contaan. Margarec D.. W71, ~Offehore Cosetruciim Reporc~. Ccam Indsatry, Folume i2. fo. 7: 24-d2.

(14} DeGolyer and MecRamghtou, 1974, Statistica. Deliss, Yemas,

{13y 011 Scewss 1978, MLEL“-_"_"TIQL Pace 1. Voluws 47, Awstie, Texss
(16) ¥.3. Geological Survey, 1978. Outer Cowtimemtsl Seal( Stagiarics }373-1917. / Susway,
o

the Intevice. \ashiagtos, D.C.
(17) 0.5, Degartwent of Bmargy, 1979. fox 1113 fiald sad 1978. /2l 5
Ovdax Mo,

Volame 3%, Be. 11. Durass of Reonomic Amalysie.
1378 x . $aa Fraaciaca, Califorsis.

(18) 0.5, Departmeat of Comerce, 1979,
an mnl c.mnu- 1978,

[mee .

fomatn y ?
@1 vatveratey of Ocdabowe, 1973 Baarax Iy Amsigets. ©.8. Printing Offtce, Yashtugtom, D.C.
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SRRRE: (1) Berwps,

SUEE o Datly preductios of smbanced ot}
cocovery 12,430 barrels ov 31
Bew/val

® Average hoat content &.) 2 M
© smsl soninsl product hool contens
.t n 1012 hew
® Svaber of wells |, m("
. uu atze 1,434 acre
erallabtiiey 1
o Lifarta 13 rears ©
: Mecovary officlascy 103 of 001p¢
resentative ofl lrll Rovn River,
" Caliterats (Garin!

@ Bioem drive to & thetes] cahsaced

o1l aad peosth] mlllly i
by ey

wﬂ’ usED)

(L Ty Preduced)

139, 20 rn-h
.3 5 10" Bew/bal

crede o
average heat comtent

I
peTasacetly comaiiiad
11 f1014 site

il fo

trow e
tl, wter, o un-- 15 treated a
& poparation wmiv.

& dvill v1g

® pipe sad tublng

o pups sed rters

© wmter softenste

© o Seilers

® lises oad walibead Lesulas

® water tanth sut Coshs (—'nucn)

0 llr ﬁul—. from beilets ant

e (seperateva)
. 1qm- anisetons frme well bande,
eil/ater seperaters. velves, pape.
. ond stevage tashs
oy
. ul-m of & awd N3 uvieg ot}

. nu-lal ubaldmce sad setimlc
activitise

sy (4 %‘F‘? *
Process otese
(3] m slndge i-lt. wter
% camattuction couta® Sreathent
cencvots 1,504 slwige (: scrubbers)
ol wteat. 'm o
51 comTy tubelar geeds
¢ b
SosTS o« Wl aversge heat comtunt
total constrvition costs EXR .
prov=w Lida ::
M
1.98 4 104
othar > 0.33 2 108
tecal capital costed o 3.97 5100
operstion sud saintansace 1.1z )b

rexsowery ™
u.nruzm' (2 yoars)
opetation 9.2

Note:
thus-

RESIXALS AND PRONUCTS:
) Pt 1812 3cu reduced)

Ogﬁ 3.

Jomg
} quancity Gs procens

and oite specific

158,760 pMi
4.3 a 10° Bu/bll

*Tetsl plamt lemd, construction coot, eatertals, or sus pever divided by the smawal swtpwt ia uuu- Btw (N svellabilicy rets).

The project selected for analysis is the largest project in operation,
factors based on this project may not provide average estimates.

Note: Please refer to the qualification statements at the beginning of this

section on Petroleum.
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WY STSTON: : PRODICTS L
@)y elestricisy prodesed)
ke 500w
* therml aificimc W7 (o2
M atpac! l".’ .:l portisalosen/sresets
16y toxtoe 3
: = M yoars persianlisten/ baryitive
v s produced porticelaves/coadniun
nM e 0/year
particalotes)
mnq: Leres/atchal
al-rired atem slectris pever garctond
olaske ganavate alec Xy waieg laten/shrunien -
Cha aame basls Wit precesses particulaces/coppar
e other fonstl fmaled pamer porti
statons, 1.6 ovad and satural wof*
9o, The chantsal anergy s the »,
fuol wil 19 wesverted o host "3
wtgy $a the SXoMD pengThter amd @
apata cowversald te anchemizsl
onryy 1s the tovbise. This wwrgy
@ f1aally teosstorned to alectrizel
masyy by e .

g

ujerete
Phosyhorve
¢ mifats
. sveguartive amling tasers, loride
o7 fod water Crestment paten deade L rmrd
avndenses mtveal desft . hveniwa
watey tesiing spsramw wappus
warLe weier trotmast systes Lacremmtal even fren
ash rensval syeten erles sievege pilae wgnasise
sluign duwatating vysten Landftiy . atchel
il vaate dispesal system - evepemstion pemds alue
4 m‘“ ﬁﬂ;ﬂﬂ amtoctents
o air enlesions ~ perticaletes, n..n_ e e N
® shasical otf] is oniteg teere ik ianay
* thstwal dlachasge mnchanicel dualt <338 arnamic
o selid vste saturnt dealt Rt ] Donsene
® geloass of tontc snbotamtes %) . Sarylitm
* veter me j2x] Inilary (1019 sadaiom
. ot ration . . 05360 000 Atsretan
Laber o 380 cremogess
matartals 1,9, 008 Land 9.00048 ~ §.008200
sysipmint 4,93 008 akreaxy S.00000077 ~ §.8000507
ochor comstructiow 1,979,000 phanel [ il
Land b Lané rights 3 oelenian e - a0
puraral plass tolosas .0Ms - v
aperitive smd autstenence
R e ed
T,
Xl
wtiftion
ot lag cout X

NHote: Please refer to the qualification statements at the beginning of this
section on Petroleum.
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O1l-Fired Steam Eleotrioc Power Plant (Concluded)
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NESOICES | D
T i
elecsricley produced)

Ficst
Taar
conetTection
i tecmacat 1
ommaay® rongeswmical [
3 2

)

peretion w3 waintsesece
i technizal -
Nommasoal?  wmracAI s ol

Vorkars/Yest
0.00181
o

2.2

C«n applicable 2o mav equipsent, act revratic Tasare
Asmamee 2.0 pevcent wulfur, 903 semoysl ef!::iemcy.

q_‘gl Document fai "arxw‘ 1f9iaen L:sttation Ceidelloas snd Mew Source Pe
Soar .

l . March I and October 1974,
uent Limftations Guldlllnl!.

€6

Mitcwan, Trace Toals reu( nuuunz Czfly,
7

2ascar
S Tor faacky fopply and converstons, 1973
Somariciee sEalzala. 1975,

Reguint tene. fitle e Tart W s et
e R

Petroleum Rafloery €aglos: Hg 9.5, Seleow
Nittmen, Enyivosental (wpacts,

Y
cirae-ill, 1954,
£01:tane s, wet Tomt of Eaaziy Supply sed End Use, 194,

Note: Please refer to the qualification statements at

section on Petroleum.

Poesil Fuel, Seream Flectric Cenerating Imdustry, 1977.

WESTOUALS AND PROUCTS:
(per 10°% Btu equivalent
electricity produced)

SOLID WASTE (Tous#™
actathar sl

Mn lf! ull‘o)
1y ash

(1001 dry solids)
total solid waste

stetion losses

e
elsctricicy

cenk atwenc 2laat
ash transparc tesstmens
area Tunct! treatment
condensar cooling
water trestwest (or)
cooling tower Sloweown
treatwsar

tooltag systam
oaca-thecugh (ot}
evmporative caoling

covera
mechacical drafs ier?
al drate

desulturisatton

coodensar coolisg watet
treatasat {or)
cooling tovar blowdowa
trea
sooling systes
onca-chrough (or)
avaparstive cooling
tove
mechunical drafe {or)
al dral
desuifurtisation

oystem

Nithoat Vith Son-tagenarative
Scruabare ltmastome scTabberst?
o 16,000
wm
16,370

e
S
ot
Lo
200
930

T

e

the beginning of this
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Crudeé 011 :Btorage in Salt Dome Caverns

wmncy svaran: (®

SIIE @ 60 million barrels
o Bnergy Storege: 336 x lolz btu

oascxprion®

. #salt dows caverns are created
by leachiog with water; the re-
sulting brine is discharged into
& largs body of water such ‘as the
Gulf of Maxico Ia an eavircomen-
tally acceptabls manner. These
cavatns sre pravided vith a
commted casing to. protect sub—
surface water quality end with
pipel ines to handle water/brine
and crude ofl.

wason comroraers ¢*)
® eslt dome caverns
® a major body of water bsarby
® vater vithdrawal snd brine dis-
charge system.
» crude o1l delivery and handling
system .

pavisomewtaL conceans’®)

® discharge of brine and fts
impact on savirooment/ecology

» risk of oil spills and as
clated bazards

e hydrocarbon emissions

o fugitive dust during construction

@ emissions from comstruction

s6

BRSOUACE REQUIREMENTS:
(Per 1012 Bty Euergy Stored)

DIERGY ggvnm
slectricel power to

operate pumps

LAND DSK e ()

pipelines, site facilities
and brine dispossl

pipalinas vight of way

(v)

SUTER REQUIREMINT
ialcial lesching operation

56,250,000 gallons
each puwping (crude vithdrawal)
. oparation

costs(®

conatruction of total system

oparation sud maintenance

reasonm.®)
tonatruction
operation and maintensnce

magligible

-
H

er
» e

Acre-lr.
173
an

Dollars (1976
230,000

ot svailable

Man-Ysars
0.6
not svailable

AXSIOUALS AND PRODUCTS:
(Per 1012 Stu Evergy Stored)

RESIDUALS IB AIR Tons
hydrocarboas{ 2.27
SESIOUALS IN WAYER lons
hydrocarbons not available
TY OF BRINE DI vo-Fr.

1oitial les operation 196
aach crude o1l fillisg

operation 21
SOLID WASTR
negiigible during operatfon
HEAT DISSIPATED
megligible
BWERGY PRODOCT Barrals
:r\nh ofl ‘quaatity astored 178,572

wehicles
: (a) Patrol S for 1 . 1975, 1 Patroleus Council, Weshisgtom, D.C.
®) gic Patrol . 1977, ol Final 1 Impact S Vest

kberry Salt Dome. WIS, PB-265-796.

Note: Please refer to the qualification statements at the beginning of this

section on Petroleum.
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The following should be recognized as limitations of the information provided on the summary sheets
of this section:

1. The fmpacts and costs of of] and gas operations vary widely over the period of development.
Typically capital costs will be concentrated in the initial phases of development while
operation and maintenance costs and tmpacts will be spread over a longer period of time.
Annualizing costs and impacts over the life cycle of a project ignores the actual pattern
in which they occur.

juejq aded 3uipadald

2. The figures presented in the data sheets apply to specific representative cases. The
variation around these cases may be quite extensive. Some costs, such as platforms, will
vary geometrically rather than aritimetically. Thus, an 18-well platform in 400 feet of
water will be much more than twice as expensive than-one 1n 200 feet. Unless production
per platform changes- in exactly the same proportion, the numbers provided in the data
sheets may be unrealistic. _

3. The data sheets also do not consider changes in the underlying conditions determining the
economic 1imit for oil and gas development. The rapid escalation of crude o) prices and
changes in price/cost relationships will bring formerly uneconomic projects into production.
These projects will generally have unit cost characteristics which are very different from
the “representative” projﬁts shown on the data sheets. It is )ikely that for these new -
projects the costs per 10%¢ Btu produced will be much higher. The estimates of envirommental
impact also do not include the fact that many of the new projects will have improved environ-
mental control systems which are not yet defined. For example, new steam Enhanced 011
Recovery projects will be required to have air emission levels which are much lower than
the national averages shown on the data sheets.

-
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Onshore Gas Exploration - Lower 48 States

INSURANE)
ey

ENBAGY SPETIM

s gae per owll flodd
rr ‘ﬂ varons wltlsste produciion

XU 10% ou t2 gua por Fiold pur
7:4; averags sitinate production
(3.1

37,543 suaconn ratte (1)

® 138 suvssonlul wells par leld
wltimare nu a

¥ wglovetery wells
drilind; & —“mld -t Il -
ouccasainl walle deiiled (2)

® Ous te oue and o half paate of driil-
ag and amalyste beters o daclslew ie
nade ve produaction

@ Average driiilug dopch 3,000 f5 (8)

@ Vall Life wmpuctancy 13-23 yeare (1)

® 1008 Btus per average cubic feot of

e

4 70 percent (30-908) gas reservelr
tacovery o;{ e Loacy (8)

® 10,000 Bcwe par T1ald par yosr
witimate production

o8

® Bagioaal survers (4)

« Bovaarch 11brerise. sed state or
Sudaral guology offices for faferae-
tlen on teck fermstiens saé ouicrepo

= dbtala sy previcus un:lu-uc
drilling racerds
 Sxmiee satolitte tasgary tor
Ppetantial regioms

® Locsl survays by gevphiyeicist {¢)
~ Vagatemster; endlmsatery tocks ~

lew saguetic propertiee
 Cxavimetar; deass foch ncresden
gravitationsl puil
Ly tetmmce shock waves
cavel to vartous strats recoréed

. su-u.n.ne core teats to exanise
steats for arvasgement sod posaidle
traces of oll, yae or feaails (4)

® Secuve lasse, shtsin ‘rllll‘ parnite
and pay answal Temtal fou (4)

® Bite scceen; eite prapareiion (n

© Sater svailadility sacuced ¢l
wells or tewporary mater fTheein o )

. c-ﬁ-sc iogging saalyats te determiee

euttal productivity (1)

o 0 cemsidured profireble, remainder of
wall caved snd Christass tres (matslled:
11 wot, well plagped vith comemt aed
ceimped balow growsd (1)

& Ganghysical surveyiog equlpmeat/
satsltice toagery

@ Mulldoser, Backhor sad dump truch

® Tasporary vater limes

@ fovary €111 T1g: holsting, Totary aed
fimtd tlrnhll- syetens; drilf axring
= b1c

® Steal u.u. =t comea!
Gu'-guul logstag -d wnalysis squip~

. h-nh production tubing and Christeas
tras

© Foasible qu-ru. ot cammection of

varying quelftios

® a1 miestome n- q.—uuu clan and aite
propazatios equipment

® Botl eroston losees sl decressed tar-
K1i1cy rasulring Trow sice accass and
sraperation and ;.-m. aquatic sediesa-
tation

o Pranibie Lot ire or acctdental
41111 poud releses

ssamcys e
[ Mu Praduced)
SSOCNNCYE DEMTATION OF OIS PUGLP REAERYOLR
9,18,11,12.8)
ataty dstlling fuel (78 welly -
20,750 Wt dtasel)®
Gae procassing fuel requiresent

u»n
pade and access revduars®

un
.-En. - fleid (20 wolle)*

wnetassful i
Il ansnccasstal dry Noles®
s, (12,10

Coptraction sad drilitag corulremsnts
(28 walle)®

Note: Please refer
section on Natural

s NS PRODKCTS ;.
Orar Ben Producet)

an 14,12.11,10°
- ey Balitieitea prer e

10? .8
1.3 i 3.2
= is
Sene 1.
Peicicalares ?
Tes
i = =iy - sintrie
Sagtels
.0 SRID WYy b {
N Betl) cactiage (28-3000 fe walia)® )
wal
».720
%
Moar-Dayy

to the qualification statements at the beginning of this
Gas.
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Onshore Gas Exploration - Lower 48 8tates (Concluded)

\unx—mm-: Jaless H11ded b7 the cpint smtroe smat ext ..mnuu-u“-m [ driiling el
roquirenat f .3:"“‘"“‘““"" T ® 1.4383 « 1011 Ben 30,81 (10811 = ea svacege smaal
.*tnd-ut"lll ll-'llh‘.l Ben froduced
\mmum«uulnu\nnwhl-l-dlmuhmcuwuu-(nmu-on:--ur.n-ydu-‘-u-. thedz waplatatery Baterial
ond cogt dats frem thetr devalopueat meterinl end coot dats and. i thghuuqm-m-'-u- thase Listed wader the extractisa/
Pevtuntise phuse, Smewle drilling ceats are iacluded for 1 perpoase oaly as they weuld alse he incleded in The extyectiselpredection phase.
“These valess arv tabyetry valmse vhich beve bosn previcusly avrvalicet to 168 Beu,

“alestotat ssoming the follevtag bors bole sisesi 18 tackes for 108 f6, 12 3/4 {nches Cor 1000 (c, tad § 3/4 tuches fox 1100 (¢ ot an ovarage reck
donsity for Limestonse, cloys, sad shiles of sppronimecaly 2.3 gfom par cubic _I-u-.

KUCES: (1) Wedverefty of Chlahmm, 1979, Tt Pron the Tust: faacgy Mmostce Developaset Systems Bagert.” Welums V. 93] syl Natwryl Gop.

Sclance wad Nblic mm m.r-/uu-mn, of Alataam. U.3. Seviremssetsl Protectisn Agoncy, EfA~60N/7-19-86Ce, Vashizgtem, B.C.

12) 011 end Gae Jourwal, Wovisber 11, 1979, 9.5. Ball Camples 71, Bembes 4.

(3) Zats, b. L..l.an.n,l.l-uynurnuu-—lg.nn. . C. ¥. Veinsug, 1955. Neadbsok st Metwral Cay

Book Cappany, Sew Yok,

(4) avarican Pettolam l—nm. 1977,

() Amaricen Cos Assecistion, 1979. 3 virgials.

€8) americen Petrwlewn | Inatituce, 107, Meshligtew, B.C.

(1) Sechtal Corpecotios, 1978. . e

18) Watvaralty of Chlshaes, 1975 Fry o Sciomce and Pblic alicy Pregran, Sasvursicy of
Chlehowe, Botuan, Okiskesa, Savermsant eg Offfca, Unshiagtos, D.C.

* g U %-_‘Mm_-ﬂw Wiley Bagtasesing Bawdlhook Sertes.

ey 3

(19) Amszices Con dasochation, Insare . Lndeetrial Prese, Inc., Bew York, e Youk.

(11) Bectennl scodemy af Sclamces, nr‘l:. h i= ﬁ Suprerses. Veshisgtes

) ws. Wd.ﬁn- 0. iy g s
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V.. Govermment Yrissing Office, Stk Bube 1508-00130.

w) v Comise] N .
Seshisgton, B.C.
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Offshore Gas Exploration - Lower 48 Btates

GOmCY STSTRG R . ANSIDOALS:
(Por 10 u- nu«u- Potestial) (Par lﬁ" Prodeces)
$2,6,8,13,16,13,10,17) RENOUACY DUPLETION OF CAS 100€3,6,8,21,222%)
© 83,722,000 cobie fost of goo pur plat- A mligihls #'quu.m b
fore per 4" ’mm witinste conventionsl (3,8.8,22,11 'Y 10.01
produceionl’s. o - 10 237
® 1208 % 101% cublic fest of gae por Bpleratory drilliag feel - -HE h.h—u Sdsecarions .80
slatiore por nn mrm ‘ltimate u-v- tive walls! 0.6
tleas) (a3iL} Ex - on
o 19.01 sbpieratery wmil smccass ratta(1) TP BTG M LD DL Actes
© fiva sploratory wells érilled: tve_ - o ek -\-r:.:dl::ul ahipe Lo warm
seccosulul vells and Whree i~subaersible a ering wll teoting 1igthle
« 1) yoat of sxploracery mfﬁ.., thes & I€ cee mile fiehing butfer Lacinded 610 e ae meglis
l;’-nu'hmn:: ': de:t in peraic wndi ate 11ated wader solid .
e Pimel the production, )
:Inlm uuu,c(-i toved to position !A%('" 1200 Sarrule N o
and tastelled Urilltag wud weter (fresd or salt) 0.2 soLrp wagre'® 1
o Averege totel vertical depth (1V0) for five walle . Drill cuttisgs - 9,60 foox wlle aEe
foat; Mamy of the wells are enaliton Fresh water requiremst for werhars .0 Detlling weds
4 R Rarite (BaS0) e
com (4 W 1010 1978 Bentontte and actapulgire Clays 5010
wvarage -lnuu coaventicaal productioa (Thess are c-ulmr Jack-wp rig Comntic Seda (NaOW) 1.62
* 30-90 pe m 84 TRSETYOLT recovery oxample Arvmstic Detergant o
attictumcy 1) Saipyard Cafotehsd compoasate Orgaatc folymars on
: (1.0,6.7:0.9) Ba1, cantilever amd aped logh $ 479,000 Shanyt Ligaomutfouste
suscareriomtteée Rlectromechanlcal self-elevating 145,300 Total Outlltag Mede X
Sxploretory parmit wmust be obtatned system -
» Naglonsl curveye wede Crew quatters amd bellport 39,400
—-(-r. #iz or ehip-bofne msasurements Cranea, witches, ssfary egaipment 70,300
of chanpes ia sarch’s magoatic fleld
[ it .
of various rock types ) 16,%00
=lstural o1l sespe 17,000
~Satellite sad tafrated fmagery 12}400
© Local survase 119,000
~Satemic survey (s Wich Teflected and ro-
feacted sound veves R elucidate mubsurface § 9,500

~Tramsport drilling apperetus to location and set

wp teo drill 5 e 1) of Acclduate
BTLLL o beaired dagen, sod pat mad comemt Caplig AT Sorker:
-l... and asalyse the wall for commetcisl produce owouts »0010
Facalitiee . 40001
-u ?roductive, flateh casing well, perforate Sajuries -0008
the casing, fraccwrs oc sctdiss 1f sucessary,
aad tustall productfon cublag sad remporary Fixes snd Txplosions .0030
tataes trea Patalities -0004
~IF not productive, plug with :ement and crimp Injuries 0032
castng 15-fr below swafloor N
Miscalianeous Accldeats 0026
Coronniry (3.8 .60 Patalicies -002)
& Coophiyatcel surveying squipesat.satellite lmagery, Iofuries 0009

boats md plsses

111ing hlu. nul ship, jeck-wp, semf-sub~
saraible ot eudmerel

» Roeary drtll rig: m-n... rotary asd fluid

clrgulacion Aystems

» Drill striag snd bite, and weter pumping system

@ Stes] casing and cemsat

© Geophystcal logglog wad smalysis equipment

® Posethle production tublng sod Christmas tree

EE le* E{ (: -d (tres

Yar, rom £

releared during drilling eod pumping operstions

(12 aot ratnjeceed), end the disposal of expleres

tery drilling muda which are culy used cncelils$?)

. selons Crom driiling asd electric powar
sensrstion wotors

the: Please refer to the qualification statements at the beginning of this

section on Natural Gas.

L~ octuctures oad ot g I-nl Rate (125 daye)
[~ ~Botton sempling amd mu. (wo-mo fr. wax); nuxo- watar rige $61,000 .-384, 900
" pernit requived g8 96,300 -ms 000
L] drilling Vl'lll(ll COII ~ two succe ll“.
~Ghtsia lesse walleflé,
—-Bant & 4rill barge, 4rill ship, lack-up, sem{- . = three dry boles $120,200
dopen, climcl bt rrad (@310
¢ ¢lismtic conditions, seafloot configura- PERSOWNEL Yorkar
Siow, sad svailadility eploratory drilliag - jach-up rig I -e







1970-1977.
SOPACES: - (1) Uaiversity of Oklshume, i979. “Ssexgy
Selente

(4) Glard J.h and Charles Tervell.

h.ll

(13) smericam Patrolswm Tastitss
(18) Amarican Potrelowm lestite:
(15) SeCelysy end mu-.
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- Bapar
(%) 0.5, Ceslegical Survey, I¥
of Interter, Vashington,

{01

. Weviromeatal frotecties h-ﬂy.

(22) Baltsbury, J. Kemmerh (M. ). 1967,
Viley & Seus, Daec.,

(23) Diesal wad Cos Turbiae m.n-. 1977,
g4 Goo Turbins Worldvidy Catalog.

and Pubiic hllq Progran/Dntversity of Ohlebous.

(2) Wcbessld, ¥Williem J., ¥. A. Reke mmd ¥. C. Memer, 1979,

(3) Kash, Dea B, 1. L. nn-. L. W, Detgey, M. A. Chartech,
ol

“Reviresmscal
nn. B, 5. Fish and W1ldlife Service, Belegical
(3) Tbb, Waratta, 1979. “1979-80 Directec of Waciss

91!, Basic Petrelows

ulllﬂ. Office of Alr Mll’ Plasntag

(a) Dats valess rmm valuea divided by ted overags ammal euiput -‘-.”u-d
Mw—t(l 1 ot dlessl fual 3 minmm.m- e
5,608 2 Btun of fwal/10™" Stus produced. (-nlhc 1sing lgnevas the
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‘Onshors Gas Extraotion - Lower 48 States

RESIDOALS
(Pas 1012 Biu Produced)

(10,13, 16, u.l-l.u)

,8,4) W Tras
on. 0. gan pur wall flald m sotaat sl yaasly depleticn 19,400 3 207 ou 2c opaeut detlitag/ei accese &
got day aversga production (1,3,7) Proparsgion/gachering
® 10,601 = 10° ou. ft. gas per wall flald .n w xocavery offictency (9) 70 (50-90) parcamt aysten comstrucciomd
Fu:”. avarage ::‘l‘a;:u- .50 00,610 ) . > ;. l:.;
obr, 8 .10,6,11.12,1) #i 39’ .
® 24712 ;‘ o, 8. per par day (3) ﬁ'—- Irilling fual (114 x x 10.¢
® 126 valis would be druld [ -um-uy -uu » 30 20, 2.0
toy the resatveisr; 60 dry holes would boles - 134,300 W1 dsonet) Pazeiculates » 2.3
slas be wxpected. Ces am-.u. &7 Sopetremast (10)* dasual praduction entesions
aplerstary drilitag, 12¢ succesaful gas Swbat goe 309.4% [ “.r
wells and 38 weald Sant Can 990-1%3.0 bt 1.9
s drilied desisg. the L3 0.4
[t WA (14) . S0, 14286
® 3 yusre lor all drilling sand facilicy Tengetary Coquirmmaty B Parciculaten 1.8
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® Sewrage drilliag degth 3,000 2. (6) al an N fane
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: uw Stes por overaga cubic fest of pas lag mud fluté (152 valla)* X e . 1.1
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.tu usn) Y 01l & Gresee n.27
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plow has o be od o )
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- e Congemt 1900 Bew,
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pipaline Fanepors gan frem aterisls (chemicals, petrelam peo- 20,400
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Maavsl mangower

Tetal Comstruction m‘
Tackascal Neapower

#

~
g

&

e
-
e

huu. onalysin . 1.2
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i -.-.-tl, poasible aguatic ssdimen-
watethedion
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Note: Please refer to the qualification statements at the beginning of this

section on Natural Gas.
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Offshore Gas lxtx}séuon - Lower 48 Btates

offictently tap the seaszvelr|
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an bae to ba -t
a lesse -oull-l
® Production platiorn ardared,
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@ Alr eatssions frem drilling end nxuu

power geaeration wol

Hatar eystan/iastrussats/corrosion
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1,10
18,900

18,

s x

Marhevs
L% - 1.0
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Note: Please refer to the qualification statements at the beginning of this
section on Natural Gas.
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Offshore Gss Extraction - Lower 48 Btates (Conocluded)
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Havural Gas Purifioasion

DERCY STSTEN:

1xx: ﬂ” sdllten n!ll of clesn gas output
21,800 Bew/ec!

operates XIS hn pat yoar

® 90X plamt eveilabilicy

@ plans officiency 87 s 2

o plont life 30 yuare

sscaprriod®)

& Row sstural gee containe geses and
Liquide vhich have to be removed dafors
the astursl gas cam ba placed in the
transuissios

-lll‘-. carhes dicxide, aitroges,
mad veriows Mpdrocarioas such as
athans, propama, batans, scd basvisr.
The purificatios process lecorperates

those eystema such ss debydration,
dapulfurization, sad cathon dioxide
Temoval (gas sweeteming), sad matural
s liguide (W) separation required
ts preside s macural gas product
sutteble for pipeline distribution.

£}

® Wajer sysipment comstets of cowtactors,
atills, feboilers, hasters,

vasn; AESIOUALE AMD PRODUCTS!
(Por 1 e of clean {per 1 Btu of cleas
preduced)

naceral gas astezal gas produced)
(4) » (O I]¢4)
rew gas requiring ewlfur hnlcuEu- Q..
sencval sod ssparation of aatural »0 40.9
s Meuids, 1.-. Propene, butene, 05 0,0054
ate. The quastity t raw gas coe- E’ 0.3
semsd to produce 3074 Btu of clean -] 0.003
satural gan fa detaruined by the Aldatpdes . 0.027
sverall process afficlency (87 to
$23), and the Meatisg velwse and m&: Tous
quaatities of by-producta produced mlfex "
(sulfur, propene, butams, etc.) maturel gas ldquida - n
propase, ‘hutance, etc.
!ﬁ.lmmny »“ MF"
clean wal ”- 230 atllfos sct/D
£ . Seatisg vi 1,011 to 1,093 Brufect
%‘% 0.215 acren we euurquo-“’ T Yolume
- mothase te

wares (VO (e} - sthane 2,3 to 7.0
boiler make-up 3.0 acre-ft. -~ propane 0.7 ta» 2.8

. ~butane 0.2 ¢o 0.6
cosTs Dollars - pantane 0.03 to 0,66
‘conatruction [ €0, 0.4 to L0
aperation and matstensace By 0t 0.2

reRsonat

punge and cowpTEnsars, plua suniliary
havéware associsted with the (ollowing
procensing systess, These processas,
whizh mey be utiltzed etrher separataly
ot ia Laclude the &

- - con be by
coupression, treatment with dryiag
substomces such as diethylese glycol,
abesrytiou, snd rafrigeration.

< Jesulfurtsation - Tew gus is usually
scrobbed vith some sort of squeous
anine solution pech e, mono, di or

ouch a3 the Claus Process may be added
o zecowsr salfur from the hydrogen
smifide off-gaa,

= Wazara, Gas lieel tion. - two of
e mejef proce s Tefriger-
ated sbectption and lov temperature
dtectilation.

EOYIRNENTAL CONCYRIS

@ Vemt gas from Claus Plant (way requirs toil
he cleanvp facility 10 awisstons exceed
applicadie regulationsh

® Stripper solstion vents.

o Condemsaze stripper bottoms diposal.:

o Relief. valve and vent entesions.

* Mase—up weter raquirements.

(1) Zszimated ‘vom sourze {c).
(1) Srothesized from soucce {8).
(3% Values are mnueiiaed der trililon Btu,

SOURCES: {a) Chemtcal Process Todustrie
(»; Tekoekzon, 1 Thomas

X.N. 3hreve and J.A. Brink, Jr
glord, @

£
soff e
i

operstics and mainteagnce

Note: Please refer to the qualification statements at the begi-ming of this
section on Natural Gas.
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Gas-Fired Steam Electric Power Plant
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o o copactty factor 332 oy votmer = lowe
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(124 @ swmusl met electricel E M fry - .
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-3 1o o Jo——
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s o0
2 CONPONINTS . Plamt 0.1 ™ e
UQ e water purilicetios syates avaporative cosling i 0,070
- ot towere nicrete 0.3%
0 o comdenper wolsa comtrol ‘0.1 Fhaerieres 0.0229
@ ceadenser cooling water system » olfare m
oace through (or) !‘é! 1) chleride 2.7
c' cuolieg towers 1ed ares rrpoiney .87
e ® steem turbine ploat ares 3 0.0
o - o geserstor evaporative 2ooling eoppar 0,080
> . Teatnent plant towars CRTHR) 0.682
- .
) (o) 608
econdall WA Withbraval’ 130 .
-~ ° - i acre-Teiys.) {hevaslifym) aichat ;xg
ONIMBITAL CoRaes . snce-thiouen 34,000 0 dim 0.1
! ® air enlvalomns - WO avapstative cosling werfactante ft
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Note: Piease refer to the qualification statements at the beginning of this
section on Natural Gas.
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Gas-Fired Steam Eleotric Power Plant |(Concluded)
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Note: Please refer to the qualification statements at the beginning of this
section on Natural Gas.
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ﬁ'ndorgrgunq F&tuxu_ ’ Gas Fforsgo ;

|

L8
si

Btua anansl deltverabilicy
scr )lﬂnm

:

spr3l sprse
1 1y5;
=
setf F
g 1
5 i

Coo procasa!
o 30 iach éiamster pipelise

e ieatins frem the comproaser
. tome - i

atat:
o Land dioturh

e o orn Fredwcad) T

(0]

i

&uﬂlu

AN PRODUCTS s
Btw Produced)

MAYER POLLUTANTS
Conatruction sctivities sey ;qtur-
strem

sanitery wes and petemtial
tirefighting ea sits.

Poteatlel axists for
well cesingi.

contanisstion of
local squifers through dafective gas

!-%m
It 1s asevaed that maw wells will be

drilled for ges injection smdé withdrawel.
Segligitle amovats of solid weets wil)

mis .
Potse C-rh. operstios weuld be

at property

during
® Muifer contmminstisn frem defective
sas wall castugs

ructise~-Total
o w.00 s 10k
metariale 420.00 (3 x 1012 niwe)
otuipmne 91.00
other canstrection costs 144,00
» 15.25
Laber 1.0
matarials 0.5
aquipneat 3.8
other cengtructisn cests 2.5
Comstructiom (3-Yosre) I* ! I’% i %ﬁ 3
sl 8515 0. .51
asw-nemetl nen-techmical .14 0229 0.229
1.307 35.3% 3.1
Operetisn and Nalntenance
aen-manusl tochatesl 0.0118?
ere-asael sen-techmical 6.0084%

0.02337

Note: Please refer to the qualification statements at the beginning of this

section on Natural Gas.
A

(o) Aswunse 62 x 10" ICF inte facility per yoar and 60 x 10" CF delivered fram stovege.

(V) Asouses $6,000 WP of 1a wee

In sctwal face,

sharscterietics of the system.

_u-umunm.n—wm

la-unln-

will vary on

WUMCHS: Bechtal Cotpnn-, 1978, hhlv Supply Plamning bul 8- Fraaciece, Caltfommis.

Poderal

» Sow York.

v.3s. hll—-xd Protection ua.q 197). Cemptlatisn of ASr Pollutast RBuiveise Facters. Offfce of Afr end Moete Kenagement,
Ssssarch rth Corolias.

Trimgis Park, Bo:

19
wa! Bo. CP 77-100 ot s1. Weshingtsu, B
Eats. D.L., 3. Cormell, L. Robayashi, F.8. Pest!

fer the TAPCO Preject. . Temseco Pipeliss Cospeay, ot al.

j-'—. J.A. Vary, J.R. Kleabass, amd C.V. Veinowg. Banfboek of Bagural Gos Raginesring.
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Natural Gas Transmission Pipeline

KNERQT SYSTEN) q‘ 3ED;
. ('.l' 10%¢ Stua Produced)
BIZE: & 30 lack ovteide diamater pipelize ne
. x ails laagth - ‘ I8 aaturel gas
] LA, umuy, losdé lactor anargy coatemt
e 0.53% x w‘ﬂt- par day input fual gas comsumed
o 96,9043 stfictlency
. zogl - ll»ﬁn, . o (Perci )“)
e 0.3218% x 1012 Btus per autpus COPOSTTR rceat.
(803 Lead fector) wathaze
190,480 = 1012 Btua per year output athane
(84T laed factor) propane
® 20 yasr scomomic lifa blcanes
. pentanss
(” bexanas and bigher
DESCRIPTION. aitrogen
3 A 400 ntla sadergroumd scael pipeline cardon auuu
constructed of W™ 0.0 x 0,625 APl - belium

LSO pipe md operatiag st 1200

pols waxtmen allowshls pressurs. MNatural
aas 1s driven by six centrifugel MATERIAL
conpressora located at 100 afle intervals, stesl
Tha compriassors are diven by gas turbinas . :
fualed by tha satural gas in the pipeline,
A aatering statica 1s located st sach

aad of the pipelise.

M
total land disturbed
pasmanant lend affected

coposmats:
@ Undexgrownd steal pipaline HATER
o Cowpressor statioms . teuporary Use (hydrostatic
® Msteriag statious .toating)
wall cspacity st
compreseot stations

CONCTRNS
® 50 esissioas from the compTessor

sthtions
e Lad dorisg construction
perticulacrly to strame and rivers
operation
costs
construction

1.0117 x 109 5C7 Input

.13 x 107 scp
(.nm: x 1012 prus)
On-Shore off Shore

sy lelugih

1.00 2.05
4.40 0.47
0.9 0.17
0.02 0,03
0 o.n
1.3 o
[} 0.%
0.58 [
1643.23 tous -

(02,16 tone)

43,35 acras (2.167 mu)“)
19.56 acres (0.973 acres)

0.5589 xog ..uu-(c)
2.7 = U plhn)
0.331 x m‘ eal1ons ¢

$3.00 wen-wonths ©
(4.15 msn-wonths)
0.21 ssn-yaara

SOURCES: (o) Pederal Powex Commisston, 1973, Hational Gas Suresy, Vol. 1II, Tramsaission. Washingtom,D.C.
Pover Comission isporr spplication £1iling by Teanesses

(v) Charactaristics of the aatural ges trensaission line are based on & Federal Power

Atlamtic Pipeline, FIC Docket Wo. CP77-100 st al.

AESIDUALS AND PRODUCTS:
(er 1012 Brug Produced

tome !
. [
=nleulnu ..001
P 1.518
) 0.21%
30n 0.0055

RaTER POLLUIANTS
Comstruction activitias
particularly strean
crosaings, msy temporarily
incrsays stresa sedimexs
toadings. Normal opers-
t100 should not affect
water quality.

S0LID WASTE
Hene

o't

Holse during construct®e
of pipsline sud cowprassor
stationg could resulcing
i sound lavels of %0

diA aloog edge of right

of-uay. !utnnnuur

seand levels of 121 &BA
coeld cccur duricg blse-~
tng. Wolse during
operstion would be

_rastricted to compreasc.
would be

stagions and
lese than 60 &DA at
beamdary of proparty.

ABSTEETICS

Aeathetic quality of
lemdscspe, particularly
in forested aress, will
ba altered for the life
time of the pipeline.

DaaCy

.92 x 12
aatural gas (1 x 10
Beus)

(c) Por & ome time cosmitmeat of tesources, the first nusbers Fepresents Xescurces vied per mmual 10 12 Btus, the valus in parenthesis
indte

{4} Sageler,

G, od. 1964, Ges Bn Nou T

(a) Derived from: U.5. Mayironssctal Pmt-:uau Agency, 1977. Coqunhu of Au Pollutant Bmission Fectors.
Tesneco Atlmatic Pipeline Cowpany,

Madagement, fasearch 'l’tha.h Park, North Carolina.
(f) Faderal Povar ml 1
st al. Dockee No. crn-mo st sl, Washingtom, D.C.

Impact tor tha TAFCO Project.

s the resouxrces uud per mﬂ Stu over the 20 year oeuun-k lua of tha project.

Office of Adr and Uaste

® ell cCapacity represents the snnual total cepacity of 20 gallons par aioure of the welle, &t six Compressor statious per lnu us
produced. It fs mot anticipated that avy of :hu walls would operate st u”cuy for may leagth of time,

Note: Please refer to the qualification statements at the beginning of this

section on Natural Gas.

'
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L2t

. LNG Tanker
ENFACY SYSTEA: l‘mﬂ Ve 4RS! AN PRRRCTS
(Per 107 8tw Froduced) (Paxr 10°¢ Beu Produced)
(D3]
S1Z8 ¢ 123,000 cublc weter capacity (2.6 KCV) (1020 Beus par SCF matuxsl gas) Afr Pollutaats Tons
n-;ar Boil-off burwed to power tenksr 9.3 lo’ [ 2] Parziculates FaG 1)
» 95.32 availability (348 days) : Pual o1l to power tasker n.4x m: [ ) 30, 1.424
® 95.0% efficiency (percent of carge Bofl-oft veated 7.72 = 10" Bt o, 5.842
delivered) " 0.324
@ 12 roundteips per yesr (26 days at sea, LA () [ 0.403
3 days fo port) Noss . 144,52
® 20 kmots service speed, 12,000 mautical
afle rousdirip NATER Callonw
@ 350 satric tows (ul.l 1c waters) Sammtar te cool shigboard ’
"heel” on 5“ LG botl-off cosdensors $84.25 x 10°
® 31,083 x w‘ lxu- daunud per yest ;2:’ M:L‘-t’:ﬂ vea and
(1020 Btus per cebic foot gas) MATERIALS 4% above port.
o 25 yoar sarvice MIe(S) steel 1002, &T“{u 1)“’ .
copper . X MASTE
108 slaatum 7 (o x;:;:g{ Hione emticipated
® A 63,460 deadwaight tom tapkar with five ngAnsse 9.274 6.37,
23,000 cuble auter Mook (1:%0)()  moisy
taake to bold Itquefiad mathace at -260°F. atckel 15.864 ( 0.675)( y [
Ship lengeh, 209; beam, 41; design draft, cant 1rom 3691 € 0.148)
11; weximm shaft horsapower, 40,000; %ﬁ?‘ﬂ_ﬁ_ Liguid Betural Gas
)3 crew sccomodations; service spesd, 10 oosT Dnl-l‘n 1978
imots. Ship fa double Bulled with ou C-uh::-etu- total Sa (m i : ::ou’::l lll):‘-'gle ln:ll.ﬁ
propeller. L] s
o puat s0d materials .  (120.8)(c) i
Operatien total ' "
® U Tacher(®) frees 22.54
watatensacs, proviatons 854,60
® Potemtial risk to craw snd cosstal popu- rEnsosag. Yoars
lations ta event of ml fire or vapor Construction (3 years) n. ()-D’,l)(:)
1gairion fol. pill. Risks Operations 11
amgs from seglty lh n qulul-( .
o uz-rn wvents such as hutticsenes
m, snd lightaing.
{a) Tte “bael® o & bellasted ship (s o reatdusl volwme reteined in the L3GC tsaks to kedp them cold.
(3] 1 e to the ship only. Shors-based sepport fscilitios muat be comsidered separstely.
{c) Por & of the first swaber upu.-‘n Tesources wosd por amnuval 108 B¢wg deliversd by tha tsmker, the value in
- the woad par I Btws dulivered over the amtive 23 yeor service life of the tumber.

(4) Pual use calculaticns ssswme the ship burse 2/3 befl-off gas end 1/3 oil while losded, .’ botl-off gas and 2/1 efl while ballested, and all

botl-off while {n port. Calculatioas slso assums
33 peicent efficlency.

engipes rua st .75 loed factor while eteamiug amd .13 load factor fa port, (s Soth cases at

SOURCES h‘nnl Powar Commission, 1977. TAPCO Froject, Fiaal hvzn—-ul m: Statwesst, Dockst Mo, P 77-100 ot a). Veshingtom, D.C.
K. and Ow

. Wehar, and 8. -

C.. P -8 B,
lv-n Aspociated with Nos-Mucleer Rsargy Mesovrces and Technology. n- MITRE Corporatiom, I'IHI. ll:u- Virgints.

Agouris, T., 1973, A Case Alatory: Rcomomics of sm LNG Project. Ocesa lsdustry, March 1975,
Papa

HcCowen, Johe, 1979. oﬂlu of Shipbuildiag Cowt, U.S.

Gallagher, J.M. ot al., I970. Rescurce

Requireues
Cosporaticn. Inc., August 1978, Sau Prawcisco, Califormia.

Veatern LG Project, Misal Iepact Dockat Bo. CP735-140, Yedetal Esargy degulatery

ta, Inpacta, smd Po ial with Variows Ssergy Puturss. Bechtel

Note: Please refer to the qualification shuuent.s at the beginning of this
‘'section on Natural Gas.

(TR
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Solvent Refined Coal II

MSTIMLS 4 TEORCES)
Our 17T Seu Protusety Clor 1912 Bew Prodesed)
© ’
b Bt wa P g;.ﬁ‘.?." Is
»1
« 43,000 9 S Buad oi)
-z:&-.-.u-a.u w - .a-m— 2
* Uughtha
» 402 TP mulber . oy ;:‘ mmais 2w
:ggm. ! ‘wilattles na aaceuey
® 3.18 5 161) Beu/duy wetal posdent S1nat suden w n.» e
ool et
0170 2 16" Be el weeal poviet “‘"’H.""",u“w u’m’l"n.'um aickel
Plast. Chacactentat Pelyemcianr ovgants 4 g4 00
ulﬂ-a!u::‘ n"’ 0 asterial
L]
» [ fantiteten
- peg oot STlA ke simpoval =

|

i

143
%;g%
| 3

:

nhm'n--u-t-—a-.mo-u-.“—mmmnny. The dota will be wpdsted when Bore content $58 docwss
omilable. The dats shwuld mot Do send directly for comparisse with sther cosl ligmefactisn precesses.

(1) Buprecentative valase selected lor sazlysis purpoess.
SUNCES: (o) Ritcmem Azmeciatas, Imc.
(v) Nictasn Rosecistes, tuc.
(o) M,
(6) Tiash md Pryec,

, Volwns IV, 1970,

i

-2

| J \ b L 3 L ] . 1






TN

‘H-Coal (1)

set

quelq aae ¢l nayl zg¢y s98ed

s

M%%luml.wd

5,000 TPD dey
o i n 108 (R 01 aeudey wevumm)
s
L]

wp

. 24,686 17D, caphiie

. .(m x 1012 Beu/day Liquid product riald
)

® 1,192 TPD swifur
* 234.6 TPD smacals

LR A 3 r-nh

@ 1.36 x 1010 Beu/dsy (1,90 tab/day)
alectric power (%o

‘@ 127.4 = 1012 Btu coral eanual product
cutput

Plast Q-ru:x-!nihi:_g

. 80, 1. pleat effictescy LEV(EMY)

# 20 yoars plant life

® 91.3% (9,000 Ar/yasr) ou stream factor

® 4035 acres plaat asise .
® 1,150 M3(1973) total ceptial coets

o
® Dried, pulverized coal 1s slurvied vith
cecycled ofl, sixed with hydrogen, ‘pre-
hoated and punped Lato an edullacisg
bad Teactor with s colbalt-molyhdawen
catalyat. Gases, vepors and 1tguid
.

{slurry)

concantrated batton slurry cam be weed
for hydrogen prodicticn.

o Coal prepersiion (¢ Loesche mtlls for
crvwehing, drying claseifying)

. ly:n)ao- Plant (Texaco partial oxidation
-t

® Prehesters

© Dullating Bed Reactors

® Produce Recovery Onite .
(esparators, stwospberic aod veceas
dtacillation wnite)

& Cas Processing uite
(ocrubblng. suifur racovery, atc)

DIV IXARENTAL CORCEENS
® afr sslesions
* solid waste
® water pollution from rencff aod lasching
@ occupationsl harzerds sad healch effecta
® notes
® odor

RRSTOU: AND PROCUCTS:
{Pax 1042 Btu Produced)

ANTS Tose
72,83 tosa ﬁ%ﬁ:‘m [
11,900 Beu/1b W0V 30, (wan.} 7
11,443 Beu/2b LAV w0 {(2.5) ) 40.%
rocarbons 0.4
2 ight [y
-9 MATER POLLUTANNE Tows
A8 Bo divect discharge []
" into asy wster source
4,43 SOLID WASTE
7.28 ity tou equivelemt 7,354
.12 -
Actes eyacrude . 93,358 barvale
Raac factiity 3.7 maphtin 64,578 barrels
0144 waste disposal LR o0 ia 14 toms
{returned to alne) sulfur 3,119 tons
" 62 toas
ose Ve, alectric povex 5,120 e
1s smtar -
botlar fead wetes waks wp
PIOCASS waler .
weate watet
wellicy wacar
cooling water
Tecsl
retowsrad water
Tacal wake wp vater (river)
Coastractiont®
rzasowsmL
comatructtonts)
operstien and meincensmce

(1) The deta presented sre besed ow o
The daty should
{2) Iscluding power gevazatioa.

of a tacality. The data vill be updated when more curveat dats bacome available.

e t 1
ot be used directly for cemperiscn with other cosl liquefaccloa Processes.

{3)  This represente laod commit{sd to wee ever the 1ffatime of the plant, divided by tha anpusl output of the plant, expreseed fa trillion Btu.
(4) This reptessats total cout, or meceower, divided by the somusl output of the olanL, exsreased fn rrillfon Ry,

€3)  Thes ta 8ot availsble. from Floor, for cemparisos data from TRV, Characterizations amd Dmte in the Araa of Coal Mess Eovirommencal

Data

s Yolume IV, 1976 are sdded.

JOURCE: Pluor Raglmests and Coastructors, Tac, , 1976, %Coul, Cowmarcial Cvaluation, FE-2002-12,

—
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. ENEEGT BTSTEN:

]
2T ¢ 275 & 10 \ST> oetp (otrean day)
In( 1 .lnehuy oan

-ﬂl’?‘ USED;
(Per 2 Ban Produced)

)
Harth Dakota n-u-

9,313 tonn -‘ﬁl’l

sty omatgy cout Tam b %, Sattier 3
. ?,n,;lhbn “f:"' 1,230 seulis ’ % onciilarien “:;'
® 27,272 tews coal feed to gastftar COAL MALYSIS (M) u.u%n_q
i -;: owergy toutest of é wter 1. o« -
74 x 1032 Rew/day ontput veletlla meterlal n.n
wlyear sutpur Tined carbem 9.9 qg
sciliary pover requirad anh 1.42
® 30 year pleat Aife wallor 1. donp vall diopmsel 8,08
Acres ST
® The Lurgl paetfisr s ueed Us produce lfﬂ-i otte {geetflcstion) % — 5.--_m¢| bﬁ
sdetitate aateral gas Crom ligaite diopenal (nine aswck) . a)
Lty Procese cesverts ceal EE-TRORECTS ﬁ’%&
Late & goa fa o I8 arma Acva-¥y, s 16,0
aeelfier. The Tov gax Is 'rn'é tar ol .10
poctliod to plald sa c ealy} naghche 3,480
doxt .-:-un 15 equivalant te aaters) v 5,106
9ot ln beoting velue. The Lurp! plast rovEs outfer 3,
£ capeble of wming any coal es Ite wciliey 00 W and
sow sntarisl. (Plees ave 20t
carvemtly gastfied). osts mljars high v poo 1. pory
const rection (997 Bow/cubic Cowt)
coul creshet [
Lergh gasiftex - Y
axrgen plams . “
1inestene Scrubber -
oEhey aqelpmaer L]
opertatios & eststenapce na
PERSCENEL #0. Worier;
ataarsl peiveriser Toumtrvetion (¥ yeare) =
atnck operatios (X0 vears) e
& Waate water L7estuest
« bendlalt
BevLome
Bpesal
saria pollntants from boller
® large vater deniné
u‘umlumno)-u"m‘mn-; 5vmmu‘umu‘:‘iw‘"mpm (335 ; 8143 = S.9).
-n.mln-.n'una for che 11.03 Beu/pasr plaat, 192.3 scre-fesc per 2%
(1) Couvamed by plast to pemerste stesa.
HARTY: B.3. Departaant of the tacarior, Tinel Eavircwsmtal W L_Stat. foy the ARC Cosl Coallicatima Borth ts
Drejece, 008, j
pr—
™ | f
T C 3 3 Load Ld Lo Lod e o o 07O







™~ { Y
ad . 1

o L

j—

T TSI MESOBRCLS USED: FRODECTS:
(Por 1032 Keu Produced) (tn ta Froduced)
© P p— - e
— 275 2 10 Seuldey owput Sestern Subbituatncus cosl vettlevlaces
el bast contest sastiier tosd o,
C‘D 4,992 T/day cosl fasd ceta to euxilisries sailiarier food -
o 4288 T/dey ceal feed cate Lo guaifiars onety comtemt Wrlrecarvons
teniaves conl § o 'ns
cazbos al
(=N o %0.23 7 1612 Deayear welutile satertial !!;l_%
pmid 30 yasr plmt ltfe wolfur surfoca dlsposal .
- Lo wine burial (X 0
o * e Luryt pesifisr 1s woed to produce s003p sy
ovbatitets usterel oo Cree Mvminew Lam - 0,
wsel. The Luzgi peocess comverts conl piaat site (permanent ’
-] porticles 1ate 6 goe fa & Pined-bed dloponal (atne mouth)
Py Seiftee. Tha raw pes 1s proceseed Bte gan s 10
#nd puritiod to yiald s eutpet pro- 934 Bew/eh)
m duct gee thet 1a egefvalaat to matwral wrm
9as is hasciug valus. The Largi plaat conmunpt Lva FI-PRODUCTS
(4] 1s eapeble of weing ey coal 88 its tar 3076
fagut Tew matertal. (Times sTe mot cosTS tar ofl 3,120
cxraly geetfied). conatruct ton ssmoaie 4,480
o coal crushar ml :::
p— Lurgt gastitere e
® teal crweber oxypen plast saghtha a
[o3) 1 cosl gastfiars imastons scrubber
- ohifc coaverter other eyul!
Mrerford gos closa-up operation & melstensace
b ot teievall sethamator .
smyprn plem rexsomm.
) ¢ oe—efte stilities plemc constrection (3 yesrs)
® lisescone scTubber operazion (X0 yesrs)
- ® stnerel pulverisar
w » leodfitl
o ® mista wtet trestaent
® atach
—mu
w0114 vaste dioposal
- ctitaria polletancts fros boiler
® large veter demend
140 scces are Temired for the 90,23 & 10'2 yeus glast. 10.64 64 acres sre repuived for & 10/ Sew plet (90 59033 # 10.60).
49,482 acre-Test/year are roquired (o the $0.23 = 1013 Bru/year plasc, 103.6 scve-fest/yosr ere requized for & Planc

(9,402 & 90.25 = 103.4).

SOCRCE: T.5. Dmpartmsnt of the fnterior, Final 4 al Sta for_the B) P 8101 1) 5y, Waw co, 1977,
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In-8itu Coal Gasification

ENEICY SYITIM:

gg.m-u‘utunq-mmnn'

® 126 Biw/act bast contemt

150 & 1017 Meu/day fuel pas sutpue
oparates 328.3 days puv yoar

© 90 plant eveilsbiltcy

® overall swergy officiency 312

® plant 11fe 30 yoors

-

Stepe coastiat of

M.m"l )
(Por 1045 Stu of Puel Gas Preduced)

osal (dry) 99,200 tous
Beve
anel Cuel for
air cospression and 12
webile equipment 0.33 2 10 12
stilities 0.01% x W0

%n-—ln‘ coal (I-a fie1d)
‘19,783 Bee/lb

:lull- and produc . h«.:- -M (dry)
tcatiom propares the coal bod Proxisste "
Makiag dolineble potoca ta prioviiivendin L0y seighe)
Saon wwch 4 the lalet and owtlet welstile metter 0
bare hales. The tmplaced Fracture weiature 7
1122 betwoen tal iy Ty
and outlet of the bove 1scresses the swlfur 3
parmeability of the coal bod. Mhis (s
Ixaceure -, be 11shed by Ackes
.“1 ll.t tacilicion 0.24
Casification tacreduces ai7 into Che (ares 1.5
coul seem which wpen comcact with lll.cl.‘)
the csal preduces, hydreges, cardos (2) .
asasnida, csrbea diamide. weker vepor g g{ﬁig.
ond msthase. predect gases ove rqdn—n
rought o the maface, :h—d -d
pritebody conts Pollaxe
! construction Y
oparation § waintensnce L
@ drilling squipmeat :
& campressor PERSOMYEL Morkery
® sxplestves constrection ="
@ gas clesning and heat recevery & -

tive &
water .-uuu-
» oubodden:
® walse nllnu-

aisetonn

1) Subsequent towts hove Seportad preduct gas h-u-‘ valwse of 173 Bcw/sct,
does mot consider weter alresdy presant is cesal sass.

(l) This velus Tepresests teral weter requiranents and

fugitive from
1008 ealfur

trefflc and high pressurs squipsent.

ASSIDUALS AN PRCDUCTS:
(Per 1012 Rru of Puel Gas Produced)
o -

1
2
]
H
sEpesjf

pol ien
duwe to leachat:
Y ”» t“.(0
ligeid hydrocarhens (tams) 0.05 « 10,, Stws
sonaible bas! 6132 10" e

%}-ﬂﬁ.ﬁ! .00 5 10" 24§

* 126 Majsct

CROIVSEY .
(5) Sepresents tocel’ land sffected, divided by the smmual onsrgy sutput msssured Lo nuun Btus. For answple, 20 scres 3 82.123 » 0.3 umllo“ R,
JO0URCE: The favicemmuscsl Preteciies Agency, Is-Sity Capificaties: Statss of Tach

Yspact, EPA-400/7-77043, 1917,

~—

)







Burface 01l SBhale Mining

< 1) TeM

(1) Tajs tetal cost of

Departaemt of Eaergy, Dy
Ungversity of Ok

at
Lohene, Smergy Altermatives: A %nuu Assiysia, 1973,
Sechtel Corperstion. Caarpy Seyply Fismeleg Vodel, T91)-

the plaat, divided by the

Sestmsente Land comairted to wes evur che Iifotine of the plant. divided b7 the emmus) suceut of the pleat. emn
‘amausl watput of ¢ plest, expressed

SOURLES: Raviroumental Pretection Agency, Femitorisg Bwwivesmmentsl %su of the Cosl sad D11 Shale Isdustries, $00/7-77-01%,
Comeron Eoglaeers Tucovpotated, Syathetic Puele %. 1975,
at Al s od) Protocgpe OL) Shal

(¢+] OMIGY SYSTIR: [
o (rer 1oL peu Pratvceds
e l.mu-tdm-h-cuy .
(124 "0 0,433 & 1017 geufbay Ve unnined shaly Y
[ o T @ 2,000 Stu/pound of Tew shale o.di
-— . !0 wlm/u- shale eIl comtemt oaescy 1.9
-3 oparptes 220.5 days/yast aloctricicy for operating L4
oo el i nioed/rea) drillieg squipwest md 1.0
oQ ® cotal sasual -...-u.nur.mhu. trucks
© adve 15fa to 30 years
o ] P! gm!sm‘ arerisl
® 1a surface mining, the ovarburdes s vater 18 Ftound wtet by nine water
[«%) Towoved expoetag Cha wdetiyiag shale, taorgemic mteriel "s
Shale 18 ained eslag the beach techntyes. ) SOLID wasTYy
o ale (s fractored Chroveh 4rilliag , astligibie (see Processiog)
‘D sad blasting and tressported by trwcks sise davelopment gﬁ,
o primery crushing stte. disposal of peraanmt 7.4 zn_vﬂ'.;m Toms
> adned dhale twck s
cowgnrs . worage of epeec shale 11
g ® drilileg exuipasat dispenal of spont shale b
& atcavarion squipaemt’ (craaes)
2 ® crushers waten Jeran-Peet
: ® teucks Biaing sad creshing 2. EESS )
o= Qreiaomen s, concraes @ Dojlars (3978
¢ quality detarjorstion constTucs Lloa
* noise T 126,033
® vatar coquirenent naterials 28,009
® comtanination of emdergroved weter oquipmont NN
supplies vith saline aee weter athet coat Aanr
. tosal R :
operation & melucenewce ("I
[ FERSOBEL Nordera
» . comstruction [y
g eperation & mststenamce .-

» ull“n ey,

iy Lessing Peogren. 1979.

ressed in erillion Beu.

bruary 1977,
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B - B R ' . o . _Underground 01l Bhaie Mining |
[ = 2 "o - 59 VeRRNCTS:
Py - Uher 161 Ben brosucetd ey, odiaraii]
o B s s .
& '7:'., ol B Tow waisn! shele 1 post _',‘"
= frrint el g e =
. e
oQ X aletricity for oparsting [ lrecartons
) voa driliing eqvtparat mé L) o
® total eumm) ot b 1300 8 o ae Crucks - .
- ] ® nine L3fe is 30 years S pmarsers
cowoysyion 107 i) 1ty of salise
N i organis esterisl 1. . cumtmiuation of wader-
winteg uees roem wnd piller water e Crowed uster vith wies wates
o The oi1 shale dapeeit 15 Terpentc mertal nls
(4] n _—
) alne devalopmest Tads
2 ~ crwshing 1.9
tiem
Sloatisg. The breken shale is tresepert: s f‘ﬁ"g’"
[«V] to portable civeher for primacy croshieg. Sdalag ond creshing AFWT- Ly
= cogomms . ours etiars (078 | .
- - T etii) ing equipment comatructionl? >
N encavation equipnent (crames) 164,106
© crashare 43,240
® trwche ' .:::-’ 3 !::.:l
bs .
H otal W:a{'
® alr gelity dotertorarsen . epersrice 4 malstensace [
* wine B : .
® water 'I'IIII‘Q:I :_:‘2.%.-< - M‘:l_ . i )
© eien Tattes iae marart T e e it ¢ meiacomabes n - - - )
> | .
o (1) TiS reptessnts lond commitred 10 wes svar the 11ferine of the plont, divided by the saass) sutgt of LA 1n teilhien Bre. i -

plant, sprsoned
§2) THs represescs total cost of comBtructing Whe Lot divided by the sausl eatpec of Che plaat, sxpressed is crillien Ste.

SANCES)  Lavicoamentsl Pracacty 1o of the Onsl and 01} Dhale ledustrias, $00/7-77-015, Pebruscy, 1977,

L Beis lessivg Progree, IV
H ™
Sechtel Corporatios, !zm‘m'——— . !
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TOBSCO II Bhale Retorting

i

Sounces:

ACY TISTIM:

S @ 30,000 u:.luy of crda akale ofl

. l’“ .:-nd- of o1l/year
.0 "
108 peulbarrer | - :

. n/yosr
. u.l_‘lnl'nt” "ll@
® plaat 2ife 30 yuare

® plest afftctamcy (thermal) 673

Lasl

od catanic balls are fud
asarel retatisg cylisdrical
aized with crushad shale (1/2 Anc .
dismster). Pyrolysic eccurs ot $00°T.
Shals o4} etasn and gavas are -ltlal trom
ena wid of the ratert mad are cellected
and fod 1ato 8 fracticaster for preduct

ary. The caremic halle srs recycled
45 & varticel hall heater where rehestisg
fox Curthar woe sccurs.

@ hogl~
t and

® Weftzontal cylindrical ratort
& fractionator and cobar

- Wydrofiner

@ gas o1) Wydrofiner

. hanith ul‘t- ‘-c to’

o ] usEDy
(rer 1012 Bee i«u«n

ust contzel wa edsle ash

sslsture svaperater
dust mcrul
ravagetation

tire sad ‘ﬂlll‘
otal

coert?!
consteuct Lon
nanpover

o detazioratisn ll water quality due tp
e

© socio-acenmic problems due to high
Leflax of porsonael in wmw-u
_syarsely pepulated s

() taivareicy of Deuvar,
(c) Uwiversity of Ohlahome,
) Bachtel Corporatiom,

orhaT_cost
total
oparation ¢ meintemsace

PERSOMNEL
consEcuct ion
apecation & ssistenasce

U1} Land wee value Twpresents land commicced ¢O use for tha lullny. divided by
12) Sewts are totel coste for plant comstruckion, divided by snmusl

(o) Eavirommental Prosection u-ev. mmuﬁmmm wu-n-ou. '0'-" wn.

- B
230,000 tons part:
[

I3 mileasitons 30
mﬂ!}. glt-un‘-

| X p
e e gﬁ: ate-

Horke

- b
n.y

produceion, -uuul “ta tetdlion Bie.

sutput, weasured 18 trilliow dtu.

Tomg
199,000

"l.%-u..ruh

S.6x 0 ltnhlncl -
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WNRCY STSIRV:

4,200 tene of tov shale nimd/der**’
- 102,600 u.' ,I vaw shale feletied
Sa~eite/

© chote -n esatonr 23 gallons/renl®?
oy

® .29 2 W1 Rewsdey
® 9.0 n 1Y seulyear

@ pleat L28s 30 year: w
* tharasd o"m-ty lll overal)

™ s roumay
oA e 10 assutmd & 2ero

"’ direct dischazge of
1 st aay weter
P

E .‘Hl.‘ ta~eite spprenlaately 13-208%
the dopsait Lo nined uslng convent lonal surtace Yecliftles
-m. mhlp.. 16 the ground aed frac- active wll aren
chanical, Mydreuiic,
. Prior te tracturieg of

souta ) Toss
shent shale 9,000

E.?! MODUCT rral
refined shale oil 192,

After Ignition, reverting takes

. hnll.n" and coher
® naphine hydrefimer -
© goe el Npdrelimar

® bydtosem plont

® Vy-produce

o
n Seteriovetion nl vater quality dwe to
leschaten and remoff
® solin wste dlsposal
© @ seclo-ecommic problome due to high nflux
of perermnel (8 previsusly sparselv popula-
Cod atess

SApprenimeivly ene barrel of vatvr/barral of el) 1a produced during retorting bv the veleass of Interstital vater sed the cosbussion of hydecarboss.

fouRcas:  (s) Comaron Innr-.
m s -u Trows,

oll nisc. 9ss snd stean produced are
the surface ¢ production velll ™
Ligwid gathered st th nn of the combustion )
soax 'y lager products are coneE ruction
ol Lasd ualng tochalques n-un o surface operaticn & mafatensace .
Gaing. ¢ v
iy
comatiuction
= E«u-a Tetars crested from blastiey operstics & matucnence

e DNy
m Bavirommeats] Protect ice AGTacy, &
(e} Ashland 081, Uac.. Lesses § Occl:

it mn-n-«n July 1977,
5. C-bs Fedruary, 1977,

L
=
e
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N e e e S DL NS POPRRRTPP N s .
R staTin [l sz RESIORALS AMD PRODOCTS:
' (ror 1012 Bew Produced) (Par 10°¢ B Produced)

(0
helasany (ingcomd) o I
poid = 433,900 toms arviculaces

o1l concent W mllen/tos 8, lﬁ:
aoy o
§ l6as e i barrate ot au/r-n capostyion’® top gy Aofrocshons 4.6
& wparaiue 18,3 days armalc waterial 1) o 3.8
& 10tal siweal weiput n u o -t = a}
o therme) offietmey 3 a MATER POLLUTANTS ™.
spent “ ¥ divece dischargs to say
vater body
! -
wwrlace tacllitien, 30LID W
Lot wpent sbale n.i‘ 5 R
ective vell ares, "2
(production tewparasy EMERCY PRODUCT el
"l m»ll-ﬂ {ed on tws opposing ) Calined shaie oil o
elina wf the deposit. A retercing flutd uarex

Thtortiog 6 wpgrading
Ppover genacation

stésm injection

atscellzascus

€

Ihat sreem o gas) le dnjuciod withia the
forngriton. After

cosrs!®?
comst ruckfom
sanpover
watersale
*quipmant
other comt
Innatnr wnd roker total
@ paphthe hwd il Iner . operaticn & mslntessnce
® s o] Aedinf ines

& hedegon plan rinsomar : Yockere
® by pveduer recovery N coastiuction £

operation b wsintevance »A

14 vante dispone)
@ besbet momie prohlms due to high (nflus
o1 pesswmnyl In precioualy spareels
N .

Marreeiasivls e Marel of mater Inml of 06l {s preduced during Tetortiag by the relesss of Intevstical water aad the combustion of Nydrocarbons.

i LY 1 P -«nq. iag Envivommental lmcn of the Casl asd 011 Shale Induscries, $00/7-77-013, Febeusry. 927,
o) famrren eie T Yorls Wamdbook, 197
Avirommencal Protectlon Agency ucte from 011 Shale Developwent. 600/7-72-069, tuiy 1977,
4Y Oviverstey of hlatoms, Rner, ; 24 24
v Sashiel Corporacion, Suj

Nodal,” 1978 .
M Besutcwens of Energy, Draft fav(cormental impace Scetement for the (updated) Pratotype 0Ll Shale Lassing Prograe, 1979.
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" Solar Heating and Cooling of Building Systems
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Residential/Commercial Hot Water Heating

esmventiseal wa
(alactric, sataral gau- lu‘)

© prosthle sceidental opiilege oF lankage
d-n.lql
Md-ln-u—ﬂqﬂ-u
oullon.ml..u
© flatd dispesel

L2 13
(hunbet of Dutt MK”- o Yield 10

pepnk
S=tae

5 acve-te per 1012 Bei preduced

ﬂ ame

2 ad
$126.3 0 108 U303 por 8 wmite

aRRcueg,
Bots aat aveiloble

iﬁﬁ —u—.-lx—umu.umn-uhm

SOUACE: Led Alamme Sciemtific Laborscery, 1909,

TEMEY Preject, Selor

SESTDUALE AN PRGBOCYS:
Orer 1012 Bew Froduced)
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sesiden’

ommerolia

C.J

L

WIT Y STET: REIURCES DRI
Ohembor of Uait Tyetums to Tiald 10'2
. T ol chelees Se/yr ¥ = 2,030
@ 308 fe2 collecter (flat plate)
- " arovegs
.u.s#mmwum"

E wceay of flat plate collectors
shooste selss thermel -nd

gu“u-w

ﬁu':;"““'m-u— 10.62 m“l
power t - 10.6 x

cewventicna]l feel reqeired to cever 25X of

- onatgy e loed
trasefots 1t Lo storage vis sclution
of sncer and giycel alcohol, The
bastad -u: ia the task u m W
&-‘ & hoat anchenger. in tons par X wica)
te pruvide spaca unnu. otenl 0.3
.ul«l— of the system s asmumnd slase . 8.4
te be 20 yuars. wrethane 1
owpper 1.7
caolaat [ K]
csllector panels (dowble-glased)
stevage tenh ﬁ'
® coppeT baat emchoagers (2) thle
o pope (2)
» vaives (2) .
» vents
& systen cemgrola mn-n por 1082 pew produced
[ tsmelation Lo

Lo e . - %Ejﬂ A9778) per watt
. mh n:zu-ul opillage and leakage $248.9 x 106 (19779) per W wmits

huﬂ 'ou-:ul ’ toxtic working f1uid
© cellacter sverhesting or fire

* tluid diegenal ) ﬁ ml!»ln

*Chentes) Ouypen Bumesd aseuning nitisate disposs] of all werkieg fluid fa weter.

"h:nl-nnwtuuh Maating ssason

SUGNCE: Loa dlamss Sclwntific Labotatory, 1979.
1y hon-, bdnlou Assenowsute Bivisiem, OTI, KV, BOR.

Jola bret.
Bav Mhxico. nm'hu h-‘l of lol- hnru

ESSINUALS AND PAOGOCTS:
(Pex 1032 Beu Produced)
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ﬁeaidontla] Heating and Cooling—Aotive SBystem

UNIT CAEALY SYETEN:

ARIOUECEY USED: 12 Lo AND PRODUCTS
(umber of Unit Systems to Yield 10 (Par 1074 Bty Produced)
Beufye; W = 14,083)
SUIE o pravides 133 ul the heating and cooling .
losd AIR POLLUTANTS
® 30 fe° colloctor avsa (fiar plate) .- Y noRe
® 300 gallions atoraye TPar 10°° Beu Produced).
® 1) & 104 Bu/ye tn Denver ** solar - lneclation "
ancillary powsr requitement ~ 7.1 x 10 SATER POLLUTANTS
L] COD* 1130 tome
o = convencional fuel to cover 25T of the
® A stray uf flat plate coilectore sbeotbs load : .
solar thernsl and tranafers It to . SOLID RASTE
agor on of water and glycel BOnR
aleahal, watet la the tank ls ERINLS
pempead through changes En the (10F tone per B wuite)
houdie Lo P apace hasting, or e oel ' 3.6 VASTENEAT
pumped through an absorptios-ype glass 5.7 aond
_tatrigerator. Lifetine of the systes fs urathane 2.6
sssumed ¢0 be 10 years. copper 1.0
coolant (ethyl glycol) 5.6 LNENCY PRODUCT
g 1017 Biu thermal .
. R (heating snd cooling)
® solar collector panels (double-glazed) o
& storage tank : . negligible (roof mounted)
® coppar heat exchangers (2}
® ooa-iach diameter copper piping {100 faet)
* pamps (2) 3
o vatves (D) B Ecre-te. pur 101 Beu produces
* sbactptico-typa refrigerstor .
 veate N
® system controls oosTs
* uretbans . $23,458 (19273) per unic )
o $330.4 x 100 (19778) por ¥ units
* poss:

1e sccideatal sptllage or laskage of rrssgOnL )
working flutd . S Data oot available
© hazard potantisl of toxic working flutd

® collector avachasting or fire )

® f1nid dieposal

SCmmical Cuygen Domand essuning ultimsts disposal of ail working fluld im weter.
** Based on an assumed 8 month operating season

SOUMCE: los Alswos Scientific Laboratory, 1979. cterizat! spd of Sslgcted Solar Th s
13 1 L~ . Loe &, Sew Maxico. Twchao! Saseswment of Solar

ect, Salar Feogrem,

)

)
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Residential/Commerocial Heating—Passive 8ystem

0T WY STeTo,

S1E @ srovides 75T of the hesting lesd
* 300 l‘rﬁrenu wall
® 47,3 5 0% Bew/yr tn Beswer®

suniight hours, solar radistion
pimetrates the odverisg gless and 1a
sheerhed by the tencrete will. The
sdncrate zadiates heat, which circe-

lates by mstwral couvection to haat
fatericr living epece. At alight,

tween the two pamas of covering glave

to Teduce bast loss. Lifetise of the
systen 15 asevmad te be 20 years.

] Mli Onnlly concTate wall (18 nan
. ;lnhz (two 1/8 fack thick sheeta)
o fsanlating drape

RVIAGRENTAL CONCEN

‘M--m—‘t-nluuqm
BOMCE: Los Alemce Sclemtific Lsberatery, 1919,

Restdentia) add Process Nest Agplicatisms. LA-F¥3-TARE. u. Alaos, Bov Maxice.
Frogram,

MESOVRCES DSED: 12
(Vatber of Tuit Syatems to Yield 16
ety B = N, HBY

= ancillery —u-" required

107 toas per § wmits)

ﬁum.

i
wegligtble

=13
36,600 (19725) per wmit .
$130.9 & 10° (19773) per W wnite

- Bets set avalleble.

(TASK) Prejeck, Selar

v

fochae Logy
Diviaies, OT1, UV, BOE.

GESCABALS AMP PRODUCTS:
(Por 1812 Beu Produced)

e

i ¢
Asseagmeat of Eaargy
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. Solar Agricultural and Industrial Process Heat Systems
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WIT GBKACT SYPTEN:

“SLRR @ provides 30-100°C Lew tesperature ladustried
process hast

® 900 gajlan star

%lnﬂnu

age Lok
300 fe ‘ulluur ares (flat plaze}
6 = 107 Beu/yr tn tadtesspolis

Tluid 10 the aterage tonk Lo thon pumped
through & secend hest

= preduce
low temparsture process hes:. Lifetine

of the systes 15 sesumpd to bu-20 yuscs.

flac plate solsr colleccer
900 gallon atornge teak

2 copper bast sxcnsegers .
100 fx. of 1 In. dismeter copper piplsg
paye . :

leskage or spillage of ayurem fluid
product contemlest len .
flutd dispessl '

sbuorbad wnts swnrellective
swefacas of coliscter pamels. Therml emergy
is trassferved (rem collectors te osterage,
esing & cleses mter/giycel lavp sed a copper
host v immersed ia the stortage tank.

t Syatwas to Tield 1017
Banfye; B =13,33%5)

stesl 16
slase a2
wrethene 1.84
oappar 0.66
coolemt 41
LuD

uagligible

|
!
e S R
t. par Btw pi

com !

Data wot svailebla

Rets net svatishle

iCheuical Ouygon Desand Ssswnisg sitimete dlapesal of all working fluid ta water.
S0URCE: Los Alemme laboratory, 1979. tecterisstion and of Selected Solar

ond Process Sast dpplicaticas. LA-7995-TATE. Los Almmce, Mexico.

Selar

of1, V. BOR.

I?
logy Assessmeat ol Solar Resrgy (TASK) Project,

Low Temperature Solar AIPH

ta wot availshle

e

for. tial
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Medium Temperature Solar AIPH

691

UNIT RERACY BYSTON

UAL @ provides 140-30°C mediva tonpe:
foburiziel procans oot rassre
* %00 sq 2% concentiating collector sres
® 900 gallon sterege tanh
© 100.3 » 10° peufye tn Nedisen, Vinconstis

. Ell’l ateitas persboll: reflector

osurfaces and 18 reflectod/concantrated
onte the sbsothber surface st the veartes.
Therninsl 64 Ls pumped chrough the
wvarten te frensfer haat te stersge.
Lifacing of the s/eten 13 aasumed ¢o be
0 years.

callectore ag-ty,

# 900 galton storage task
1.copper heat enchangere
00 1=tach diameter coppar u.l-'

roduc
» fisid disponsl

EESOURCRS VASD: 2
{aber of Uatt Systwms te Tiald 10
Melyr; B 9,7%)

et 101 atu Produced)

soler lusolation

aacillary esargy requiremsat - dats
st svallsble

% sar B waits)

acanl 3.3

slese 28
slumioun 341
wethane .92
coolemt (data not svatlabla]

| T
|
%«-—u.nw"mm

Data sor -uuau

Patowar
Dats 20t avallable

“Chemical Oxygen Dumand asswing ultimate dieposal of 311 wocking flutd in weter.

*oColipctor sise 1a

yoor pulp mil].

upou specific application, more then one module may be required; i.e..
1,268 mit eystens would de nnlu m ’twun wT of the sediwm tampetatere {100-300°C) process hest lesd for & 200,000 towe/

SOURCE:  1oe Alamos Sciewmtific lebaratory, 1979, The Qharacterisstiom ead

uﬂﬁ of Selected % Snavgy !Exg for
dential sed Process Saat lications. LA-TOP-TASE. Los Alemos, Bew fco,  Techno! Ssssosmmat Selar
Busrgy (IAST) Project, Solar Techoolegy Frogres, .

s AND PRODUCTS s
(e 1012 Bes Produced)

L

-~







yuejq a3ed Buipaoaid

u

‘Pm_to‘vol taic Energy Systems '
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Residential Photovoltaio Bys

GUIT BMACY: STSTEN:

L
!!u.mlxu'-unlulh wone 1n Pomis
o tollector (]
. 14,420 W’t (nlt-' Losees)

;%W strikiag the photowoltaic
ulh faduces a dc slectrical curreme
which is fod efther ts bottery storage or
is coaverted Lato alteruating cwrrent and
supplied for immedinte wae in the houe.

6 array of silicea-baned photowoltaic cells
® bottary sterage subeysten
® iaverser

: . uEu- .; E seves during eystes

opetatiom v -ll—nl-

© onlld waske dispesa!

o lehalatien of toxic gooas and dusts by PV
Aadvetty workars

yueyq aded Supasald

€11

Tockso]
Assssoments Bivisiss, OY1, BV, DOK.

oII

neL

et 10'7 Beu Produced)

solar jssoletion

snctllary pover requiremsat ~ dsta eot
availeble

NATENIALY
(Tons per ¥ ualc)

. plasttc . 2.02 « 10}
oilicon 6.14 = 10
aluntom 8
oilver 2.7

tantalun pemtoxide 2. 2
eolder (60740 tis/lead) 1.9 = xo‘
load 3.16 » 10,
entimony 7.33 5 10
polypropylens 2.53 x 10)
mlfuric sctd IR N3 lO’
atesl 4,43 2 10°
copper 1.2 = 10)
atac 5.
porcelatn C s
varaieh 5.3
slase ..
=iainel

% acra £t por 10 Bt produced

sosrs
Dsta ot available

Papsomet.
Dats not avelitable

SEBTIGALS AND FRODUCTS:
(Par 1012 Mru Produced)

MMITINIAY
dats aot svailable

bEry iy

SOUSCE: Les Almes Scleasific Leborstory, 1979, wmmw u-nu-nn Los Alawoe,
o Moxtca. Assessmtat of Solar Esergy (TASE) Preject, Selsr

- JJ Lo o L 4 L

[

J
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Solar Photovoltaic Power Plant (Central Utility)

RACY PYITIN:

125 o toctary rated pvng ya wp

K.
® saflectore aml Phunuls v 4b.

0% M pean Liald unl«w::.:“ fasd o
:”"..,.:.:‘,'12‘2”2'3‘1' Cininany or 92t

ctos 0.

Spnetey tac "™ oavaidastiaey of
® ovatlebliity ub 0.0
® " Slatage syeten
® fLald conns

48,700 G /veac
® f1ald pradecen . 844 o V0 g rynar

€AY claninh kg ot )
Licun watratmivate cedle
o1 OtL ids romverta suler
6o slactilithy: by AVatre employs
flactor to tuiinang Tiekrew.  Power
camdiciontan (omplamih 1y Matgmed o bu
<spania of dalivering ved sywav paver.

selar arvass
® refiectiog surte. s
® lavectars/io
rangtoree .
© Bedium voltens abting

B 55%5:‘? Fn!! VAL 5 o]

Telaaess durlag Renule: iy, o celln

© theTual raleasss 9l Nuites  fmremerer

- chaages over large leini' Gimny presthly
Froducing 10cal weaitel Avemgen .

. ‘.:" from solar atiazs :

® lacge land arow wned, Guwiaing
Haruptions aud compei st e et pet it

L] N

land T3
® lack of sufficrens yuasispe, >,
( Abeerie, (nforme~
tlen about poteatiel Choadye b, nrorme

“Deta fer other mareriala nut [EEVYTIN Py

018 of 3348 avave; each producing
(L

SE50URCEY GRKD:
(Par 107" nte ;ua-:d)

(ﬁ- of Unit Systems to Yiald
101% peu/ye; w1.19)

Bru'e
it seter restarion D% g
mrpiage Tous
concrece :
stlicon | Mot Avetlsbla
otosl
Luo
atte
o caatag only
costaes Dodisrs (1976
cosstruction

tiald or arcays

power conditioning
and faciitcy

tof

oparation and saicteuance

JERSOWST]
comstruction (peak)
Operation and walateamice

TOnets aru for 1965 COMEAUILIVUL g, gymase Lacge decreass frem prassmt cowes.

47,000,000

19,000,000
114,200,200
1,860,000

SOERCES:  Tha MITAR Corpurativo. ‘prerems Descriptions asd Eogisesring Conts for Solar-Selsted Techaologies, Vol. VIIL, lune 207,
Cof. Inargy Basedronr - Flas, Laergy

tophent Adminietration, Uavirommentsl

AESIDUALS AND PRODUCTS:
(Per 1012 Btu Produced)

A POLLUT:

%0 normal relesses

raleases fzom damaged celle
stlicon {relatively inert)

u}ﬁznﬂ‘l-nrn‘nu (releaned

during washing onca svery
3-5 monthe)
sodtum phosphate

vegetation suppressante

pesticides

e

therwsl raleases from collectors
to atmosphere 4

reduceion in oet solar input to
land ares
changed roflectivity, absorptivicy,
enisatvity of land area
coacentrated sclar radiation
om collectora producing glare
shading of land

DERCY PRODDCT
elecericity

1977,

oepliptble

2-3 os/3 gallone
of weter

[T
293 x 10"
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VLT IMERCY SYSTRM:

jiti ¥} 'uwll-n elacteis povar
u—mm ntuw.
wls I'. uul capacicy ¥
@ 223 copacity factor
* 28,900 BA/yT

IE'!.‘!";Q

. aachine lql- nodu:u. -hcltlel:’
hon vind spoed Touches B mph. At 26 wph,
the systes resches masimm rated output
aad at 30 aph, the machine stops genarsting
o protect 1tsell from danage. Lifetima of
the system 15 semmed to be X0 years.

. gill‘.‘ roter (23 it tn diameter)

® ealf-encited gemerator
® emall tower .
® Cantal synchromsus iaverter
® battary stofags

@ safety hazards uu:nud with sachanical
otzese
@ slectronagastic Laterferaace

® wtse
o snathatice

*Low Viod Regise (12-15 MPM 4C 10 Meters)
SOURCE: lee Alsmow Sciectific hbolllory. 1979,
[ 1

Zechno,
of Selsr Emargy (TASR) Projecet,

Residential/Commeroial Wind Bnergy Conversion System

WASONACSS SeED: 22
(hwnher 'of Dait Systems to Yield 10
Stalye; 8 - 1919

E lO‘a 32w Prodaced)

wind ewargy

anciiiarty power reyuiremat - dsta mot
availably

im teas gar ¥ uaits)
wosl 62,23
comcrete 1.43

coppary i 186.)
e |
.02 acre per l;nlu
|
arEn
segligible

Data et availadle

raRsowe
Buts not available

EESINUALY AN PRODCTS
CPor 101 Bu Preduced)

“AIR TOULOTANTS

UATER POLLUTANTS

. LASOAL-TASE. Techsology'
‘Asssssnents Divisios, OTT, BY, DOR.

~

it
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ONIT RACY SYRIRN:
$123 o pewer to attltsy grid

* @ 1.3 Wil zated copecit)
& capaeity factor M, .33, and .22 for

.—l' outpat ng on wisd: rasgas
4.99 G te 2.09 Gi/yr fng Oa
wind regine.

%.ﬁu turms ¢the rotor Lo produce

shafc borsopswer. The mschise operstes
ot couptane spasd by warying the pitch
of it reter blades. Liferime of the
oysten is asewad to be X0 years.

& Totor assably

® tower

J0 PUmATatey

® sa emergy stoTege subeyaten smy slso be
Ancleded

© step-wp gears

oty Soser G sooscisted with machmical
atress

® aloctrmegascic taterlevence’
® asise
& asathatics

SUUNSE: les Almos Scieatiltc Laberatery, 1978
Ascasgusat of Seles Bmegy
o1, s, ke,

Wind Energy Conversion System—Electrioc Utility Application

AESOURCES (82 N s A PROSOCTS:
(humbar of Duit Systews co Yisld 10 X (Por B Protuces)
Su/ye; W - 100) S
AIR NALTYARTS
B2 ‘Bte Produced)
wind ssargy
Sy aneTy fevirensat - data mt TR wuorey
avatlable e
!IS tons por A wmite) E"‘m
Low X vy
atoet et e gl
opper 0.133  G.om2 0.0 AT
ooncrecs ssas M3 a7 e )
fiberglase 19% oMz ouse .
8,3
[3: ] )
. weeligible -

cons
Bate st avatlebls

oo, .
Bata met avallsble -

. > Low Alsmss, Buw Waxics.
S T et e e B P e emaniets Wivisios,

Y

"\ — ™ /DT
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Solar Thermal Power Systems
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va- A emn e B . . - .- . o —— _i . e m—— . .
) 8olar Thermal Power Plant (Central Faoility)
DRECY SYSTRR: mwﬁ vaep: REIIDUALS AND FRODUCYS:
(por 101% m ‘o Tield (Per 1017 ey Produced)
- 0.64n

wellicy griq

SMIE @ provides powe:
® 100 mte plont
o net overall plami sfftciency 0.234
® 0.3 capacity fector
® 0.9 avetlabtiney
© 430 Lasgleys sversge daily solas
radlatlion
130 2 100w/ yeer waaray cutpet
3 x 10° oy, ft. total reflector

® 1.) magnilication face

® 22,50 heltostats, ) re
730" high

® 420 YA stoTage Iystem with Supers
heated otasm Transport

® 30 yoar plant life

DESCRIPTION
o Tha central recelver Is compcaad of
a 11e1d of tracking b ate
{mtrrors) vhich sre controlled to
tellece incoming diracs solar rays To
& comaon absorbet (recalver: alevated
above the flal¢ By a centzel towr.
The anargy, (n the form of heat, Is
trameferced (rom the sbeorber to &
working fluld, which Ia thrn 1s the
sdurce of bast' for & thermciynamic
:nl. producing electricity. A storage *
wn vetaine & portiom of the
collt:nd suargy to be used [ cloudy
pariode, at night, or to delay
production of saximus powee.

ver mate

S81

COPONERTS .
e Beitostats (mirrors) wnd crickiag comtrol
® tower veceiver and haat tramsport
o tharesl storage
o turbogenerator
cooliag Kower
land, Suildings, and encillary
equipnent

MAJOR BNV IRDMNENTAL FROALERS
¢ handling and dispossl of system fluids
and vastes (dotler blowdows) leading to
water contmminstion .
o hedloscat reflection (safecy)
® alceration of the micvoclinata
e quactiries of land wsed
ogtcal Impaces of halloster fielde

S@IRCES: U.S. Koergy Research and Deve loy—lﬁl Mllni it

The MITAEL Corporation, o _and
The NITRR Corporation, Annual znuron—n:!l Analysts Report, 137

[T
LY T

e,
tacidont solar vadiation

?a!l?._qn. tiald, buildings,
waste tredtment aress, cail
and road conmections

wATER Acre-Fr.
ronsumed by process
wakeup watar (boller) 1
hellostat waahing 1.4

MATEALALS

alusious

comcrete

copper

axotics (chrome/titaniun)
slass

tasulation

plastic

otlver 0- .
stoel n.ooo - 47,000

sodium hydroxide
hrdrocarbon oils
eutectic salts (sodlim or

potassium altvat: ierices)
cosTs Dollers (i976)
tonatruction :
collector 39,000, 000
raceiver 4,100,000
cover 9,100,000
storage 15,900,000
cooling tower 4,000,000
tusbogenerator . 700,000
manter control 5,300,000
pleat, structures 4,500,000
total 00

’ operation snd majntenance

raasomez) Sorkets/Year
coustruction (ower 1-) yra.) $70 ~ %0
operation and mstntenance
full-time w
parc-time 20

95, 500, 000
1,000,000 - 1,900,000

uring fire or system
Tupture

compasit ion)

'paron L4,
sodtus hydroxide aiets or dusts

wATER poLuTanss
no sorsal relessas
sccidental or ewsrgency saleass of system
fluids and west » well aa parfodic
eystem flushing may cause toxic releases,
dependent on [lutd compostition
hydrocarbon ofls
corvosion inhibitors
chromate, borate, anitrete, mirrits,
sulfate, sulphfte, arsenate,
bemzoate salts, triazole, eilicate,
phosphate compounds
eH controllers
baccaricte
chlorirated phenols
* fesnze pratecrants T
alycols
Ssaintenance Tulated ‘relesses
berbicides .
chamical dust suppressors
Rotler dlowdown

19 Acre-Fe.

woar

‘solar:

.
fire
reduction of net soler iaput to lend
localiszed changes fn thersal parasaters -
albedo, emergy balance, wolsture
balance, lov-leval vind flow
patterns, sir/eurfsce canpiratures,
snading of lané ).

tharmsl ralesses from cooler tower 1.3 x 1012 Btu
DePecy_pRosuCy prbes
electricicty 2.95 2 10

Solll' Thermal Pover Systema, 1977.
bwologies, Volume ¥V, 1877,

o T o OO
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. Ocean Thermal Energy Conversion ‘
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Ocean Therm

mu + I8 powat sonditioning less
013/wt ¢ IT poves conditioning lese
dnhu distesce end trasenission made

*
e
4
13

uiles 1 13
onmeal prodection : 8.4 = 107 -20.4 u 10" “Bew
plaat reination 1ile

bosed - the ship pletfern/colduster 'l”
Lochheed and Weatinghouse des!

concept of
titenlum shell sad tube heat axchangere and
40 Wie power sodules from PSD-1 studies.

® Asouand uitimate power system based on &
3900 Mie (9 pleat) covplenas.

& Pexformance 18 site-dependent.

o amilisry systems
® befouling ceutro}

* chinges ia ecommic proparties
= enviromeatal affects of ecses water-msss

of marine
Smyingwment /entraiamant of blota
=~ lscal climate altetstion
® chamical polletiom
= scolegical effects of blocide dischergee
- u-uual aftects of working fluid lesks
~ mariss food chais costamination frem
wtal corroaica
© acslogtcal inpects sssociated with the
operaticas of & weoned.platforn
~ artificisl rest
« lile-euppott system discharges
o intarascions)/1astitutions) aspocts of

lowe snd
« saceadary affects
« site palecifon
= emvircameatal/ecological impacts of OTEC
easstrection and operations
= wackar gafery

wsosacyt oo : - AN FRODNCTS:
) (Per 1014 Bru Preduced)

m.g t Systeme te Yiadd
o
k-ln. ue s
s

R el o

s SIRCULATED SENMTEY 13
-1 1 et LLen D of
celd 3.3 -L.6a 1080 ctiyr w—re Llenmy, o
YORKING FLUIDE
intetal Lavent HHM e ;'- ﬁ-ﬂn 1,700-2,000 tona
nebap id teas por gear ——nis mglisthle
o1l sed grease wegligihie
ETients
atatien’ 20 acres satale negligthle
ATERIALS 2 .
concrate 43,0505, 000 el < T
ateed 7,500~ 9,200
titentan 920~ 1,210
<copper 490- 403

1ond
vebbarised wylen “wo- 130

COSTS Deliars ;.nu)
camatructioe

(3 yoats)
opezetion sad
1%-20
techascal Wog avatlable

SOUBCES: 0. Abelsom, OTEC Pewer Syetam Yerf. 1, MITRR w"l—, Lo 1!1‘. ‘.-t. M.
Doty Associstes, ctiué E! E ﬁ 11 & Asl sppiicatjons Stedy Cost Estimates,
Doty Associstes Technical Icmt Tember 109, Nay 31, 1970.° -
Gameral Rlectric Corporatism, m..:gaﬁ_mm_rm
mlgl l[ Sriefing Docwmeat, March 19
.. . Mealay, OTIC Commercializatiom Amslysis, WITAS Covporatiom,
n m!. J‘lr,, l’”-
Leckhead Nissile and Space Compeny, luuhﬁm g.mu llucl 1. 1978,
I‘d.l-l Missils ané Space Compeny,

'
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Biomass Energy Systems







Wood-Pired Bteam EBleotric Plant

Yuejq a3ed BugpaoaJJ

£61

UMY SNERCT SYSTIM:

128 & 36 Wie or 1, 3 x 10" peasyr ar
0% avatladillty faceor

® converaton efficiency .3 3
. -ul fuel vequiremeut 2.3 x 10
iry ke equivalest

. ;l-: 1ifetine ol 30 yoors

[ %-lhd atemm electric plast

ueing & spresdar stoket futmace
te preduce 392,000 W hralyr.

® aafsaion control equiymeat
(1.0.y precipitator)
& tuzbine gecarator equipmest

« switchgasr
® pretective aquipmant
® slectric structure and
wire coatingeacy
# niscellssecus plant squipmest

TR0
® particolate residue
 stack emissicns

('n lDB g:-.h

akuced)
¢ of Dait Syetems to Yield
lll/ﬂ. e 0.748)

fm
woad
(apouning §300 Btu/l¥. or
328 Seu/yr) 1.47 2 30
(1 4y tom te equivalent
te 2 tens of wood {
solsture is faclnded)
storsge/plant site ".i
landfL1) for bofler Tesidue A8
TR Acre-Fr.
waLeT cormumption Ry
aosTS Dellars (1962
cometraction
(2vons end amd site
proparazion) (1,660,000)
water treatmest plsat 240,000
cesling towers 830,000
peneral constieccion 3,360,000
oysipmme 22,450,000
enginent 4,300,000
(comminsioning smd
contingeacy) (4,940,000)
tocal . 37.380,000
_opatatisn and meistemsnce 2,730,000
fael conr 3,175,000-7,937,000
casetruct lom ot Anlﬁnc
operacios and wnistenemce 2.4

cost of
StAssumes 903 ramoval officiency
SUURCES: The MITRR Corporatios,

mi_-_@w 1977,

ISIBOALS AND PRODUCTS:
(rex 1012 Ben Produced)
AIR POLLUTANYS Tous
yerticelsteats w3

S rtes =

(boiler ssh, clinkere

captezed [ly ash) .
ar '
atack Loss i B_i“d le
toaling tover Sot Awaileble
BNERCY YRODOCT -bry.
Erre e 15T

The MITRE Corporaticu, $ilvi, Monans Varua, Cowversion Processes end » Yolume ¥, 3977,

cC . o) L

3 Lod
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Pages 195 .- 206-have been deleted.







pages 196 thru 206 are blank

207.
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‘deothermal—Vapor Dominated S8ystem

602

o A10 Wre
L ® 158 somvecalon factor
0 132 capecity uw’
1,47 2 1982 40 por poor
a it 17 of Pucific Gos and Rioceris
Geyouns gunataling wyotin

dcive o turblne gemerster with

te Wtar esad for cael ing.
e shotament procalures ove sond
ot the gemarating plant; twvever,
the steam discribution systen
lacledes s contrifugal axisl
wparater. l\-nl-;u.k:.-

tar
with sage 13.

* production wile
® gatderiag oyscem

® stasm disteibution syscem
* turbiae-gamarater

. .

& hast Tajection system

& 3as ejector myatem

« slocrricsl syscem awé cwstrele
o wate priticatios

someni, ccEnes
hy‘m- waifide (B;5) o towts,
but cedtrel tech-

wd tiga duepacime
® confitets with axistling commmicy
Iltestyles

(l) Dat

o 67 010" arnte
't
ey 2.2 - 2.4 exme
vl totortad 209.6 - 290.0 acrws
oL
wmter wiges Laget !
wogsr wwper dlschurgud 1,840
te als
ne
ea'? 1ac
caencwcttos (19781 u I
povstion and anta-
tonnce (1976) 173,000
covt of stamp
ane o0 3,#07,000-3, 372,000
st (1976)
porenide oy
pltsl 401,000-490, 000
ayerstion and
watat enasico 124,000-434, 000
sdows ApILem
copital 710,000-1,560,000
opavat 1om wed |
-t esance 129,000-211,000
poetharmad (1004
conatruct lem’ -
gesthermel flald y
opoation and
s iatensace "
s,
Covetrect i, (man-geare) Yockary
” 57,43
wail-f1eld. [
total ’ [ Y
spaxation mad malatemsnce .
tesarating plast "
weil-t1e1d "
.

Tams soptosmnt Lifecrele tmises dividat by mems] mergy ostput, massured ta 10" aeu.
coets are for the plamt oaly,

.(3) Costs naj.ct‘ te schiave 93T 1.8 abatemenc at the hy—tl. To be
dasta!

ol o oll e
of nuvlluh‘.
(4) S1ca wpectfic for che Ceysers Ciald

(8} Values 1a puremthasss
Premuted ia Carstes, 1977.

s baglamiig with suit 14,

iacloda coet

Tald. Lewemes 0o ABSTEMAT BessuTES.
{3) %o treatment favelved, reinjacted thrownh wells,
Indicata actal entssious frem tha Geysern flold eseraticas as

SOUBFES: Pareonsl commnicstiom with ¥. J. hnn.ll- of Pacific Cas and Rleceric,
Cammec

te of Ic. Lram Maspeusd,
oonld DIPippo, Gaot

a Ltverwore Labe,

hermal Fower Ph‘u of the Unttad Sn(u-‘ Technical

Survey of Estat log :“;EP:M:E:!M_M_‘-—I:—“ Daiversity, 1978,
Tue NETRE %nﬂutb‘. Arceental Resserch Reats fof Ceotbetmel ce
bveloment, Woluse 1, 1G1-0A19, D. Carstes, 1997. el fesutose
1

u.g. romemtal Protection Agsecy,
Bovireomest: Geotbermal Gwergy,

W&mﬁ
[.] $-17-010, Wy 1977,

AN FROPUCTS:
“ Bem N‘d)

Yok

total soltde frow
wvaporat Loa

otpemice st volarite
vilds :

RApIaTION “

122

=
waate b
(Ihchln-l to ate)

‘IX ll‘
-d l:ullu {60 days/vall)
otr driltiag (30 hul’dl)
well :u-nt-.. open wal!
(3-8 days)
well testing: open well
(14 daya)
rock watfler
wall Mlaading (veriabla}
wail blowouts (fafrequeat)
construccion of pleat

plant opsration (20-10 yesrs)

muffled stase line vemt
{tateruttcent)

Sat gaw ajector (contimous)

stesm line separator
font:

stesu line bresks (brief,
fafrequent)

cooling tower (costinucus)

turbine gracator butlding
{cont touous) .

ooy,
elactricicy

18}
25036, 13, 160)
16~ 1,800 640)
13- 1,300 ha)
3. 1.300 764)
-, 821674)
" 1.7)
1y mr’,
120 .
by X
sadlo (l hlﬂ
nin
62-104
M
81-240
[
«0.04
<2
M
L3
[ .2)
44-09 (10.0)
- 102.7)
= €120.0)
" €320 scres-feat)

548101
Decibal,

0 st foot
85120 & 25 tost

118 at 50 fesc
% ar 30 fest

6506 at 3 fomt
110 ax 50 feet

70-90 ar 350 foat

90 st 100 faer
84-117 at 5-10 feat
80 ot 25 foat

100 ag 30 feat
$0-90 ar $-~10 feet

70 outetde

29 x 10" m







|Geothermal-Plash Injeotion 8ystem

Y oYeTIN; o,
(29 Stu Tvehwcnt)
-
SR D) o 30 Me (ask) pewne owtpus o
© 9.1 5 0% B/kr brine flov rate Sootherm] “u. .y, ’
uuu) to plast ae IN°P/1L3 peta 113 petal 2950 5 10" teme
L
« ¢ veinjection wails .
® 0.0 5 336 10/ brtne/condiag @
wotar flawrate rainjected &t wells and Lolands (1] 3.37 acres
IW°V/313 pets ploat stze G 8.9 were
v o 18 scren plant olte
- ® 38 pears plant Life
- lacear &
® e Lt Stu smens) poves sutput i £ NN -
o o 81128 vl cesversias efficlency
-fox 373°F Wina(2) arn
(174 om e, fabiary (1976)
Q— T b :m‘m 3,352,000
rwcface o of
I @ Govchamuml brime to drave thromgs 1o 2,136,000
- o 1,070,000
o Che power planc. Scomm fo (o 13,558,000
m from ihe brise by slmt cometreciion
tokucing the brise presents delav tub o 3,986,000-,064,000
Wapont presewra. This pracess, other O o
b o | kv o flashing, 1o performed #ipiag saéd tnstrumeatation 4,112,000
m twica. The amcoss brise $» alectrical I.:.z
L 301,
(1 7= walls. The mmecosdsassble gou emginearing services 2,426,000-2, 041,000
Dostise of the stem fo trested hpocal 23,318,000-26, 851,000
<0 with in B8 screbbisg process emd Toealld 36,876,000-48, 409,000
4s relasesd te the stwoephere wall f1ald eperation smd )
{oottamted 5,3 ransval of $93). . aalatensmcs 1,320,000
U’ Cowlemsate otous Lo wped for plant speracion amd :
a—— toeling with sncess h 00037,
o ~ mpleyed for castismmve diow- Toead ,000-1,857,000
- doun and salajected with
- Lol ches rime.
x iuu comstruction
o) f1alé operstion -
[ walls and falends plamt comatrwctios -
@ relajection vells ed lalents ?laat operatice ™Y
o dacrecion sye
* otasn aymtam
o briss syetan
® ossliag speten
L]

WO allweencs far Cestingwcy 1s ast facinbed fa costs.

(a) Sans valuw fepcusemt Life-cycle valses divided by svamsl saergy wutput, weasered i 102 Bew.
©) Capital conts Cuclede lnatalletion, petacemal, oct. *

€c) Withewt ouitwr rwmwvel systen

(4) Saipjectise
(e) Cemstrwcties Teleted, resalt of alteced ceell [

SWNEYS: (1) Mucheal Corporation, Mdvemc

cts == s -y
Atweophers and Guapbyeical Sctancos

Lo {uvat

fTactr
1, ad., Pragrem Dapest ~ FY
A

© e Ry Pymincal)

samenta

athane
eathan diowide
arsesaic

i

Ty
Mydroge
nitreges, axgea
WELET vegar

e you ey %)
carbonatss

S
~uiter

wall eperatiss
Plmt eperstion
lactrictey 20Tt

viatas

(3 B, 3. 8., sed B C, 1977,
31 . Lowremce Labs, 1977,
W t108 Agency, Banterp Mesryy Resswregs gnd Thy Nyefcoquegt:  Costharmy] Jperygy, 1977.
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IRV STOTEM -w . PEBYCTS)
' Gar 1512 Ben Prodused) o Ba Predeced)
N e mﬁm.
e 'umu.v-.—.nun) Em.-na—- l.‘!?b" - Telesses
Y N~ LI A 2 e
» 0ol
o Water qeality ead quamtity ey be alterad
.=I==:‘"“~:ln.n) 1 v ead dnm sirem with petestial
[ 0a 3. 349 u 1031 Bty per year [T Teen 1a disselved goses, tempessture, and water
@ 82,42 of¢teioncy awmtrets “, . lussla
frimelondg yeened e -
. .
asgml
%m—l Myérealectrie pleate ore Slustumn § coutings b4 el Telessss

semmad to b Tun-of-civer plamts: o
dom 1o ploced screse & river, pemeret
Sase osat:

H
%

7
|
%
{
i

by this x: "‘:":“h:' ey Pelisce (AID)
acteriot
Sassourt flacty- Somtrection (1) 11,490,000
o 1976 the e 4,140,000
develeped conventions] capacity of bypdre- iy phansy 11,530,900
alectric pover wne 57,000 Mda. Ik Ls plant :
pejacted to tacTeass sems 40 percent te Land & Land Tights 43,254,000}
79,300 M5e by 1993, sther cosstruction ¥,9%0,000
ey 31,900,000
oporatiss § unintemamce
q pebbosanll 110,000
sptlluags netarisls 2,
atabon . Sesipnmt o000
oo et 10,00 .
bpdraulic structures . ‘
~n terbioes oo (8.73 yoars) g
B 5 eluccrical asquipnent openssisa . .02

IEVIRGREWTAL CONCRRWS
® fmeadetion of existing habStats crested

by iagoundseate of water

® formation of & deap posl of water crestisg
shysical, cheatcal, aad bislogical cisages
€o thé euvirvmmsat

- vyt
sone cansed by the fluctuations of the
Teservoir's water lyvel

®.altarations ‘of dowmstresm habitets
® mod{fication of animsl movesent patterse

‘o tmpoaitise of séditicssl sowrces of atrese

oad mortality to fish aad wildlife

® coafliictn of land and wnter uee

o dan safety aad poteatial effecks of dam
fatlure

0 ia values reprasent Life-cycle values divided by onwuel emergy eutput, weasured ia 1002 peu.

. 1978,
SOGRCES: Becktal Meticasal Imcorporated,

__J
3
]
.
L
‘)
2]

[

[







yuejq ased Suipadaid

12

8mall Hydroelectric Plant

AT STSTEN:
120 & & Woe plant

AIOMCTE USED: . -sn-n.g AN PRODOCTS:
er 1017 3w Produced) Crer 1017 BtuProduced)

® .35 capacity factor for uws plants ro-Peat WATG papuTion
and .37 for retrofits, 510 Tatet quality and quantity mey be altersd
1ilozine 30 ysars ¥ wp sk bove strems with potential changss
9T offictency . e s diggolved gases, temperature, and vater
® nroduces .04 3 10°° Stu/yesy n levals.
DESCRIPTION fege Eirsarraal o
ectricity 29351
T e Small bydroelactric plasts Neve less Ches, “
or equal to 15 Mée of capacity, fed by 11, 977}
dams with heights oo move thaa ¢5 fest, Tustatied Pover foscailed
and tapounding less then 300 acres. It at Rxieting Bydeo—powar:
ls estimated that by the yesr 2000, 7330 Boa-hydro Dass ar Nov Dems
Wie of lov hasd hydro could be im exlet- cwatcection(z)
wace, contributed by thres major types of 100 13,350,000 11,300,000
sources: 15X from presently existing strectures 19,370,000 20,706,000
plants; 60X from inetalled powsr at eafst-  dus & wpilleey 21,360,000 20, 360,000
ing nonhydeo deme, and 25T from lastslled aqulpmant 38,100,000 41,420,000
hydro pover and aew dems. ronds, rallueys,
idges, etc. 270,000 1,800,000
CMEoUENTS lamé & land Tights (2,140,000 (22,590,000}
* dan tmeal 92,640,000 106, 440,000
# peastock . operution amd
© hydraulic’ turbied’ iatensace
generator N (1912 dollare) 1,430,000 1,330,000
transformer
® aother sfscellaneous stiuctur squipment  PEXSENFL Workazs
wm comatruct fon ferd .
RAVINOONENTAL COMCENRS operatica aad Saiatenaace u
effects on squatic sad semisquatic . : .
om
leaves of impounded chemicels .
conflicte of land and water
.safety and potestisl effects of dem
fatlure, R
(1) As compared to other sources of slactricity, the environssmtal effacts of low head bydro are misor.
(2) Costs 4ve tocal costs for plant constructiow, 4ivide! by wmual 'esergy outpor, seasured tn trillice Stus.
DOUNCES: TR etton, M&M’-&?’—-—’—’?—- 170,
e T o e oy fagimsore, [destiffcatica of Selmctod fani-Scale Qame Suitshic for Bpirpelestzie Poves 178
u.s. ment of Raergy, Raviroemeutsl fasdiness bocemems - Seall Scale Lov Raed Bydvo , Is Fress.

Depar!
Jalen, F.C.; Cost and Optimizatios Segisescing, Worew-RiL, Bev York, 1970







yue|q ased Buipadalyd '

£12.
(211

WRACT STITIN:

SIIE o 1000 Mis pumpad storaqe plant (cenpased

at tove 150 I puspe snd dctvers)

® tw asrt-f1lled
® prodnces 3.89 2 1
o PR otftetency

Be per yoar

o Pumpad sovags plants con be thought of
as Largs befteries Which stera amargy
(1a the torm of mtar) during low damand

wandlly foom hase laed fazilities, la
wsed to make the ceveruible wmits act
o8 Beters, puapiag tle wetsr to the

wpper resarioic. Thess waite thea ‘be-

cone terbiss gemarators for powar pro-~
duction vhan the wter Ui relessad during
poxiods 5f Migh demand. ‘In 1976, The

dovaloped pumged storsge capacity i
the U.5. was 3,700 Wie., It 1a projected
o lacresss sowe 135 percent to 37,300
e by 1993,

tptrmlic strectures
reversible pamg Tmrbines
electrical oguiment

-n-n'm.____u-z-

« tavadetion of -uu-. I-Nnu created
by tgowadnsste of wates

» forustion of & deep posl of weter
czesting physical, chunical, mmd biolo~
glcal chwages to the suviromment

® creation of & bielogically Smpoverished
sene caused ¥y the fluctwations of the
casmrvolr’s wmter level

® alteratious of downstreme habitste

o modification of sains] movensor patteras

» lagosition of additicasl sowtcws of
strees snd -m.lu, to Cieh asd wilditfe

® conflicts of land snd water use

© dmm safety sald potemtisl effects of dam.
falluce

(2) Selected materials mad equipnent

‘Pumped Storage System

URRD: L1 M
m Bte Preducad) (par L n- nuu.-)
Stms AIR POLLITTAFTS
-’5-.-- ham oad elecericicy 1.0 = 1012 ‘e sormal relesse

retd

MATER POLLUTANTS .
attes eccupled Water quality and quastity msy be
o altered up saé down stramm vith
potemiial chaages in disselved ganes,
conctete tamperstuse, and vater levela.

total stesl & castiage
copper, brass & bevaze ERAT .
alwmlmm & castings 20 morusl selesse
nenganese

cheonton

nichal

cast’ iron

ENERCY PRODUCT Ewh
“alectricity 2.97 % 100

constructiont®
e poves
materiale

oqetpaont

plaot
laod & Land righte
other comatruct foa
total

opetation & maintemsace

wanpoves
nateriale
oquiment
total

ryesowml
chastruction (6.3 yeare)
operation & meiatenance

(1) Plus teplacemmt of water 10st by aveporstion and secpage. '
1 .
(3) Date valnse represens Life-cycle valoes divided by momoe) emergy outpor, weesersd ia 10'7 Brx.
SOURCES: Bechtal Batioaal Incorporated, a_Raquir Iupaces, amd Potemtisl Constrainte Associsted with Vaciows Swergy Yutures, 1978,

The WITKE nrmmu- Yeatures of Msuk n:um- ad Their Impect om Vieh and Wildlife Rssmorces, 1977,
0.8, Fedarst Power of the Uaited States, 1976,

[



et
[ ———

APPENDIX A

Coal - Fired

Power Plant
(Eastern Coal)

Environmental Characterization Information Report

o

William 6, Wilson: Technical Project Officer
U.S. Department of Energy

Assistant Secretary for Environment
Office of Environmental Assessments

A-1



.

-

N



S R

) ':'_-——]} . P

o

FOREWORD

This Environmental Characterization Information Report (ECIR) is a synthesis
of environmental data and information relevant to a coal-fired power plant
that burns eastern coal. It is prototypical of a set of ECIRs that will be
developed for a range of fossil, solar, geothermal, nuclear, and conservation
energy systems. The ECIRs are designed to have several related purposes:
to communicate -to all potential users environmental data and information
characteristic of an energy system; to present an organized data and
information base for application in manual and computer-based analytical
systems; and to provide the medium for facilitating development,
maintenance, and critical review of the data and information base. The set
of ECIRs is designed to replace the general technical backup volumes

formerly supplied with "Environmental Data Energy Technology
Characterizations," Summary, January 1980. '

Responsibility for the contents and development of an ECIR is assigned to
individual technology specialists in the Technology Assessments Division. In
this endeavor, we expect to draw upon the technical support and assistance
of qualified experts familiar with the energy systems. Technical comments
regarding this ECIR should be directed to Mr. William G. Wilson, (301)

353-4414, Suggestions or recommendations for improving the ECIR concept
should be addressed to me.

ZDM %Mg

Dario R. Monti

Director, Technology Assessments
Division

Office of Technology Impacts

| Pfeceding'.-pagé blank A"
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I. SUMMARY

This Environmental Characterization Information” Report (ECIR) for
Coal-Fired " Power Plants (Eastern Coal) has been prepared from the latest
avaijlable environmental and technical information collected from a number of
sources. The typical plant chosen for characterization is a 500-MWe
nameplate rating pulverized-coal plant with an electrostatic precipitator, wet
scrubber, and a wet-mechanical-draft cooling tower.

it is a mine-mouth
facility, with its own coal preparation plant.

The process, plant operating parameters, resources needed, and the
environmental residuals and products associated with the power plant are
presented in this secton in the summary table (Table 1). Annual resource
usage and pollutant discharges are. shown in English and metric units,
assuming an annual plant capacity factor of 80 percent. While this capacity
factor is representative of the reliability of generating units of this size, it
does not -consider unscheduled shutdowns for repairs of the plant and

associated environmental control equipment or factors independent of the
plant itself, e.g., reserve requirements.

In addﬁlon to annual quantities, the summary table gives quantities in terms
of 10

Btu of electric energy produced. These figures are provided to
allow comparison between different energy processes and to facuntate
application of the information in computer models.

The supporting information and calculation procedures for the data are given
in Section II. Twenty-three environmental points of interest aré discussed -
individually, giving a brief description of the pollutants or resources
involved, standards to be met, example calculations showing  the derivation
of quantities, scaling laws and extrapolation methods to adjust to other
conditions, and a bibliography of cited references. Specific environmental
regulations are discussed in the individual sections. The calculations of
allowable emission levels are based on current Federal regulations applicable

to new plants, For information oh similar sized plants operating under
previous Federal regulations, see Appendix A. For information on impending
regulations, see Reference |, : v ’

Section Il discusses the overall physical requirements of the plant for fand .
and water. A glossary of terms, cost information, and a trace element
analysis are included as appendixes to this report. Data pertaxmng to

additional subjects such as construction resources will be covered m a later
version of this ECIR.

Reference

1. U.S.. Department of Energy, Office of Technology Impacts, Office of

Environment, "Environmental Issues Briefing Book for Policy Analysis

Division," original issue April 1979 compiled by the Mitre
Corporation).



TABLE 1. SUMMARY BHEET

COAL-FIRED POWER PLANT
(EASTERN BITUMINOUS COAL)

ENERGY SYSTEM DESCRIPTION PLANT OPERATING
PARAMETERS
Mine-Mouth W Steam Ebc!ri‘c: Pon;;
Plant Using Typicsl Esstern Bituminous Coal; " Power Output id: M
; Bectroetstic Precipitstor for Par: led:: ;G.':o. ms (cv::umod)
ticulate Control; Waet: Lime/Limestone Scrubber for Onnﬂ Pant Efﬁcmcv 9
§0, Control; On-Site Solid Waste Disposai; snd On- Annusi Energy P 12 x 10" B
Site Watsr Trestment for Reciccutstion to Minimize (3.5 x 108 MW-hrs)
;unm. .New Plant Subject to Current Rnuh Piant Lifetime: yn
PROCESS FLOW
Koy .

o Notourse

-

Al Soviosinns

== Uauid Weswe

D Sef¢ Wesees

NOTE Code Mumbers ars same o ‘Almmumm-'Jnmp @
RESOURCES USED
: Quantities Used
Annuai Usage* Per 10'2 Bty
Code . . Energy
No. Resource English Units Metric Unity P Remarks
(O] w«m Eastem bituminous | 1.96x10%w0ns 1.77x108tonne 0.16x 108tons High-sulfur
- coat
. . .3%
- (@®  Cositesd:to boiier 143x-106t0ns 1.3x10%1onne - 0.12x 10%tons B3% Si
@  Cosl preparstion mekeup water - 19:45x 10%gal 57-170x 10% 1.25-3.75x105gal  Quaktynot
©. O Power pient makeup water 2.2%10%ga1 832100 0.18.x 109 gat
®.0 ErL 9 P 3.2x.107gat 12x 1071 0.27x107 gat
] Rew Materias for Processing
@ Umesione to scrubber 146x10%wns  132x 10310nne 12.2x 10%10ns
hand
@ Land for cosl preperstion solid 16 acres 6.5ns 1.3acres Sutticient
WEsH 0rage (ses Sn:mn L L wnnested
. fors
Wyr e -
@ L.ldfovmphmm 12.3acres Sha 1.03 acres ”
anvironmental solid ste .
dispocai (see Sacuon (L))
Pecsornel
Power Plant m person-yr 11.3 person-yr
Preperation Plent 20 person-yr 1.7 person-yr
Raw Materiets for G N
Foclity Costs ToBeAdded
m 'Iﬂgummns capscny facior
A-2



' TABLE 1. (Continued) -

COAL-FIRED POWER PLANT
(EASTERN BITUMINOUS COAL)

ENVIRONMENTAL RESIDUALS & PRODUCTS

. M_ tities Relossed )
Anrvsal Lovels® Per 10'2 Bty Regulatory
Code Energy Compliance
Arfotvany
®.@®  Fugitive dust from cosl preparation Not quantifisbie
and storage
@  Post-Control Flue Ges Constituents : ’
Suifur Dioxide {SO,) ' 10.2 x-10% tons 9.3x 109t 850 tons 0.6 1b/108 Bty
Oxides of Nitrogen (NO ) 10.2'x 109 tons 93x1031e 850 1ons 0.8 16/108 8w
Tots! Suspended Particulates (TSP) 800 tons . 4551e - 42 tons 0.03 1b/10% B
Nonmethane Hydrocarbons (HC) 220 tons . 200 te * 18 tons Not estabdlished
Carbon Monoxide (COY 720 tons 855 te €0 tons
Carbon Dioxide icoy 3.7 x10%10ns 34210010 0.3 x 108 10ns
Arsenic (As) ’ 251 102 kg 18.81b
‘Baryllium (Be} 931 . 4.2 kg 08
‘Cadmium (Cd) 41 19 kg - 04ib
Manganese (Mn) 181.% 74 kg 134
Leed (PD} . 114 52 kg 9Sib
Selenium (Se} . 56 b 25 kg 471>
Water Pollutants
@ Alrhorne water from cooling tower 22 10% gt 7.6 2 10%) 0.97 x 107 gol
drift end sveporstion
®  Suriace run-oft from cosl prepors Not quantihisble
tion solid waste storsge
@ Excess water runoff from treatment/
recychng holding ponds
Totsl Bmpondod Sokds ITSS) 30 mg 1 30 mg/t°e*
Ol and Gresses 15.2mg | None
Copper 0.008 mg | 1 mg/tese
fron 0.009 mg | 1 mg/1**°
Chviorine -301tmgt None
@  Sokd from coal prep » 065254 10%tons .48 x 108 te 0.04 x 106 1ons
(1o storsge) : : .
Sottom ash from boiler (dryi 25 x 109 tons 28100 te 2.1 x 103 tons
Coliected ftyash (dry) from 100 x 109 tons 9N x10°1e 8.3 x 107 tons
precipitator . ’
@  Umestone scrubber siudge idryi 183 5 107 tors 175 2 103 te 16 x 103 tons
@®  Towihestiossss o ar U210 8w W0 1EMWN 28x 1017 Bty
& [ ”e inve and sacvon.
*54000 on the amnat S0% capecny tacior
tor & 30 day average for 3 typecal uum
S Reuchy wner guahly Standercs
OCCUPATIONAL SAFETY AND HEALTH
Preperstion Plent Power Plant )
Anrusst Por 10281 Annws! Por 108t
Desthe 0.0033-0.0053 0.0003-0.0004 0-0.11 0-0.0085
Injuries 193.1 0.160.26 1923 0.16-0.19
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1l. PROCESS DESCRIPTION AND
ENVIRONMENTAL POINTS OF INTEREST

To idéntify current trends in coal-fired power plant design, the features of
43 modern plants were examined.! On the basis of the observed trends, and
through discussions with power engineers,

characterization. -This composite plant is a 500-MWe pulverized-coal plant
with an electrostatic  precipitator to .control particulate emissions; a wet
lime/limestone scrubber for flue gas desulfurization; and a wet, mechanical

draft cooling tower. The plant was assumed to be a mine-mouth facility
with its own coal preparation plant.

The net station heat rate of 9760 Btu/kWh, which corresponds to an overall
efficiency of 35 percent, was taken from an actual 500-MWe plant with
similar controls and design features.? The coal used in the analysis is an

eastern bituminous coal with a heat value of 12, OOO Rtu/lb 3.3 percent
sulfur, and 8.8 percent ash.3 :

The use of an eastern high-sulfur coal for electrical generation is shown in
Figure I. Twenty-three environmental points of -interest have been identified
in Figure | and are discussed in the following sections. Items@through@

deal with coal preparation, (6)and () deal thh onsx coal storage, (§) through
deal with the generating plant itself, - through deal with
pollution controls. . '

Cost information for the ‘plant is given in Appendix B.

- L.

References
3.3. O'Connor, ed., Power, 1978 Plant Design Issue, Vol. 122 No. 11,
November 1978.

2 Final Environmental Impact Statement, Spurlock Station, Unit No. 2
and  Associated Transmission, USDA-REA-EIS-76-4F, Chapter I,

. November 1976,

G.K. Nielsen, ed., 1978 Keystone Coal Industry Coal Manual, Kentucky
#11 Coal, McGraw-Hill, New York, New York, 1978.

a typical plant was chosen for
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FIGURE 1.

PROCESS FLOW CHART WITH
ENVIRONMENTAL POINTS OF INTEREST
COAL-FIRED POWER PLANT —
EASTERN BITUMINOUS COAL —
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(D Run-of-Mine Coa'l: to Coal Preparation

The amount of run-of-mine (ROM) coal to the coal preparation plant is
1.96 x 106 tons/yr.

The ROM coal is assumed to be extracted from an underground eastern mine
(d&rift mine operating in thin seam (<40 inches thick) bituminous coal).l,2
The mined material is assumed to contain rock, slate, and other refuse
normally associated with underground mining. The material has moisture,
some of which occurs naturally, and some of which is added by in-mine
sprays for dust control. The material is carried to the surface preparation
plant by conveyor and to the out-of-mine sections, which are enclosed. No
Federal regulations apply to the characteristics of the mined material,

To determine the quantity of ROM coal entering the preparation plant, the
heat rate, the proposed operating power level of the power plant, and the
operating characteristics of the coal preparation plant must be known. The
typical power plant design used 'in this ECIR has a heat rate of 9760
Btu/kWh, and the generating plant operating level is 500 MWe. The coal
preparation plant can operate effectively between 20 percent and 30 percent
rejection rates.4 It is assumed that the rejection rate for this coal in this

preparation plant has been found empirically to be 27 percent. This typical
operating point was established throu§h review of similar circuit  operation
and accumulated operating experience.

‘The calculations are as follows:

Required heat input = (Station power output){net station heat rate)(hr/day)

= (5.0 x. 105 kWh/hr) (9760 Btu/kWh)(24 hr/day)
= 117 x 109 Btu/day

Using the coal cleaning plant operating point of 27 percent rejection, the
cleaned coal will have an energy content of 12,000 Btu/lb, Therefore,

ROM coal into thé preparation plant =

(heat input)
{coal heat content}ll - reJection rate)

- ~ (117 x 109 Btu/da
X tu,

= 6.7 x 103 tons/day

Preceding pagé blank



On a yearly basis,

ROM coal into the preparation plant =

(6.7 x 103 tons/day)(0. 8 capacity factor){365 days/yr)
= 1,96 x 106 tons/yr )

The amount of ROM coal input for any preparation plant and power plant

combination can be calculated for any coal by applying the plant's known

heat rate, the typical preparation plant re;ecnon rate, and cleaned coal Btu
content to the above formulas.

R
1.
2
3.

eferences _
G.K. Nielsen, ed., 1978 Keystone Coal Industry Coal Manual, Kentucky
#11 Coal, McGraw-Hill, New York, New York, 1978, p. 505 and pp.
920-921. : '
S.M. Cassidy, "Elements of Practical Coal Mining," Society of Mining
- Engineers, New York, New York, 1973, pp. 346-356.
P.J. Phillips and P.P. DeRienzo, "Assessing the Economics of Steam,"

Coal Preparanon, Coal Mining and Processing, September 1977, P- 75.
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which equals 40 x 10

(@ Makeup Water to C’b-al_ Preparation

The required makeup water for the coal preparation plant ranges from
15 x 106 gal/yr to 45 x 106 gal/yr.

The coal preparation plant assumed in this system design consists of
crushing, washmg, and slzmg/screemng operations, all of which are
conducted in the presence of moisture (wet circuit). The system is designed
to dewater the coal prior to delivery using screen and hydrocyclone
separators and to recirculate the water in the system through a thickener to
remove suspended solids. Some water will leave the plant as surface
moisture on the clean coal and the rejected refuse material and must be
made up by moisture arriving on the surface of the input ROM coal or from
a makeup water source. The quality of this makeup water is not critical,

and it may come from any of a number of sources such as wells, streams,
.or mine dewatering.

Because the surface moisture on the input coal is not highly controlled, the

makeup requirement will be variable. In general, however, some makeup
water will be required.

While the makeup water requirement will vary with the preparation plant

capacity, it is not necessarily directly scalable and will depend on empirical

experience with a particular preparation_circuit and ROM coal.2 However,

this value will not é enerally exceed 20 gal/ton of ROM coal processed,
gal/yr at an 80-percent capacity factor.

References

L. S.M. Cassidy, "Elements of Practical Coal Mining," Society of Mining
Engineers, New York, New York, 1973, p. 435.

2. Flgsonal Communication, Mr. William Ostarello, Roberts and Schaefer
Co. Engineers and Contractors, Chicago, lllinois, (312)-236-7292.
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(3 Fugitive Dust From Coal Preparation

Fugitive or stack particulate emissions from the coal preparation plant
are negligible because no thermal drying or onsite open coal storage is
employed.

Because the entire preparation facility is enclosed and the preparation circuit
is operated in a wet mode, there 'is little opportunity for fugitive dust
emissions from the plant.l Typical enclosed silo type coal storage would add
little to these emissions if used. Exposed pile storage (seldom used in the
east) could be the source of windblown dust if no dust control measures such
as' compacting, water sprays, or suwrface coatings are used.

If thermal drymg of coal were used in this plant design, either to facmtate
dry processing or for shipment preparation, dust emissions to the
environment would occur. - The uncontrolled emissions from three popular
coal drying systems range from 15 to 25 pounds of dust per ton of coal
processed. The emissions to the atmosphere could be reduced to less than
075 pound per ton using cyclones followed by wet scrubbing. _

The low-level fugitive dust emission charactensncs of total wet circuit
processing plants are generally applicable to all plant sizes. The emissions

factolrs for thermal cl’yxng are directly applicable to any size of processmg
unit,

Reference

1. -'.S. Environmental Protection vAgency-, Compilation of Air Pollutant

Emission Factors, Third Edition, including supplements 1-7, PB
_275 =525, August 1977, pp. 346-347. ‘
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= On a.yearly basis,

@ Solid Waste From Coal Preparation

The solid wastes dischérged by the coal preparation plant amount to
0.525 x 106 tons/yr. _ '

Solid waste discharged from the preparation .plant consists of approxi{nately
‘93 percent rock, slate, and shale; 2. percent coal fines rejected in the
cleaning process; and 5 percent pyritic material.l+2 The exact composition
of this material will vary widely from coal to coal and as sitc_e 'rmnin§
-conditions change, but the coal content will be kept to- a minimum,
Analyzed samples of contemporary coal preparation plant waste piles show
concentrations of pyritic material ranging from 7.7 percent for fines (the
size fraction in which pyrites would "be expected to concentrate) to 3.1
percent in course. rewash refuse.? S :

The calculation is as follqws: -

- toal pr;e'plrati:on waste = (Rejection rate)(ROM coal feed rate)

. For the typical plant, -

" Coal preparation waste = (0.27)(6.7 x 103 tons/day) i
" .= 1800-tons/day

. Coal preparation waste = (180_()'fons}dnﬁ)(-0.8 capacity 'factor)(ass-days/yr) :
S = 0.525 x 106 tons/yr

This material is transported with associated moisture (10 to 15 percent) to
nearby surface landfill where it will be_compacted and rehabilitated through
revegetation and stabilization techniques.3 Such sites must be designated and
permitted by state/local ‘authorities. . Section I discusses land requirements

for solid waste disposal. - Water control must be installed for both surface =
- and subsurface drainage of the area. :

ion plant -

The production of solid waste for ‘a given coal and a given preparat
As more rock or slate

is linearly scaleable for changes in plant coal use.

- enters In the ROM coal, as in coal from thinner seams, the rock refuse -

fraction can be expected to rise accordingly, but the coal fines fraction and

the pyritic material fraction can be expected to remain constant, based on
the clean coal plant output. - :
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Surface Runoff From Coal Preparatlon Waste
Storage

Surface runoff for coal processing disposal sites is, in general, not quan-
tifiable because it depends on rainfall and subsurface water quantities
that may come in contact with the waste material.’

Runoff from ooal cleaning refuse waste piles will originate from two

. sources: rainfall on the surface of the fill and subsurface water including

moisture on the surface of the material. The requirement to cover with
“topsoll” and revegetate and control drainage on the surface of the disposal
area will, in general, isolate the rainfall and surface water from the waste
matenal.I 2 Subsurface water can more readily come in contact with the
waste material and this contact can result in the dissolving of solids
(forming, for example, sulfates), the acidification of the liquids; or the
deposition of suspended solids in the liquid. It is possible that a properly
designed and operated drainage system will result in acceptable water quality
for discharge to surface waters.. - If this quality cannot be achieved,
treatment of the drainage from the area may be necessar; to meet local
regulations for dissolved solids, suspended solids, and acidity.

For this processing plant, the dry landfill method of disposal has been
chosen. As the surface area of the fill increases, there will be a general

increase in the opportunity for ingress of surface (rain) water and for
intrusions of subsurface water. Neither of these sources can be accurately
quantified. o

References

f.  U.S. Environmental Protection Agency, "Environmental Assessment of

Coal Cleaning Processes: Technology Overview," EPA-600/7-79-O73¢,
September 1979, p. 48.
Federal Register, "Surface Coal Mining and Reclamatxon Operations,

Permanent Regulatory Program," Vol. 44, No. 50, March 13, 1979,
pp. 15434-15436 and 15424-15430.

3. Personal Communication, Harry Chappel,
Protection Agency, April 3, 1930.

2,

Hllinois . Environmental
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Fugitive Dust From Onsite Coal Storage

It is not possible to accurately quantify the fugitive dust emissions from
the coal storage area. Wind erosion resulting in airborne dust should

not be a significant air pollution source for active piles if dust control
measures are maintained.

Coal fines are an inevitablels2 result of coal preparation and- handling
operations. Dust emissions from the storage areas, especially active
storage, can be effectively controlled through the use of water sprays and
surface compaction. In addition, oil, - asphalt, or latex coatings can be
applied to long-term storage piles to contro]l dust emissions. It should also
be noted that the surface of a properly compacted long-term storage pile
will quickly lose the fines, which can. become airborne, and the dust
emissions will drop to a very low level unless the pile is physically disturbed.

The dust emissions from- an .open. coal storage pile are not, in general,
quantifiable. - They are, however, proportional to the exposed surface of the
coal pile and generally will increase with. increases in surface wind velocity.2

References

l.

2,

T.H. Pigford et al.,, "Fuel Cycles for Electrical Power Generation,"
EEED-101 Teknekron, Inc., Berkeley, California, January 1973.
U.S. Environmental Protection Agency, "Survey of Fugitive Dust From
Coal Mines," EPA-908/1-78-003, February 1978, pp. 2 and 36.
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(@ Controlled Runoff From Onsite Coal Storage

It is not possible to accurately quantify the liquid runoff from the coal
Storage areas because the source of this liquid is primarily rainfall and,
to a /esser extent, the water sprays that may be used to control dust.'

Subsurface water is excluded from the -area by a liner, usually clay or an
impermeable membrane., Water that falls on the surface of the coal pile

will either be lost to the air through evaporation or be drained to a

peripheral drainage d'lanne! where it can be routed to the power plant water
treatment system,

" This water may contain suspended solids and dissolved
solids; be slightly acidic; and contain- oil, if oil sprays are used in dust
control. The receiving water treatment system is designed fo handle such
pollutants through settling, neutralization, oil removal,

and blending to
achieve acceptable water quality for e:ther _recycling uses in the system or
discharge to surface water.

The quantity of runoff is generally proportional to the surface area of the
coal storage pile and the relative quantity of precipitation at the site.

Reference

U.S. Environmental Protection Agency, “Environmental Assessments of
Coal Cleaning Processes:

Technology Overview," EPA-600/7 79-07 3e,
September 1979, pp. 44 and 45.
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| Coal Feed to Generating Plant

The amount of prepared coal réquired for the typical plant assumed in
this ECIR is 1.43 x 106 tons/yr.

To determine how much coal is required to run any given power plant, the
following informati_on is needed:

e  Net power delivered to the transmission grid (P) in MWe
e  Net station heat rate (Q) in Btu/kWh
e  Heat content of coal, as fired (Q) in Btu/lb

The power delivered to the grid is known for a.given plant (i.e., the
nominal rating of 500 MWe, 1000 MWe, etc.) , ‘

The net station heat rate (Q), which varies from plant to plant, is a '

measure of the amount of heat (Btu) that must be fed into the boiler to get
1 kWh of electricity out to the grid. . Net power delivered to the grid equals
total power generated minus power required to operate plant auxiliaries,
including environmental control equipment. The actual overall plant heat

rate is listed in the plant's major documents, such as the Environmental
Impact Statement or the Power Plant Design Report. '

The heat content of coal (Q) as

fired is a parameter given in the coale
analysis. .

Using the above definitons, the coal required on a daily basis is as follows:

T R

In the typical plant,
P = 500 MWe
Q= 9760 Btu/kWh
Q = 12,000 Btu/ib

Thus, for the typical plant,

~ Coal feed rate = 12 P(/Q tons/day -

Coal feed rate = 12 (500 Mwe 9730 Btu/kih

= 4.9 x 103 tons/day
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On a yearly basis,

Coal feed rate = (4.9 x 1_03 tons/dQY)(O.a capacity factor)(365 days/yr)
= 1.43 x 106 tons/yr

The analysis for the coal used in this ECIR is as follows!;

Proximate Analysis: (%) o Ultlmate Analysis (%)
ash 8.8 : : C 64 9
fixed C 44.3 (o] 8.7
volatile 38.7 _— - H- 4.6
moisture = 8.2 o N 1.5
- o s 3.3
ash 8.8
moisture 8.2

'Heat value 12,000 Btu/Ib

In subsequent sections of this ECIR, values from this coal analysis are-used
to calculate the resources and residuals associated with operation of the
plant, e.g., in item the ash content of the coal is used to calculate
the amount of bottom ash from combustion. If a coal different from the
one shown in the above table were used, the values from the new coal
analysis would be substituted in- the equatlons.

In the calculations of environmental pollutants, it is assumed that 20 percent
of the ash is emitted as bottom: gsh and that the remaining 80 percent is
emitted from the boiler as fly ash.<»? [t is also assumed that 10 percent of
the sulfur is retained in the bottom ash and fly ash or removed as a result
of pyrite removal in the coal pulverizer, and the remaining 90 percent is
converted to sulfur dioxide.%s )

The energy content of the coal feed into the boilers is converted into

electncxty with an efficiency of 35 percent. The remainder of the energy xs
lost in the form of thermal energy accordmg to the following table.
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Energy at
Percent of 100-Percent
Input Capacity (Btu/da
Net Electrical Output 35 41 x 10°
Heat Rejected to Candenser 50 58.5 x 10°
Sensfble Heat in Flue Gas 10.7 12.5 x 10°
Internal Thermal Losses and

4.3 9
Plant Consumption : » Sx10

fotal Energy From 4.9 x 0¥ - 100 » 7 x 10°
tons/day Coal Feed at 17 x 10
12,000 Btu/1b

These heat losses pose little environmental concern:
directly to the atmosphere is negligible,
condenser

the heat rejected
the heat rejected to the main
is cooled by closed-cycle cooling towers, and heat rejected
through the cooling tower blowdown line is dissipated into the atmosphere
through water treatment/recycling facility holding ponds.
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1. G.K. Niejsen, ed., 1978 Keystone Coal Industry Coal Manual, Kentucky
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3.  Teknekron, Inc., "Comprehensive Standards: The Power Generation
Case," EPA No. 68-01-0561, March 1975, p. 9l.
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D.C, April 1980. '
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Scientist, Office of Air Quality, Planning, and Standards, U.S.
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(9 Evaporative and Drift Losses From Wet Cooling

, Towers

- Evaporative losses from the cooling towers into the atmosphere are
approximately 2 x 109 gal/yr for a typical 500-MWe power plant
operating at full load. Additionally, another 0.25 percent or 5 x 106
gal/yr will be lost in the form of drift if drift eliminators are not used.

. The above values are based on the assumptions that 50 percent of the gross

heat released from coal combustion is dissipated to the circulating water
system and that the water heat of vaporization at standard conditions is

1050 Btu/lb water evaporated.l,2,3 In general, the water requirements due
to cooling tower evaporation are given by

Wpyap, gal/day = 2880 (percent heat rejected to circulating water system)
4P/ (water heat of vaporization) . ’

For the typical plant,

Weyap = (2880)(0.50)(9760 Btu/kWh)(500 Mde)/(1050 Btu/1b)
= 6.7 x 106 gal/day .

On a yearly basis,

Weyap = (6.7 x 106 gal/day)(0.8 capacity factor)(365 days/yr)
=2 x 109 gal/yr o

Similarly, requirements due to cooling tower drift for the typical plant are

WprpFT = 0.0025 Weyap
« 0.0025 (6.7 x 105 gal/day)
= 16.8 x 103 gal/day -
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On a yearly basis,

WoriFr = (16.8 x 103 gal/day)(0.8 capacity factor)(365 days/yr)
« 4.91 x 106 gal/yr

These cooling tower losses may interact with the local meteorology and
cause visibility impairment, fogging, or icing conditions.

existing regulations limiting cooling tower losses to the atmosphere.

There are no

References

1. R.F. Probstein and H. Gold, Water in Synthetic Fuel Production: The
Technology and Alternatives, The MIT Press, 1978, pp. 47-81.

2.  Water Purification Associates,” "Final Report: An Assessment of
Minimum Water Requirements for Steam-Electric Power Generation and
Synthetic Fuel Plants in the Western United States," ‘prepared for
Science and Public Policy Program, University of Oklahoma, Contract
No. 68-01-1916, August 24, 1976, pp. 61-105.

3. Power Handbook.

Two, Power Magazme, 1975, p. 104.

A-20

Basic Power Facts Made Easy, Part One and Part

f———’ L "] L. ] 4 L ] [ L )

)




s
L.

Cooling Tower Blowdown

Cooling tower blowdown represents approximately 10 percent of the
evaporation losses.’2 For a typical plant, blowdown is 0.2 x 109 gal/yr

and goes to the water treatment/recycling facility to be reused as
makeup water. ‘

Blowdown water typically contain: the following environmental residuals:
biocides (e.g., chlorine), added for marine and biological growth control;
corrosion inhibitors (e.g., chromates), a high concentration of total dissolved
solids; and excess heat. Because these residuals are collected and controlled

environment (see item .

_in the water treatmentfiecycling facility, there is no direct influence on the

For any plant,

WgLowpowN = 0.1 Wgyap

For the typical plant,

WBLOWDOWN = 0.1-(6.7 x 106 gal/day)
WBLOWDOWN. = 0.7 x 106 gal/day

OnA a yearly basis,

WBLOWDOWN = (0.7 x 106 gal/day)(0.8 capacity factor)(365 days/yr)
= 0.2 x 109 gal/yr

References

1. R.F. Probstein and H. Gold, Water in Synthetic Fuel Production: The
Technology and Alternatives, The MIT Press, 1978, p. 47.

2. Water Purification Associates, "Final Report:  An Assessment of
Minimum Water Requirements for Steam-Electric Power Generation and
Synthetic Fue! Plants in the Western United States," prepared for
Science and Public Policy Program, University of Oklahoma, Contract
No. 68-01-1916, August 24, 1976, p. 69.
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@ Cooling Tower Makeup

Approximately 2.2 x 10° gal/yr are needed to make up cooling tower
losses due to drift, evaporation, and blowdown for a typical plant.

Cooling tower makeup is obtained by summing Wgyap and Wpppr from
item(%)and WarowpownN from item as follows:

Wrow = WEVAP * MDRIFT * WBLOWDOMN

For. the typical plant,

¥row * (6.7)(106 gal/day + 0.02){106 gal/day + 0.67)(106 gal/day)
= 7.4 x 106 gal/déy

On a yearly basis,

Nrow ® (7.4 x 105 gal/day)(0.8 capacity factor){365 ;iays/yr)
= 2.2 x 109 qalyyr : -

The above analysis is for a wet cooling system only., When water is
expensive, however, (greater than about $0.80/103 gallons) or of limited
availability, combined wet and dry cooling systems would be used. For such

systems, the average annual water consumption is between 10 and 25 percent
of the all wet system.l

Reference

1. R.F. Probstein and H. Gold, Water in Synthetic Fuel Production: The
Technology and Alternatives, The MIT Press, 1978, pp. 47-81.
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@ Miscellaneous Pl‘ant Drains

The typical liquid waste flow from mlscellaneous plant drains is 175 x
-106 gall/yr, all of which goes to the water treatment/recycling facility.’

The liquid waste consists of various water streams used in maintaining plant
operation (e.g., -boiler blowdown and bearing cooling) and can be slightly
contaminated with oil or chemicals. The waste figure given above was taken
- from an operating 500-MWe power pl;nt.,l Because the magnitude of the
waste stream is not a linear function of plant power level, the waste from a
power plant of a size other than 500 MWe should be obtained from an actual

plant of that size.  Such information is contained in the plant's
Environmental Impact Statement. -

The chemical nature of the waste stream as potentially released to the
environment is discussed in item

Reference

1.  Environmental Analysis, Spurlock Stanon Unit No. 2,
6500-05 July 1975, p. H-S‘l.

Docket No.
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@3 Makeup Water to Generating Plant

The makeup water to the generating plant is 180 x 10¢ gal/yr.

Makeup water is required for two purposes: for the operations discussed in
item and for handling bottom ash from the boiler. '

Bottorﬁ ash is collected and quenched in water-filled hoppers before it is

sluiced to a disposal site. The rate at which water is evaporated from the
hopper, Wyap, is a function .of the ash spécific heat, temperature drop,
quenching rate, and water heat of vaporization, i.e.,

Wyap, gal/day = 240 (ash fraction in coal)(coal f@ed-rate)(bottom ash fraction)

(bottom ash temperature change){bottom ash specific heat)/
(water heat of vaporization) :

For the typical plant, if it is assumed that

Ash removal temperature
Ash quenched temperature
Ash specific heat

Water heat of vaporization
Bottom ash fraction -

then

1200° F
200° F '
0.2 Btu/lb-O F

1.050 x 103 Btu/lb
002

Wyap = 240 (0.088)(4.9 x 103 tons/day){0.2){1000°F}(0.2 Btu/1b-°F)/(1050 Btu/1b)
= 3.9 x 103 gal/day

On a yearly basis,

Wyap » (3.9 x 103 gal/day)(0.8 capacity factor)(365 days/yr)
* 1.14 x 106 gal/yr
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Of equal importance to the water evaporated Is the amount of excess water

needed for bottom ash handling and disposal, Wape If the weight of water
remaining in the quenched ash is 30 percent of 'ane ash weight, then

‘Syaps gal/day = 72 (ash fractfon in coal)(cosl feed rete)(bottom ash fraction)

' For the typical plant,

Wqap = 72 (0.088)(4.9 x 103 tons/day)(0.2)
= 6.2 x_,103'gn/d¢y

On a yearly basis,

A

Wyap * (6.2 x 103 gal/day)(0.8 capacity factor)(365 days/yr)
= 1.81 x 106 gal/yr

The total water requirement for bottom ash disposai, Wpp, is therefore
given as : _

Wga.® Wyap ¢+ Wyap

For the typical plant,

gy = (3.9)(103 gal/day + 6.2)(103 gal/day)
= 10.1 x 103 gal/day
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On a yearly basis,

Wga = (10.7 x 103 gal/day)(0.8 capacity factor)(365 days/yr)
= 3 x 106 gal/yr

= 0.03 x 108 gal/yr

@e majority of this water will be supplied from recycled water (see item
). -
t

l.

Thus, the total makeup water requirement for the generating plant is
e 175 x 108 gal/yr for general plant ogerations (see item

) plus the
0.03 x 108 gal/yr given above, or 1.78 x 10

gal/yr ~180 x 106 gal/yr.

Reference

Water- Purification Associates, "Final Report: An Assessment of
Minimum Water Requirements for Steam-Electric Power Generation and
Synthetic Fuel .Plants in the Western United States," prepared for

Science and Public Policy Program, University of Oklahoma, Contract
No. 68-01-1916, Chapter 8, August 24, 1976, p. l4l.
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Bottom Ash Frdtn »Coal Combustion

The amount of bottom ash ganera_téd is 25 x 103 tons/yr.

As described earlier, the quantity of ash in the coal assumed for this ECIR
is 8.8 percent, and 20 percent of this ash becomes bottom ash.1»2 Thus,

Bottom ash = (ash fraction in cécli(‘coal feed rate)(bottom ash fraction)

For the typical plani:

Bottom ash = (0.088)(4.9 x 103 tons/day)(0.20)
: = 86 tons/day

On a yearly basis,

Bottom ash = (86 tons/day)(0.8 capacity factor)(365 days/yr)
= 25 x 103 tons/yr

Bottom ash from a dry' bottom ..pulverized coal boiler is collected and
quenched in hoppers, located beneath the boiler, where it is sluiced with
water to settling ponds or dewatering bins.3

References

1. U.S. Environmental Protection Agency, "Electric Utility Steam

Generating Units:  Background Information for Proposed Particulate
Emission Standards," EPA-450/2-78-006a, July 1978, p. 3-14. .

2. Teknekron, Inc., "Comprehensive Standards: The Power Generation
Case,” EPA No. 48-01-0561, March 1975, p. 9l. :

3. Water Purification Associates, "Final Report: An- Assessment of
Minimum Water Requirements for Steam-Electric Power Generation and
Synthetic Fuel Plant in the Western United States,”" prepared for

Science and Public Policy Program, University of Oklahoma, Contract
No. 68-01-1916, August 24, 1976, p. 142.
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@ Excess Water to Rwer or Sewer

Whenever.the hold‘ ng pona' from the water treatment/ recycllng facility
overflows during low demand periods, the excess water. is directed to
the area surface waters. (lake or river) or to a sewer system.

The quantity and qualxty .of the overflow is controlled to within standards
established by either the Federal Government or the state based on
National  Poilutant Discharge Elimination System (NPDES) procedures and
guidelines. Pro;ectnons for the typical coal-fired 500-MWe power plant show
that the maximum ﬁow rate from the holding ponds under worst-case
conditions is 26 x 106 gal/day. % The maximum daxly average concentration of
controlled residuals observed for 30 .consecutive days and ‘the amount of
residuals that would be released at the maximum flow rate are as followss#

Kentucky
i Max imum " Water
e e e e % M mum - Measured Quality
) Amount Concentration Standards
Residual . - Released - —{(mg/}) T
Total Suspended Solids 3.3 tons/day 0 30
011 and Greases 1.7 tons/day . 15,2 None -
Copper 2 lb/day 0.009 1
Iron 2 1b/day 0.009 1
Cthlorine . ... 28.27b/day 0.11 None

Where - . e

Maximum amount Maximum average
_released per day " (""“'"'" flow "t’)( 30-day ;oncgntration)

The allowable concentrations of the pollutants shown above are specified by
the appro'priate state NPDES permitting authority’ based on Federal
regulations in the Clean Water Act, local pollutant regulations, and the
water quahty characteristics of the recexvmg water.

The 26 x 105 gal/day worst-case dxscharge is not characteristic of the

expected flow. The actual flow would be considerably lower and would
depend on site-specific conditions, such as precipitation.
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Recycle Water

Recycled water can be used for the solid waste handling requirement of
2.9 x 107 gal/yr.

Recycle water in this plant configuration is water that has been withdrawn
from the plant water treatment system after settling, oil removal, and
acidic neutralization. This water will contain varying degrees of dissolved
solids as well as suspended particulates. In general, it will be of such
quality that it could be discharged to surface waters.

The amount of water required in solid waste handling systems, assuming a
50-percent total solids mixture is given by

Water required, gal/day = 240 [(bottom ash, dry) + (fly ash, d}y) 4
+ (scru_bber sludge, dry) - (water in scrubber sludge)}

For the twpical piant,

Water required = .240 [86 tons/day + 345 tons/day + 660 tons/day - 660 tons/day] -
= 0.1 x 105 tons/day

On a yearly basis,

Water required = (0.1 x 106 gal/day)(0.8 capacity factor)(365 days/yr)
= 2.9 x 107 gal/yr s

The amount of recycle water required for ash handling is directly and -
linearly scalable with plant capacity for a given coal and scrubber operation
and will increase linearly as the dry solids to be transferred increase.

Reference
I. . Final Environmental Impact Sfatemen_t_, Spurlock Station Unit No. 2,
and Associated Transmission, USDA-RFEA-EIS-76-4F, November 1976.
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(17) Fiy Ash From Particulate Control

The total amount of fly ash generated is 100 x 103 tons/yr.

Dry electrostatic precipitators are used to remove the coal fly ash from the
flue gas. Eighty percent of the ash in the coal is emitted as fly ash,l1s2 or

Fly ash = (ash fractton in coal){coal feed rate)(fly ash fraction)

For the typical plant,

Fly ash = (0.088)(4.9 x 103 tons/day)(0.80)
= 345 tons/day '

On an annual basis,

Fly ash « (345 tons/day)(0.8 capacity factor)(365 days/yr)
= 100 x 103 tons/yr '

To meet the current NSPS of 0.03 b/ 106 Btu, only 0.5 percent of this

" amount is emitted to the ambient atmosphere, and 99.5 percent is captured

by the electrostatic precipitator.

From these precipitators, the collected ash is discharged into storage hoppers
by rapping. The dry fly ash is transported by pneumatic conveying from the

precipitator to the sluicing gystem, where it will become part of the bottom
ash scrubber sludge mixture. '

A second particle control technology now in use and gaining in popularity is
the baghouse. ~ Although the technology has been applied to- large utility
boilers both in the East and in the West, it is more predominantly applied in
the West to collect the high resistivity fly ash from western coals that is
difficult to collect in an ESPY and to meet more stringent particulate
emission standards imposed by some western states. Baghouses generally
have higher collection efficiencies than ESPs (96 to 99.5 percent for ESPs
versus >99 percent for baghouses in most cases) and are especially effective
in the control of fine particles (<3u). If a baghouse is- to be considered,
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the assumed collection efficiency of the unit can be directly substituted in
the example given in place of the 99.5 percent removal efficiency assumed
for the ESP. Although the removal efficiency is variable for both ESPs and

baghouses, the individual utilities will generally operate the units to meet

the standards that apply in each specific case.

References

I. US. Environmental Protection Agency, "Electric Utility Steam
Generating Units:  Background Information for Proposed Particulate
Emission Standards," EPA-450/2-78-006a, July 1978, p. 3-14.

- 2, Teknekron, Inc., "Comprehensive Standards: The Power -Generation
Case," EPA No. 68-01-0561, March 1975, p. 9l. .

3. Water Purification Associates, "Final Report: An Assessment of
Minimum Water Requirements for Steam-Electric Power Generation and
Synthetic Fuel Plants in the Western United States," prepared for
Science and Public Policy Porgram, University of Oklahoma, Contract

. No. 68-01-1916, August 24, 1976, p. 144,

U.S. Environmental Protection Agency, “Electic Utility Steam
Generating Units:  Background Information for Proposed Particulate
Matter Emission Standards,” EPA-450/2-78-006a, July 1978 p. 4-1.
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sluicing system by rapping.

Makeup Water fo'r’Fl.y'- Ash Transport

Water-added to the captured fly ash to transport it to the disposal area is
24 x 10° gal/yr.

Dry electrostatic precipitators are used to remove the coal fly ash from the
flue gas. In these precipitators, the collected ash is discharged into a

The ash.is. then .combined with recycle water
until the mixture is at least 50-percent liquid by weight.l Note that the
fly ash, bottom ash, and scrubber sludge are all individually fed into the
sluicing system, o

The amount of water required to transport the ash in the sluicing system -is
given as :

Water required, gal/day = 240 (ash fraction in coal)(coal feed rate)(fiy ash fraction) .

For the‘ typical plant,

Water required = 240 (0.088)(4.9 x 103 tons/day)(0.8)
= 83 x 103 gal/day

On a yearly basis,

Water required = (83 x 103 gal/day)(0.8 capacity factor)(365 days/yr)
« 24 x 106 gal/yr

Reference

1. Electric Power Research Institute, "FGD ‘Sludge Dispbsal Manual,"

FP-977, January 1979, p. 4-7, Table 4-2.
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Slu'dge From SO3 Control

The.amount of scrubber sludge generated fon a dry basis) is 193 x 103
tons/yr.

The use of a limestone scrubber is assumed for SO, control based on the
current number of such units in opefation and their combined record of
effectiveness and reliability, The operation of such units invoives the

creation and requirement for disposal of sludge (spent reactants mixed in the
same ratio with water)

The quantity of sulfur in the coal used is 3.3 percent. Therefore, the
quantity of sulfur enterlng the boiler- is ’

$ = (su)fur fraction in coal)(coal feed rate)
= 0.033 (4.9 x 103 tons/day)
= 162 tons/day

If it is assumed that a total of 10 percent of the sulfur is retained in the
bottom ash and fly ash or removed as a result of pyrite removal in the coal
pulverizer, and that the remainder of the sulfur is converted to SO3, then

S0 = 0.9 {sulfur entering boiler)(2)
= 0.9 (162 tons/day)(2)
= 292 tons/day

Thus, 292 ‘tons/day of SO, enter the scrubber.l<4 (Note: The factor "2" in
this equation is used because every mole of sulfur requires 1 mole of oxygen
to form | mole of SO;.) As will be shown in item 22, the amount of dry
limestone used is 500 tons/day, 1i.e., 1.25 times the stoichiometric
requirement. This excess 25 percent of the stoichiometric requirement will
become part of the sludge residue. It is generally accepted’ that the spent
slurry consists of 75 percent CaSO3-%H;0 and 25 percent: CaSOy-2H20.
As will be shown in item , the scrubber must operate at 83 percent

efficiency to meet the standard. Consequently, the amount of scrubber
_ sludge (dry basis) generated each day is

Sludge = {0.25 {100/64) + {140/64)) (scrubber efficiency)(50; feed rate)

= (0.25 (100/64) + (140/64)1(0 88)(292 tons/day)
= §60 tons/day
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_ process.

On a yearly basis,

Sludge = (660 tons/day}{0.8 capacny factor)(365 days/yr)
= 193 x 103 tons/yr

where
100/64 = limestone/SO, molecular weight ratio
140/64 . = (CaSO3-%H20 and CaSOu-ZHZO) mixture/SO; molecular

weight ratio

Based on current usage and projections of new installations, lime/limestone
scrubbers are the most popular' form of SO, control now available and are
expected to remain so in the foreseeable future. Other SO2 control systems
have been demonstrated at utility scale, however. These include sodium car-
bonate scrubber systems, dua! alkali scrubber systems, Wellman-Lord regen-
erative scrubber systems, ‘magnesium. oxide regenerative scrubber systems,
and dry lime or alkali injection systems. Although these systems are now or
have been in commercial operation, their overall number is small and for
this reason have not been included in the detailed evaluation of control tech-
nology. The major points .of environmental interest for these systems are
generally the same as those for lime/limestone. The interest in these sys-
tems centers primarily on their potential for desirable modification or reduc-
tion in the waste (generally consxdered solid waste) streams from the

\

Although the current NSPS for SOy control excludes the use of low-sulfur
coal alone to achieve compliance, low-sulfur coal can be used in combination
with other SO, removal techniques to achieve a more desirable system from
the standpoint of reliability, economics, or both. For those plants operating
under the previous Federal NSPS the use of low-sulfur coal is a viable
option to achieve the 1.2 1b/106 Btu SO emission limit. Older plants, not
controlled by Federal regulations, may also use low-sulfur coal to comply
with applicable state and local SO3 standards.
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@ Solid Waste Handling

The typical plant and associated pollutant contro/s generate 320 x 107
tons/yr (dry basis) of solid sludge.

Waste streams entering the disposal site contain pyrites sluiced from the coal
pulverizer and bottom ash sluiced from the boiler, fly ash sluiced from the
electrostatic 'precipitator, and scrubber sludge underflow from a thickener
located downstream of the scrubber. The scrubber wastes in the disposal
site settle to approximately 50 percent solids. Excess water, i.e., from the

settling of the scrubber sludge and unevaporated rainwater, is returned to
the water treatment/recycle facility.

The wastes are contained in 1mpoundment$ formed by the excavation of the
disposal site. Sides of the impoundment are sloped and extend .above grade

level to complete the basin and form berms and dikes around the periphery
of the site,

A total depth of 30 feet of waste material is considered
typical. ' ‘

For the typical. plant, determination of fotal- solid wastes on a dry basis and
required land area are as follows:

1. 86 tons/day bottom ash
345 fly ash

560 reacted 1imestone (75%:CaS03+% Mzo & 25%:Cas04-2 H20)1
+100 unreacted 1imestone

1100 tons/day -(solids, dry) at 88.6 1b/ft3

2. Adding siuicing water results in
+1100 tons/day (sluicing water)

2200 tons/day wet waste -

3. To determine land required:?
(2200 tons ) 000 1b g 'ft3)(1

W Ton\BBT 5 m actre)( .1, ‘impoundment S-'l 2e factor)
(365 dazS),~ 15.3 acres )
year year

‘4, This results in a land acreage requirement of
15.3 acres) /30 years .
Jear )( (Iife)) = 460 acres at 100 percent capacity factor
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On an annual basis,

‘Sludge = (1100 tons/day)(0.8 capacity factor)(365 days/yr)
« 320 x 103 tons/yr

and

Land requirement =. (460 acres/yr)(0.8 capacity factor)
= 370 acres for 30 years, 30 feet deep

Regardless of the solid waste treatment or stabilization method used, upon
tilling of the disposal impoundment, it is expected that a layer of soil will
be placed over the wastes and will be graded and- sloped to encourage
rainwater runoff and to minimize seepage of rainwater through the wastes.

Three alternative sludge treatment and stabilization methods are available for
disposal of the wastes: (1) Settling the wastes over an impervious layer and
decauting of supernatant liquid; the impervious material can be clay or an
elastomeric liner with “a permeability coefficient of 10~/ cm/sec or less.
(2) Reducing the leachability of the waste (to 105 to 10~/ cm/sec) by
chemically treating the scrubber sludge-ash waste with lime, forming a solid
material with_low permeability characteristics and high load-bearing
characteristics.2  (3) Installing an underdrainage or dewatering system of
perforated pipes in the soil immediately below the sludge-soil interface.
Settling of the wastes up to 60 percent solids has been obser'ved.2 Further
settling to 80 percent solids (with a correspondent reduction of waste volume
and disposal land area) can be achieved if the scrubber sludge were oxidized

to gypsum within the scrubber or in an oxidation tower downstream of the
scrubber. :

Decisions on the use of these alternatives will be based on site-specific

consnderanons, including sludge and. soil characteristics, land reclamation
requirements, and cost factors. .

Radon Emana_tiron From -Solid Waste 'Stor_agg .

Analysis of the ash produced by the combustion of bituminous coal has shown’

that a power plant solid waste burial site will emit approximately 2.23 x

10-4 Ci/day of radioactive radon-222 gas for every acre of covered solid
waste disposed of. Over a 30-year plant lifetime, radon emissions will
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average 4.1 x 10-2 Ci/day for a typical 500-MWe plant, assuming that all of
the solid wastes are buried with approximately 2 feet of earth cover at the

power plant site and the plant operates at an average capacity factor of 80
percent.

Radon emanation from ash piles is a function of the surface area and depth
of the buried waste and the depth of earth cover over the waste. Waste
containing radium-226 (the parent nuclide of radon-222 gas) buried at a
depth of 10 feet will emit approximately the same amount of radon gas as
waste buried in deeper layers. because of the self-shielding effect of the
waste. Using data collected by the U.S. Geologxcal Survey,? Goldman has
shown that the annual radon-222 gas emissions from Appalachian coal ash
waste with a radium-226 concentration of 3.48 pCi/gm would be 0.191
Cifacre-yr assuming a 25-percent reductlon due to a 2-foot earth cover.*

Using these data _and ad)ustmg for the hxgher radium-226 concentranon
assumed in item @, a radon gas emanation rate factor of 5.69 x 10-4%
Ci/day-acre is produced, assuming a 2-foot earth cover and an ash depth of
at least 10 feet. This factor must be adjusted downward according to the
amount of non-ash waste, e.g., scrubber sludge, in the solid waste piles. .

Because radium-226 decays to: radon-gas at a very slow rate (the half-life
of radium-226 is over. 1600 years), it can be assumed that, over the 30-year
plant life, radon gas emanation is directly proportional to the waste pile

surface area and the amount of ash contammg radium-226 in the waste;
therefore,

ash content in solid-waste ]
Radon gas, Ci/day '_(tota S0 waste 1sposeq)(s“'f‘°' area of waste piles, acres).

5.69 x 10~4 Ci/day-acre
(65 .

For the typical plant,

Radon gas, Ci/day = (‘3] t:g:sd‘aybzzzgm :gd f]wagzz)(surface area of waste piles)
(.69 x 10°4 c1/day-acre) ‘
(See ftem 20 for solid waste quaetfgies)

= (2.23 x 10°4 Ci/day-acre)(surface area of waste pile, acre)
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1. P.P. Leo and J. Rossoff,

3.

4. M.J. Goldman,

For item @ the total area necessary for the disposal of solid wastes at a
depth of 30 feet over the 30-year lifetime for the typical 500-MWe plant,
assuming an 80-percent capacity factor, is 370 acres. Therefore, the

average daily radon emission from the burial site over the 30-year plant life
is as follows:

Radon gas = (2.23 x 104 Ci/day-acre)( 204cres)
= 4.1 x 10-2 Ci/day

"The factor of 2 is used to compute-the average area of the solid waste

burial ;'ound assuming a constant buildup at 10 acres/yr over 30 years (see
item

Therefore, the annual average radon emission,

assuming a 80-percent
capacity factor, is

Annual radon gas = (4.1 x.10-2 Ci/day)(365 days/yr)
= 14.9 Ci/yr

There are no current regulations controlling the release of radon from coal
waste storage piles.

References
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2. R.B. Fling et al.,, "Disposal of Flue Gas Cleaning Wastes: EPA

Shawnee Field Evaluation - Third Annual Report," EPA-600/7-80-011,
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V.E. Swanson, "Collection, Chemical Analysis, and Evaluation of Coal
Samples,"” USGA Open File Report 76-468, 1975,
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@ Makeup Water for SO, Control ~ °

The amount of makeup water requzred for flue gas desulfurization is 300
x 106-gal/yr.

For this. analysis, a lime/limestone slurry is used in the scrubber, and it is
assumed that the flue gas is saturated with water vapor upon leaving the
scrubber, Typical conditions at this location are P = [5.056 psia and
T = 1020F, which correspond to flue gas containing 0.127 mole water/mole
dry gas. If the fractional weights of carbon (C), sulfur (S), hydrogen (H),
oxygen (X), and water (W) in the coal are known, and !5 percent excess
air is assumed, it can be shown that-the makeup water requirement per unit
weight of coal is given by the followmg relanon- »2

10 el uler - 2.8 (fy+ 3p) + 105 (3 3) - % 5

Using the coal feed rate obtained previously, the above equation can be
" modified to give the requnred daily water feed rate, W FGD

Wegp» 9al/day = [12.8 (f + 35) +10.5 (4 - 3"?) - W - §](2.88 x 103 BY)

In addition to leaving with the flue gas, there is also going to be some
water leaving with the solid wastes, e.g., CaSO3:%¥H20 and CaSQOy.2H0. It
is to be noted that, for the purposes of these calculations, the amount of
water of hydration is considered negligible. The amount of water leaving in

the solid wastes is a function of the sulfur concentration of coal and the
slurry concentration, !»2 j.e., :

1b makeup water "l-m
b sui?ur =59 (T)

where

3
"

weight fraction of solids in waste

(weigh‘t of solids)/(weight of solids plus water)

The above equatlon can similarly be modified to glve the requxred dauy
water feed rate, W ot

HFED. galzday = 1.7 x 108 qu s (_l;g)
m
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The total required daily water feed rate is therefore given as

) 2
¥rGD = WFGD * WrGD

For the typical plant, application of the above equations gives

“F(];D = 0.80 x 106 gal/day (vaporized)
“rén = 0.23 x 106 gdlfday {50-percent solids)
Wegp = 1.0 x 106 gal/day )

On an_ annual basis,

WrGp = (1.0 x 106 gal/day)(0.8 capacity factor)(365 days/yr)
= 300 x 106 gal/yr ‘

References

L
2

R.F. Probstein and H. Gold, Water in Synthetic Fuel Production: The
Technology and Alternatives, The MIT Press, 1978, pp. 40-44, .
Water Purification Associates, "Final - Report: An Assessment. of
Minimum Water Requirements for Steam-Electric Power Generation and
Synthetic Fuel Plants in the Western United States,"” -prepared for
Science and Public Policy Program, University of Oklahoma, Contract
No. 68-01-1916, August 24, 1976, pp. 110-120,

A-41




| @ Lime/Limestone Requirement for SO, Control

The amount of lime/limestone requifed for flue gas desulfurization is
146 x 103 tons of dry CaCOj3/yr. (The requirement is given solely in
terms of limestone because of the relatively large economic penalty

incurred if lime is purchased rather than obtained during calcination of
limestone. ) L

calcium-to-sulfur ratio is 1.25) and, as shown in item Figure 2, the
scrubber has to achieve 88-percent removal efficiency t§ satisfy the SOj

For limestone scrubbing, absorbent utilization is generallé 0.81 (i.e., the
emission standard. The limestone requirement is therefore given by

_Limesione = (1.25)(100/64)(S0; feed rate)(scrubber efficiency)
’ = 1.25 (100/64)(292 ton SO2/day){0.88)
= 500 tons dry CaCO3/day

where

100/64 = limestone/SO, molecular weight ratio.

On an annual basis,

Limestone = (500 fons/day)(O.B capacity factor)(365 days/yr)
= 146 x 103 tons/yr

Reference

1. Aerospace Corporation, "Controlling SO Emissions from Coal-Fired

_Steam-Electric Generators: Solid Waste Impact, Vol. II. Technical

Discussion," EPA-600/7-78-044b, March 1978.
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@' Flue Gas

The pollutants and trace elements that are part of the flue gas emitted to
the ambient atrosphere past control are as follows:

so, 10.2 x 103 tons/yr
NO, . 10.2 x 103 tons/yr
TSP 0.5 x 103 tons/yr
HC S 0.22 x 103 tons/yr
co 0.72x 103 tons/yr
co, 3.7 x 106 tons/yr -
As 225 Ib/yr

Be ' ' 9.3 Ib/yr

Cd o 4.11b/yr

Mn . 161 1b/yr

Pb 114 1b/yr

Se 56 Ib/yr

Ra 3 x 103 Ci/yr (radioactive)

507

The amount of SO emitted to the ambient atmosphere is 0.6 1b/106 Btu.

The current New Source Performance Standards for SO regulation are
summarized below.! '

Uncontrolled , Controlled
Emissions Pe ¢ Emissions
" .
(10 50,710 Btu) Reduct fon (15 50,/10° Btu)
> 12 >90 1.2 maximum
12t 6 90" 1.2~ 0.6
6 to2 90—=70 . 0.6 (constant)
< 2 70 < 0.6

Basically, for steam coals burned by utilities with uncontrolled emissions
exceeding 12 Ib 502/106 Btu, SO2 reductions exceeding 90 percent would be
required to limit emissions to a maximum of 1.2 |b SO,/10° Btu. For those
coals whose uncontrolled emissions would range from l% to 6 1b/106 Btu, a
constant 90-percent remova) is required, resglting in controlled emissions
ranging from 1.2 Ib SO,/10® Bty to 0.6 Ib/10° Btu. For coals with sulfur
contents that would emit 6 to 2 Ib SO/106 Btu, a variable removal ratg
between 90 and 70 percent is required to achieve a constant 0.6 lb SO5/10
Btu. For example, at 6 lb SO2/ 106 Btu, 90-percent removal is required; at
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2 b 502/106 Btu, 70 percent is required; and at 3 |b S02/106 Btu,

80 percent is needed. In all cases, it should be noted that the controlled

emissions are 0.6 Ib/106 Btu. If the uncontrolled -emissions.:are iess than
2 1b/106 Btu, 70 percent SO is then required.

On. a yearly basis, controu;ng:.-sox and: NO,’ to 0.6 lb/lO6 Btu gives (at
80-percent capacity factor), . .. .

50, (and-NOy) = (0:6° 1b/106 Btu)(34 x 1012 Btu/yr)
= 20.4 x 106 1b/yr
= 10.2 x 1_03 tons/yr

The SO, removal requirements for a 12,000 Bty/lb coal are illustrated in
Figure 2. Seventy percent SO, removal is required up to a sulfur content of
1.2 percent. - Retween 3.6 and 7.2 percent, 90-percent removal is required.
If the sulfur content is in the range between 1.2 and 3.6, different removal
rates, as shown, are required to maintain the 0.6 lb SO5/ 106 allowable. For
the coal used in this ECIR (3.3 percent sulfur and 12, OOO Btu/lb), an overall
89.1-percent SO, removal is. needed. With a total of 10 percent sulfur
removed as a result of pyrite removal in the coal pulverizer and as sulfur
retained in- the bottom ash and fly ash, the sulfur content as seen by the
scrubber is 3.0 percent. (3.3 - 0.1 x 3.3). The scrubber will therefore be
required to remove 88 percent .to achieve the overall 89.1-percent reduction.
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' FIGURE 2. OVERALL SO, REDUCTION REQUIRED FOR A 12,000 Btuflb CO
~. % TOMEETCURRENT NSPS REGULATIONS
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The current New Source Performance Standard for NO, regﬁ[atiqns isl 0.6
1b/105 Btu, :

The amount of NO, emitted to the ambient atmosphere is 0.6 Ib/10% Btu.
The general way o{ achieving compliance with NO, emissions is to employ
combustion modification ~ techniques.2»4 The boiler manufacturer usually
includes in his performance guarantee the provision that emissions of nitrogen
oxides while firing coal shall ‘be less than 0.6 Ib/106 Btu.3 Emissions of
oxides of nitrogen :are limited by low flame and furnace temperatures, by
short residence time of the gases at high temperatures, and by reduced
amounts of excess air present in the flame. : -

Particulates

The current New Source Performance Standard for particulate regulation is
2.03 15/106 Btu, ’ '

The amount. of particulates (i.e.,. fly ash that .is not. captured in the
electrostatic precipitator) emitted to the ambient atmosphere is 0.03 15/106
Btu. The amount of ash in the coal used in this ECIR is 8.3 percent. If
80 percent of the ash is emitted as fly ash and the electrostatic precipitator
efficiency is 99.5 percent, the particulate emission to the atmosphere is

given by

Particulates = (ash fraction in coal)(fl_y ash fraction){coal feed rate)
(1-electrostatic precipitator efficiency)

For the typical plant,

Particulates = (0.088)(0.80)(4.9 x 103 tons/day)(1-0.995)
= 1.7 tons/day

On a yearly basis,

Particulates = (1.7 tons/day)(0.8 capacity factor){365 days/yrf)
= 500 tons/yr ‘ . . i

On a yearly basis, controiling particulates (TSP) to 0.03 15/106 Btu gives (at
80-percent capacity factor), o

TSP = (0.03 16/106 Btu)(34 x 1012 Btu/yr)
= 1.02 x 106 1b/yr
= 500 tons/yr
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Carbon Monoxide and Hydrocarbons

There are no New Source Performance Standards for carbon monoxide (CO)
or hydrocarbons (HC). The amounts of CO and HC emitted to the ambient
atmosphere are 2.45 tons/day and 0.74 ton/day, respectively. The emission
factors for (;O and HC are 1 Ibfton coal burned and 0.3 lb/ton coal burned,
respecnvely Hence, the daily emissions of these pollutants are given by

ICO. HC = (emissfon factor)(coal feed rate)

For the typical plant,

€0 = (1 1b/ton)(4.9 x 103 tons/day)/z x 103 1b/ton
= 2,45 tons/day

HC = (0.3 1bAton)(4.Q x 103 tons/day)/2 x 103 1b/ton
= 0.74 ton/day.

~ On a yearly basis,

€0 = (2.45 tons/day)(o 8 capacity factor)(365 days/yr)
= 720 tons/yr ;

HC = (0.74 tons/yr)(o 8 capacity factor)(365 days/yr)
= 220 tons/yr .

An indication of the completeness of a combustion process -is the
concentration of carbon monoxide (and, to a lesser extent, hydrocarbon
concentration). As such, pulverized coal-fired boilers have negligible
emissions of carbon monoxide and hydrocarbons.  Careful momtoring of

excess air and temperature in the boiler ensures that the emissions of these
pollutants are low.f

. Trace Elements

Atmospheric emission rates for the trace elements are calculated as follows
{Appendix C): :

lb/day at 100% " Ib/yr at 80%
Element . capacity factor : capacity factor
As 0.77 , 225
Be 0.03 9.3
Cd 0.01 : S
Mn 0.55 ‘161
Pb 0.39 114
Se 0.19 - 56
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The trace elements are species found in small quantities in the raw coal.
They become distributed among the bottom ash slag or the fly ash and flue
gases. In the latter, some are emitted past the precipitator and enter the
atmosphere. Because many trace elements exhibit preferential concentrations
in the smaller particles emitted, about § percent of the initial
concentrations of most trace elements are emitted to the ambient
atmosphere.” Based on recent work at Lawrence Livermore Laboratory, a
method was developed to calculate trace _element emissions to the
atmosphere. © The generalized methodology, algorithm, and associated
references for calculating trace element emissions are given in Appendix B.

Carbon Dioxide
The amount of CO; emitted to the ambient atmosphere is 12.5 x 10°

tons/day. During the combustion of hituminous coal, 0.21 b CO7 are
emitted to the atmosphere for every 103 Btu generated.® "Hence,

(C02)comp = (emission factor)(coal feed rate)(heat content of coal)

For the typical plant,

(€02)coms = (0.21 16/103-8tu){4.9 x 103 tons/day)(12 x 103 Btu/lb)
= 12.3 x 103 tons/day

Additionally, a small amount of COy is released to thé atmosphere fro

m the
limestone reaction with the 502.9' This amount is estimated as follows:

. (500 tons/day, limestone into\; 44  molecular weight
(coz) ( scrubber )(TU-' of S02/Cac03 )

= 0.220 x 103 tons/day

LIMESTONE

‘The total amount of CO, emitted to the atmosphere is given by

€02 = (€02)comg *+ (CO2)| TMESTONE
= 72.3 x 103 tons/day + 0.22 x 103 tons/day
= 12.5 x 103 tons/day

On a vearly basis,

€0y = (12.5 x 103 tons/day)(O.B capacity factor)(365 days/yr)
= 3.7 x 106 tons/yr

Radionuclides

Analysis of the fly ash produced by combustion of eastern bituminous coal
has shown that a typical 500 MWe plant will discharge into the atmosphere
approximately 10.35 x 10-6 Ci/day of radloactlve radium,
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Because over 80 percent of the trace radioactive particles in coal remain
with the fly ash after combustion, removal of the fly ash by electrostatic
precipitators is the most effective control technology - “availabie. 10 Samples
from the .comhustion : of rsiX ‘different batches. of Appalachian coal were

analyzedO for its: radxum content Ey Eisenbud - and Petrow wnh the following
‘ results- A B

. d

Concentration of 'Zadxoacnve Elements in Fly Ash

Radxum-‘-126 .38 x 10-12 Ci/gm

or 1.73 x 10-2 Ci/ib
Radium-228 2.4 x 10-1

Ci/fgm 1.09 x 10-92 Ci/lb

Other trace radicactive elements are emitted, e.g., thorium and uranium,
but pose a much smaller health hazard than radium.

Assuming the total activity released to the environment is through the flv
ash escaping .the electrostatic’ precipitators, the daily

release: of ady
radioactive isotope may be calmlat‘ed as follows:

Actfvity of 1sotope i, Ci/day =- {concentration of isotope 1 in fly ash)

v e - ~=(fly-ash generated, tons/day)(zooo lbs/tcn)
Q- ESPEFFICIENCY)

For the typical plant,

Rad'_ll’ln-226i = (1.73 x 10°9 Ci/1b)(367 tons/day) (2000 Ibs/ton)(l- 995)

6.35 x 10-6 Ci/day

Radium-228 = (1.09 x 10-9 Ci/1b)(367 tons/day)(2000 1bs/ton)(i-.995)

4.00°x 10-6 Ci/day

Total radium activity emitted daxly for the typical plant is therefore 10.35 x
6 Ci/day. .

On a vearly basls,

Radium = (10.35°x 10-6 Cl/day)(o 8 capacity factor)(365 days/yr)
= 3 x10-3 C'l/yr :

To date, there are no regulations that apply to the release of radioactive
pollutants from coal-fired power plants.

References

1. Federal Register, Vol. 44, No. 113,
Performance Standards; -
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April 17, 1964, p. 283 ' - -

A-49



_IIl. PHYSICAL REQUIREMENTS

Large amounts of land and water resources are required for .a coal-fired
power plant. The section on Water summarizes the requirements and uses of
makeup water discussed in Section Il.  The section on Land discusses the
land needed for plant siting and solid waste disposal.

Water

The maximum makeup water requirement estimated- for the  typical plant
operating at 80-percent capacity factor is 2.7 x 109. gal/yr. Some of this
water is recovered, treated in the water treatment facility, and recycled
back to the plant (see Section II, item (1§). The remainder is obtained from
local water sources and is lost primarily through evaporation and drift losses
in the cooling towers, holding pond surface losses, and dust suppression
systems. The ‘major uses of makeup water are listed in Table -2

“Land

The sizes of actual power plant sites vary over a considerable range and
depend on a number of factors such as. utility preference, cost of land,
onsite versus offsite waste disposal, plant location, and the power of the
plant. Although there is not a strong link between site 'size and the
particular features of the plant (such as MWe), broad relationships exist.
For plants in the 500-MWe range, site sizes appear to’ vary from about 500
to 1000 acres. There are a number of older plants sited in urban areas with
much smaller sites, but they should not be considered typical for new plants.

Because the land needed for. buildings is a relatxvely small portion of the
site, the bulk of the site is needed for coal storage, onsite waste disposal
(ponds, etc.), and general working room. Solid waste disposal area for a
plant similar to the typical plant was estimated at 370 acres (30-foot depth)
for the 30-year lifetime of the plant (see Section II, item @). A
representanve 500-MWe plant that does not have onsite sohd waste disposal
for the entire life of the plant has a site size of approximately 400 acres,

excluding waste dxsposal.2 Accordingly, 800 acres is a typlcal site size when
lifetime waste disposal is included.

The typical plant was designed as a mine-mouth plant with its own coal
preparation plant. The actual coal preparation facilities would require a
minimum of 1.5 acres.3 In addition, if the refuse from the preparation
plant is kept aboveground, disposal area will be required. The preparation
plant will generate 1800 tons/day of refuse (see Section II, item-@for
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Table 2. Makeup Water Demands for Major Plant Processes

(at 80-Percent Capacity Factor)

Source

Cooling tower makeup
SOx control
Generating plant makeup

Electrostatic precipitator
fly ash transport

Total estimated makeup
water demand

Recovered Water for Recycling

Controlled runoff from coal
storage

Boiler blowdown and
misce!Taneous plant drains

Cooling tower ploudown

‘Water removed from solid.

waste handling system

Total estimated recycled
water available for makeup

Net makeup water requirements

Total estimated~makeup'”
water demand )

Total estimated avail-
© ability of recycled
water

Environmental
Point of Interest

on Flow Chart

- 11
2
13

18

12
10

20

Estimated
Quantit,

(galzzr;
2.2 x 109

300 x 106
180 x 106

24 x 106

«2.7 x 109

variable

175 x 106
200 x 106

vVariable

=29 x 106
2.67 x 109

2.7 x 109

29 x 106
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calculation). Assuming a density of 50 lb/ft3, and a 30-foot depth, the land
requirements for waste disposal are calculated as follows:

o . 0.34 (solid waste disposal, tons/day)
Land requirements, acres/yr depth of disposal sTtéT Tt

For the typical plant,

Lang = 0:34 (1800 ﬁ?ns/dazt

= 20.4 acres/yr (at 100-percent capacity factor)
= (20.4)(0.8) »
= 16 acres/yr (at 80-percent capacity factor)

For the 30-year lifetime of the plant, the land requiréd for.coal preparation

waste disposal is therefore approximately 500 acres.

References

1. U.S." Environmental Protection Agency, "Electric Utility Steam
Generating Units: Background Information for Proposed SO; Emission
.Standards,” EPA-450/2-78-007a, pp. 6-18, July 1978.

2." Final Environmental Impact Statement, Spurlock Station Unit No. 2,
and Associated Transmission, USDA-REA-EIS-76-4F, November 1976,
p. 69. :

3.

Personal Communication, Phillip Halch, Roberts and Schaefer Engineers
and Contractors, April 1980. .
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IV. PERSONNEL

Although the number of people required for the operation and planned
maintenance of a power plant is highly. dependent on the philosophy of the
particular utility, certain standards are used. One such guideline is 0.089
persons/MWe for each shift.! This number, which includes support personnel
and personnel. for operating and maintaining pollution control -equipment,

equates to 45 persons per shift or 135 persons total per day for a 500-MWe
plant. ) v oo

In addition to the above requirement, personnel will be needed for the coal
preparation plant. Although preparation plant staffing levels - vary,
‘discussions with power engineers revealed that 10 persons per - shift or 20
persons total for the two preparation plant shifts would be a reasonable
figure. o :

Reference

1. Personal Communication, John W. Holjt, Jr., Power Plants Branch,
Rural Electrification Administration, Washington, D.C., April 1980.
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V. OCCUPATIONAL SAFETY AND HEALTH

Occupational safety and health implications of coal-fired power plants have
been examined using actual death and injury statistics.] For coal processing
plants, the report lists (per 102 tons processed) .7 to 2.7 deaths and 98 to
159 injuries. The corresponding figures for power plant workers (per 1012
Btu output) are 0 to 0.0095 deaths and 0.16 to 0.19 injuries.

For the plant assumed in this ECIRt the amount of coal processed is 1.96 x
106_tons/yr and 0.16 x 106 tons/10!2 Btu. The output of. the plant is 12 x
lQl_z Btu/yr. - Thus, the projected deaths and. injuries for the plant are  as

follows:
Pregaration Plant .~ -Power Plant
Annual - Per 10!2 By ~ Annual Per _10!2 Btu -
Deaths 1 0.0033-0.0053. ©  0.0003-0.0004 . 0-0.11 0-0.0095
Injuries 1.9:3.1 . 0..16;0.26- 1.9-2.3 0.16-0.19
Reference
I.

S.C. Morris, K.M. Novak, and L.D. Hamiltori, "Health Effects of Coal

in the National Energy Plan," Brookhaven National Laboratory,
BNL-51043, April 1979, pp. 8-9. :
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Particulate Control).”

APPENDIX A. AIR EMISSIONS
UNDER VARIOUS REGULATORY AND
CONTROL TECHNOLOGY ASSUMPTIONS

The air emissions calculated for the. coal-fired power plant described in this
document are based on current Federal NSPS for coal-fired power plants
using bituminous coal and that commenced construction after September 18,
1978. The units coming on line now and for several years into the future
are generally subject to the previous Federal NSPS. There are also many
units now operating that were under constructon or operating prior to the
effective date of the previous NSPS and are therefore not subject to any
Federal NSPS. Although these plants :are subject to Federal NSPS less
stringent than the current regulation, they will in many instances be subject
to more stringent state and local air emission regulations. In many
instances, the new 'plants, subject to current Federal NSPS, will also be
subject to more. stringent state or local standards that will effectively
establish the allowable air pollutant emission levels. Table A-1 provides a

'summary of air emissions under current NSPS and prevxous NSPS as well as

emissions from uncontrolled plants.

It should also be noted that under the previous ' NSPS ‘and uncontrolled
assumptions, coals having low-sulfur content could be used to reduce SO
emissions and to thus comply with the NSPS standard. The new NSPS .do not
allow the use of low-sulfur coal alone as an SOj-control for new plants.

In addition to xmpacts on air emissions, the use of a limestone or lime
scrubber generates a varying amount of solid waste (scrubber sludge). As
502 removal requirements increase, the amount of scrubber sludge will

increase (see item (3, Sludge From SO Control). Solid wastes will also be

increased if a hlgher ash coal is selected (see item @, Fly Ash From

Table A-1. Air Emissions Under Various Regulatory Assumptions*

Federal 4 Firing Rate - 34 x 1012 Btu/yr _
Regulation EQZ NOx Particulate
Current NSPS .6 1b/106 Bty 6 167106 Bty .03 1b/108 Btu
As of 6/11/79 10.2 x ]03 tons/yr 10.2 x 103 tons/yr .50 x 10° tons/yr
Previous NSPS 1.2 1b/106 Btu 7 1b/108_Btu .1 17106 Bt
12/23/71 to 20.4 x 103 tons/yr  11.9 x.103 tons/yr . 1.7 x 103 tons/yr
§/11/79 o : .
Uncontrolled 85 x 103 tons/yr **"Normal firigg“ (] 50% mechanical
emissions ’ ' .82 16/10° Btu removal of fly

13.9 x 10° tons/yr ash
. 50 x 103 tons/yr
* Based on the plant assumed in this ECIR, using a coal with 3.3 percent
sulfur content.

** .. Environmental Protection Agency, "Electric Utility Steam Generating
Units: Background Information for Proposed NO, Emissfon Standards," -
EPA-450/2-78-005a, July 1978, p. 6-9.
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APPENDIX B. COST INFORMATION

Obtaining an accurate estimate of the costs associated with any power plant
is an -ambitious undertakmg and beyond the scope of this study. However,

sufficient information is avaxlable to approximate the costs for the typical
plant.

- An extensive effort by the Department of Energy (DOE) and the Nuclear
Regulatory Commission (NRC)! examined . the total costs (capital, fuel, and
operating and maintena_nce) for -various plant types and sizes under a range
of economic assumptions. The plant most similar to the typical plant in this
Environmental Characterization Information Report (ECIR) is a 79-MWe
plant. burning high-suifur coal. 1It, too, 'is a pulverized coal plant with
electrostatic precipitator and flue gas scrubbers.

There is sufficient informati‘on “in . the study to determine approximate
economies of scale with respect to plant size.. When the data for the
794-MWe plant are converted to our 500-MWe plant size, the result for
plant capital cost is $450/kW (1976 dollars) or $225,000,000. The DOE/NRC
study provided an analysis that assumed an 8-percent escalanon rate and a
1985 date for first operation. Under these assumptions, correcting for
escalation, interest during construction, and contingency, the total
(integrated) capital cost for the 500-MWe nplant is $1270/kwW, or
$635,000,000. If the escalation rate were only 5 percent, the capital cost
would be $1030/kW, or $514, 000,000.

The study also calculated the total costs for the 1985 plant in mills/kWh
(including capital, fuel, and operating and maintenance), assuming 8-percent
escalation and a 12-percent discount rate, as well as the altérnate economic
assumptions of S-percent escalation:and. 10-percent discount rate. As might

are as follows:

Total Generating Costs

: . {mills/kWh)
Capacity Factor 8% Escalation 5% Escalation
(%) 12% Discount 10% Discount
50 - 116.9 87.4
60 107.4 78.8
70 , 101.1 72.8
80 - T 96.0 ' 68.1
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These cost figures include transportation of coal 900 miles from the eastern
high-sulfur coal mines to a hypothetical northeastern coastal location. If
coal transportation were not necessary, as in the case of the mine-mouth
typical plant, the total generating costs would be reduced by 23.6 mills/kWh
for the 8-percent escalation/l12-percent discount case and 13.8 mills/kWh for
the S5-percent escalation/l10-percent discount case. Thus, the costs for .the
typical plant,. excluding coal preparation, are as follows:

Total Generating Costs

 (mills/kWh) __
_ 8% Escalation 5% Escalation
Capacity Factor (%) 12% Discount 10% Discount
50 - ' 93.3 73.6
60 , © . 83.8 : 65.0
70 o 77.5 . -59.0

80 | . T24 54.3

The capital cost for the coal preparation plant is estimated at $10.5 million
in 1976 dollars, with operating and maintenance costs of $1.33/ton of coal.?
This total cost for the coal preparation plant, which is not very sensitive to
the capacity factor, is 5.8 mills/kWh for the 8-percent escalation/l12-percent

discount case and 3.9 mills/kWh for the 5-percent escalation and 10-percent
discount case. ' -

References

"l.. United Engineers and Constructors, Inc., "Total Generating Cost: Coal

and Nuclear Plants,” Vol. 8 in a Series of 8 Commercial Electric Power
Cost Studies, NUREG-0248, COO-2477-12, February 1979.
2. 1F. Wilkinson, ed., "What's New in Preparation: Equipment,

Processes, and Training," Coal Age, Vol. 85, No. 1, pp. 54-109,
January 1980. : ‘ ‘
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APPENDIX C. TRACE ELEMENT ANALYSIS

Trace elements are species that are found in small quantities in a mineral.
During coal combustion, they become distributed among slag, fly ash,.or
gases and are emitted into the environment. Based on industrial experience
with pulverized coal boilers, it is generally accepted that 80 percent of the
ash present in coal_is charged as fly ash, while only 20 percent is discharged
as bottom ash.'s - Because many trace elements exhibit preferential
concentrations. in the smaller particles emitted from coal-fired
power plants,3’6 .about 5 percent of the initial concentrations of most trace
elements are emitted to the ambient atmosphere. In addition, due to the
nonhomogeneity of coal, the composition and concentration of combustion
products will vary with coal. However, based on recent work.conducted by
Lawerence Livermore Laboratory,. it is possible to calculate trace element
emissions if certain system operating parameters and coal composition are
known.8 An explanation of how this is done follows.*

* Needed information:

° Trace element concentratxons in ‘coal being fired (Cn i={, 2,

n, pg/g)
K Coal feed rate (F, g/sec)

° Plant net pov)er output (P, watts)
e  Overall thermal efficiency (Mp)

) Electrostatic precipitator overall efficiency (NMgsp)

Definitions:

plant total power input (plant net power output)/ (overall thermal

efficiency)

P/,

~ (consumption rate); (trace element i concentration in coal)
(coal feed rate)/(plant total power

input)»+

= (C(FIPIMY)

'

ESP efficiency ratio = (1-ESP overall efficiency)/(1-ESP overall
' efficiency used in LLL study)

There are other methodologies for determining trace element emissions;
see, for example, Reference 9.
** Note: 1 watt = 1 joule/second.
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(atmospheric emission :
rate); = (stack emission of trace element i)/(plant total
power input)

(AER); = unknown to be determined
(penetration); = (10096) (atmosphenc emission rate);/(consumption
' rate);
= given in following Table C-1
Procedure:

L. When the needed information is obtained,. determine

e  plant total power mpuf
. (consumption rate);
. ESP efﬁcxency ratxo

2.  Obtain (penetration); from Table C-1

3. (atmospheric emission rate); = (penetration);(consumption rate),
: (ESP efficiency ratio)/100

(AER. ug/joule); = (penetration)i ({C;)}(F)/(P/np), ug/joulél
{1-ngsp)/1(1-0.97))

] For the typical plant a representative coal from Kentucky was chc':sen.lo
fl Trace element concentratlons of this coal are listed as follows: :
' Element Concentration (ug/g)

As 4,1

Be 2.2

Cd 0.1

Mn 21.0

Pb 4.3

Se L5

To find the atmospheric emission rates for the trace e!ements, the followmg
information is used.

|4 = 5 x 108 watt

1 = 35 percent

FP = 5.15 x 10% g/sec
TIESP = 99.5 percent
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Table C-1. Penetration of Elements Contained in Particles Emitted
From .an ESP-Equipped Coal-Fired: Generating Unit (%) -

B : LS RE

E

E£lement ESP unit? - . .. Element E£SP_unitd
Al 1.1 2 0.1 Mo 5.1 #1.2
As 11.5 % 3.0 Mn 1.6 £0.5
Ba : 40+ 0.8 - Na 1.55 % 0.09
Be 0.9% 0.3 Pb 5.5 21,1 -
Br 0.14 + 0.08 - Rb - 1.32 0.1
Ca 1.3+ 0.2 Sb 7.7 £0.7
Cd 8.8 3.0 B Sc 1.46 = 0.06
Ce 1.29 £ 0.09 ‘Se 7.7+ 0.8
Co. 2.5+ 0.3 - 7 - Sr 2.02 0.3
Cr 3.8+ 0.3 Ta 1.3 201
Cs 1.2+ 0.2 .- . Th 1.32% 0.08
fe 1.32 £ 0.09 - ' . Ti 1.51 £ 0.03
Ga 4.4 £0.7 o ‘v -3.7% 0.4
In 5.4 £ 0.7 ) H B | 3.7 £ 0.6
K 1.0 £0.3 : W 7.2 £ 2.2
La 1.29 = 0.07 . . In 6.3 0.8
Mg 1.2 £ 0.4 S Ir 1.4 20.3

3 Number of sampies ‘.was‘e'fght unless otherwise.indicated.

The atmospheric emission rate. for .arsenic .is. therefore:

L (AER)pg = [&penétratfbths'(cAs)(F)][I:EFP-I

[+]
- [gg;115)ga.l gg/gg§§.1s‘x 104 g4sll[liP'?95l

= 2.83 x 10-6 ug/J

On a daily basis, -

< 0.77 b/day

' 2.83 x 106 4,g/J)(1.055 x 103 J/Btu)(0.117 x 1012 Btu/day)}(1 x 106
(AER)as = 54 x 102 g/Tb
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Daily atmospheric emission rates for the trace elements are as follows:

Ib/day at 100% Ib/yr at 80%
Element capacity factor capacity factor
As 0.77 ' 225
Be 0.03 9.3
Cd 0.01 4,1
Mn ‘ : 0.55 161
Pb 0.39 ' 114
Se 0.19 56
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Blowdown

Bottom ash

Capacity factor
Circulating water

Cooling tower drift
loss

Cooling tower
evaporation loss

Dead storage

Discount rate

Electrostatic
precipitator

Escalation
Flue gas

Flue gas
desulfurization
scrubbers

Fly ash

Fugitive emissions

GLOSSARY

Water that is periodically removed. from either the

cooling towers or the coal-fired boiler to prevent
concentration of total dissolved solids.

Noncombustible residues of coal combustion that
are collected and removed from the boiler.

The actual plant output in a year divided by the
output that would be achieved if the plant were to
operate at 100-percent power for 365 days/year.

Water supplied to the main condenser in the

generating plant that is cooled by the cooling
towers.

Aerosols of water that are lost in the atmosphere
from the cooling towers.

Circulating water that is evaporated as a result of
heat transferred from the circulating water system
and lost in the atmosphere via the cooling towers.

Long-term storage in which the coal is typically
compacted and sealed. :

A factor in formulas used. for analyiing the time
value of money., Its magnitude depends on the
cost of capital, financing schemes, etc.

Environmental control device used to remove a high
percentage of the fly ash in the flue gas.

Increases in cost of equipment, materials, labor,
etc., as a result of inflation.

Gases generated from the combustion of fossil fuel
in the boiler.

Environmental control device used to remove a high
percentage of the sulfur dioxide in the flue gas.
Noncombustible residues of coal combustion that

are carried out of the boiler in the flue gas.

Unintentional emissions, such as blowing dust from
a coal pile,
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Net station heat rate
Q)

Pyritic-material
Recycle water

Run-of-mine coal

Sludge

Amount of fuel input (in Btu) necessary to
generate 1 kWh of electricity,

Metallic compounds of sulfur naturally occurring in
coal,

Water that is collected, treated, and reused at the
power -plant,

Coal as it comes from the mine prior to sizing or
other preparation.

Wet residue of lime/limestone and sulfur that is
generated in the flue gas desulfurization unit.
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AER;
As

Btu -

CaS03

Cd

Ci

Ci
“CO

CO

DOE

ECIR

EPA

kWh
{b
mg
MWe
MWt
NRC
NSPS
Pb

ROM

ACRONYMS AND ABBREVIATIONS

. uh content in coal - s
“‘atmosphenc emission rate of trace element i

arsenic
beryilium’

British thermal unit

carbon

limestone

cadmium

curie

concentration of trace element i
chlorine

_ carbon monoxide
carbon dioxide "™

copper
Department of Energy

Environmental Characterization Information Report
overall thermal efficiency of plant

overall efficiency of electrostatic precipitator
Environmental Protection Agency

electrostatic precipitator

feed rate of coal

iron

flue gas desulfurization

gram

gallon

hydrogen

hectare
hydrocarbons

joule

kilogram

kilowatt-hour

liter

pound

milligram (10-3 gram)
micrograms (10=% grams)

manganese

megawatt - electrical

megawatt - thermal

nitrogen oxides

Nuclear Regulatory Commission

New Source Performance Standards

oxygen

net power dehvered to the transmission grid
lead

heat content of. coal

net station heat rate

- run-of-mine
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S

Se
50,
te
TSP
TSS

VBA

WBLOWDOWN
WDRIFT
VEvap

YEGD
WHAD

Vrow
Wvap

second

sulfur

selinium

sulfur dioxide

tonne

total suspended particulates (air)

total suspended solids (water)

total makeup water requirements for bottom ash
handling

amount of cooling tower blowdown

amount of drift loss from cooling tower

amount of evaporation loss from cooling tower
makeup water for dust control of SOy scrubbers
amount of water needed for bottom ash handling
and disposal _

total makeup water requirements to the cooling
towers

amount of evaporation loss from bottom ash hopper

*UeSs GOVERNMENT PRINTING OFFICE : 1980 O=311-678/261
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