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EXECUTIVE SUMMARY

INTRODUCTION

Under grant from the Office of Energy Research and Develop
ment Policy of the National Science Foundation the General Electric

Company carried out generalized assessment of the energy parks
or energy centers concept in comparison with the conventional prac
tice of dispersed distributed siting of electric generating plants
The study was accomplished during the period July 1974 through
May 30 1975 by several General Electric Company components
select panel of the National Academy of Public Administration and two

engineering subcontractors Braun Co and Nuclear Services

Corporation Consultation with railroads labor utility and engineer
ing organizations provided valuable information and insights reflected
in the conclusions and recommendations of this report

The overall objective of the study was to examine and compare
the technical economic environmental and institutional issues related
to the energy park concept and to identify the obstacles benefits and
penalties that would result if the concept were adopted Concomitant
objectives were identify major research and development needs
both technological and institutional and identify possible approaches
to resolution of significant policy issues associated with the energy
park concept The time frame of the study assumes initial generating
unit start-up in 1985 and completion of construction about 20 years
later

The reference energy parks of this study consist of either 20
nuclear light water reactor units each generating 1300 megawatts-
electrical MWe for total of 26 000 MWe or 24 fossil coal units
eight each of 885 MWe 1075 MWe and 1320 MWe for total of

26 240 MWe The progressively larger fossil units reflect expected
growth in fossil generating facilities during the period covered by the

study The selected total capacities are larger by factor of four or
five than several evolving multi-unit generating plants and represent
sizes that should reveal the potential issues problems and advantages
associated with the energy park concept
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The dispersed sites used in the comparative assessments each

have roughly one-tenth the capacity of park 2600 megawatts in

nuclear case 1770-2640 megawatts in coal-fired cases They are

representative of large current power plant installations located near

load centers

The study was undertaken on non-specific site basis Energy
park and dispersed site locations that are indicated in the report are

intended to be illustrative in nature Only direct comparisons between

nuclear parks and nuclear dispersed sites or fossil parks and fossil

dispersed sites delivering the same total electrical output are made
No cross -comparison or evaluations between fossil and nuclear genera
tion approaches are intended or attempted

It should be noted that no conclusions are reached nor intended

regarding the number or size of energy parks that might be considered

for the It is recognized that there can be alternative ways not

necessarily mutually exclusive of supplying the electricity needs of

different areas or sections of the nation Any decision reached as to

the approach that might be taken under given set of circumstances

is dependent on broad spectrum of factors the more significant of

which are examined in this study on generic basis

fundamental factor related to the future need for electric

generating capacity is the projected requirement for electricity While

it is recognized that such projections are uncertain complex and even

controversial and require continuing investigation and analysis no

significant attempt was made in this study to carry out such investiga
tion and analysis Where any particular reference is made to future

demands the projections used are in the range of currently available

analyses In essence the basic assumption is made that future

requirements for electric generating capacity will be such that the

concept of energy parks represents an alternative for provision of

needed electrical energy

The study was conducted on the basis of generally current or

readily forecasted technology Recognizing that number of advanced

technological developments could have significant implications in the

implementation of energy parks the possible role of certain advanced

technologies in energy park development was addressed in an overall

way The intent was to identify advanced technologies which could

reasonably be expected to reach commercial maturity in time for

inclusion in first generation energy parks and to identify those techno

logies which may warrant more intensive evaluation in subsequent

energy park investigations
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An interim report on the study was submitted to the National
Science Foundation Office of Energy RD Policy on October 25 1974
That report was the basis for presentation to the NSF Advisory
Committee on Energy Facilities Siting on November 20 1974 This
final report attempts to reflect the major points brought out in the
discussions of the Advisory Committee The benefit of those discussions
is gratefully acknowledged

Note is made of continuing investigation and analysis under
Section 207 of the 1974 Energy Reorganization Act of this subject
particularly by the Nuclear Regulatory Commission It is believed
this current report represents useful contribution to the existing
information on this subject and provides useful base for needed follow-
on work Such work is clearly required to provide the foundation for
sound policy development planning and decision-making that must
accompany consideration of the energy park concept by the government
the electric utility industry and the public

The study was divided into nine interrelated and coordinated
tasks

Task Development of energy park element data

and information unit planning factors

and unit cost models

Task Energy parks layouts andresources
requirements

Task Analysis of transmission requirements
and transmission technology alternatives
and evaluation of systems reliability for
both parks and dispersed siting

Task Evaluation of fuel cycle integration in the
nuclear energy park concept

Task Evaluation of the collocation of industry
with energy parks

Task Delineation and analysis of alternative

resolutions of major institutional social
financial and legal issues associated with
the energy park concept
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Task Overall consideration of environmental

issues related to energy parks

Task Consideration of role and relation to

advanced technologies to energy parks

Task Comparative assessment of energy park

concept versus conventional dispersed

siting of electric power generating plants

and associated facilities

Tables ES-i through tabulate the salient features and econo
mic results for energy parks and dispersed sites both fossil and nuclear

SUMMARY OF MAJOR CONCLUSIONS AND OBSERVATIONS

The following statements comprise the major conclusions and

observations resulting from the study

No clear-cut technical or institutional veto to the nuclear

energy park concept evolved from the study The analysis indicates that

energy centers are technically feasible with some question remaining on

the potential for adverse meteorological effects with probable economic

and other benefits Practical issues principally institutional exist but

should be resolvable with resulting benefits possible Although some
institutional changes are believed to be required to meet future energy

requirements they may be more readily achievable if the nation sets

policy to include energy centers as an approach to electric power genera
tion

Nuclear parks compared to dispersed sites look promi
sing More detailed and extensive analysis and evaluation on site-

specific basis is justified to more specifically define the difficult

problems that have to be solved to successfully implement the concept

at given location The solution of these problems should not overlook

the need to provide some flexibility in design and installation of energy

park facilities much like that available on dispersed sites as result of

diversity of generation additions While such flexibility runs counter to

the thrust of standardization it is believed pratical to plan some flexi

bility in schedule equipment and system details without nullifying the

overall economic incentive for nuclear parks as found in this study

Use of an on-site factory and modular production-line

type construction indicates potential for nuclear generation plant

capital cost savings of the order of 25% in the reference park compared
to dispersed sites used in the study Similarly some savings 5% or
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Table ES-i

SUMMARY COMPAR IS ON

NUCLEAR PARK VERSUS DISPERSED SITES

ITEM UNIT PARK DISPERSED SITES

Each Total

Generating Units No 20 20
Unit Sizes MWe 1300 1300
Generating Capacity MWe 26000 2600 26000

Land Requirements
Generation Plant Acres 1900 500 5000
Heat Rejection System

Cooling Towers Acres 4100 410 4100
Cooling Ponds Acres 39000 3900 39000

Transmission Right of Way Acres 67600 2100 21000
Water Requirements

Cooling Towers 106 acre ft/yr 28 028 28
Cooling Ponds 106 acre ft/yr 0.35 0.035 0.35

Labor Requirements

Construction 106 man-hours 153 21.4 214
Operation Maintenance No people 1400 175 1750

Unit Construction Time Months 51 66
Transmission Voltage kV 765 345-765 --

Average Transmission Distance Miles 175 25

Re.ated principally to transmission distance
Shorter transmission distances are not precluded



Table ES-2

SUMMARY COMPAR IS ON

COAL-FIRED PARKS VS DISPERSED TES

ITEM UNIT PARK DISPERSED SITES

Each Total

Generating Units No 24 24

Unit sizes MWe 8851O75132O eame same
Generating Capacity MWe 26240 1770-2640 26240
Land Requirements

Generation Plant Acres 1300 450 5400

Heat Rejection System

Cooling Towers Acres 2160 180 2160

Cooling Ponds Acres 26000 2170 26000

Transmission Right of Way Acres 68200 1750 21000

Fuel Storage Acres 600 50 600

Waste Disposal Acres 13400 1120 13400

Water Requirements

Cooling Towers 1o6 acre-ft /yr 21 014-0 021 21

CoolingPonds 106 acre-ft./yr 0.25 0.017-0.025 0.25
Coal

Quantity Tons/day 178000 14800 178000
Unit Trains No /day 72 72

Average shipping distance Miles 350 350 350

Labor Requirements

Construction 10 manhours 149.5 14 2-17.6 192.1

Operation Maintenance No people 1900 225 2700

Unit Construction Time Months 48 51

Transmission

Voltage kV 765 345-765

Average distance Miles 175 25

Wastes
S02 Tons/yr 680000 57000 680000
Ash c.f./yr 3.9x108 3.3x107 3.9x108

Sludge c.f 4.5x107 3.8x107 4.5x108

Unit capacities in parks and dispersed sites progressively increased in three stages

Based on 75% capacity factor 5% 12% ash coal 80% SO2 removal



Table ES-3

SUMMARY COMPAR ISON

NUCLEAR PARK VERSUS DISPERSED SITES

ESCALATED COSTS $BILLIONS unless otherwise noted

ITEM UNIT PARK DISPERSED SITES 10
Installed Capacity MWe 26000 26000

Capital Costs

Generating Plants 27 71 37 03
Transmission 2.99 1.19
Land .33 .13

Total 31.03 38.35

Total Capital Costs $/KWe 1195 1475

Total Interest during Construction 39 16

Revenue Requirements

Generating Plants 87 47 115
Transmission 10.84 4.08
Operation 84.34 81.12

Total 182.65 201.1

Power Production Costs1985-2005 mills/KWHR 32-68 30-73

Analysis Bases Plant Capacity Factor 75%
Fixed Charge Rate 16% Discount Rate 10%
Escalation Rates 6%/yr labor 5%/yr materials
Interest during construction 8%
Land inflation rate 5%/yr
Average transmission distance from park 175 miles

from dispersed sites 25 miles
Modular construction on-site factory for park
Cooling tower heat rejection system



Table ES-4

SUMMARY COMPAR SON

COAL-FIRED PARKS VS DISPERSED SITES

ESCALATED COSTS $BILLIONS unless otherwise noted

ITEM UNIT PARK DISPERSED SITES

Installed Capacity MWe 26240 26240

Capital Costs

Generating Units 33 86 39 42
Translaission 3.62 1.44
Land .43 .23

Total 37.91 41.09

Total Capital Costs $/KWe 1450 1566
tn

Total Interest During Construction 15 7.05

Revenue Requirements

Generating Units 91.35 105.03
Transmission

10.82 4.07
Operation 182.2 182.9

Total 284.37 296.00

Power Production Costs 1985-2005 mills/KWhr 45-12 41-130

Analysis Bases Plant Capacity Factor 75%
Fixed Charge Rate 16% Discount Rate 10%
Escalation Rates 6%/yr labor 5%/yr materials

Interest during Construction 8%
Land Inflation Rate 5%/yr
Average Transmission Distance .- from park 175 miles

from dispersed sites 25 miles

Cooling tower heat rejection system



more are anticipated for smaller sized parks at least down to 10 000
MWe rating The importance of standardization of units is emphasized
most particularly that they should all be of one reactor family LMFBRs
HTGRs or LWRs Preferably they should also be of the same design
class and rating 13 000 MWe BWR/6s etc and with the same
turbine building and complete plant layout and systems and equipment
design Departure from this level of standardization to provide flexibi
lity beyond that of minor equipment specification change or correction
of design errors or construction refinement may well jeopardize relevant
portions of the cost economy related to repetitive or learning curve
improvements This would leave only the economies resulting from the
move from field conditions to the better working conditions of shop faci
lity or on-site factory The major savings which accrue from shifting of
construction labor from the field construction site to the on-site modular
factory combined with benefits from repetitive work sequences learning
curve result in an increase in productivity by factor of to

While the same standard units but no modular factory or production line

construction were assumed for the equivalent dispersed sites indirect
costs design engineering would be higher because of the differences
in site specific factors related to the balance of plant Also the question
of construction schedule shortening and labor reduction at succeeding
dispersed sites with standard units depends on non-quantifiable factors
such as similarity of site conditions and availability of previously experi
enced construction labor and construction management

In terms of total revenue requirements to the time when
the first operational unit is decommissioned assuming conservatively

30-year unit life the 26 000 MWe nuclear park showed about 10

percent saving over the 10 two-unit dispersed sites of total equivalent
capacity In the coal-fired case this savings was about three percent
and reflects both the degree of modularization already associated with
large fossil-fired units and the use of three successively larger unit

capacities 885 MWe 1075 MWe 1320 MWe in the park and dispersed
sites over the 20-year construction period

The use of standard unit essentially replicated 20 times
over 15- to 30-year period would involve important considerations of
long-term commitments by customer and vendor The observation
that the use of an on-site factory and modular construction is economi
cally beneficial compared to two-unit dispersed sites for about six
units could alleviate the potential problems of long-term commitments
application of technological improvements and possibly anti-trust
considerations This again implies some flexibility to be achievable
both with regard to the number of units and their line sequencing

somewhat longer interval between plant starts 18-24 months being
more practical than the converse however
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Integration of the nuclear fuel cycle nuclear parks

provides advantages for special nuclear materials safeguards and

security in that off-site transportation of these materials would be

minimized The concept of plutonium-burning light water reactors

associated with fuel reprocessing and fuel fabrication facilities in an

energy park appears promising from the standpoint of coupling with

dispersed site LWRs and having all plutonium handling and recycling

confined within the park

Transmission of bulk power from the reference park can

be achieved with current technology 765 kV AC

To the extent the park is further from the load centers

transmission costs are higher for the park than for the equivalent

dispersed sites An average incremental cost of $14 per kW per 100

miles is indicated for 765 kV AC transmission

The reliability of electric power supply from parks and

dispersed sites is comparable

10 Industrial collocation near nuclear power facilities may
be economically beneficial principally because of the low nuclear fuel

costs compared to fossil fuel costs The significant requirement is

two or more process energy supplying units to assure continuous supply

to the collocated industry

11 Environmental considerations of water supply air

pollution control coal case thermal effluent control and climate

effects tend to favor dispersed sites The potential for undesirable

climatic effects other than small changes in surface temperature
cloudiness and precipitation requires much more research and analysis

on site-specific basis for adequate assessment

12 Air pollution control requirements with current tech

nology present constraints on the size capacity of coal-fired park

Dependent on the implementation of the no significant deterioration

regulations under the Clean Air Act veto on large coal-fired parks

is conceivable

13 Logistical problems of coal supply also appear to present

limitation on the size of coal-fired park

14 Among the array of institutional problems that would

have to be solved in order to implement the energy park concept the

issue of multi-level government organization that would have to be

developed appears the most difficult The need for regional structures

involving federal initiatives and support and major state involvement

is strongly indicated
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15 The NAPA Panel noted that at the present stage of

investigation into the broad range of institutional considerations

opportunities for potential benefits realizable through the energy park
concept appear to outweigh the potential disadvantages by substantial

margin

16 Initial discussions with union officials indicate posi
tive labor reaction to the energy park concept Existing labor struc
tures do not preclude implementation of the concept

17 Strong federal initiatives are essential for implementa
tion of energy parks The federal government should initiate actions

ranging from resolution of nuclear fuel cycle uncertainties to finaicial

support and land supply in order to develop demonstration parks
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SUMMARY OF REQUIREMENTS FOR FURTHER RESEARCH
AND DEVELOPMENT

One of the objectives of the study was to identify requirements

for further research and development to advance the energy park

concept if the concept appeared viable During the course of the work

it has become clear that almost every aspect of the concept requires

more detailed and extensive analysis and evaluation before the concept

could be implemented It was recognized at the outset of the study

considering the limitations of time and resources available and the

very broad range of technical and institutional issues involved that

such follow-on work would be necessary The initiation of the exten

sive Nuclear Energy Center Site Survey by the Nuclear Regulatory

Commission as required under Section 207 of the Energy Reorganiza
tion Act of 1974 is an important step in this regard It appears

essential that complementary engineering environmental policy

research and development programs under auspices of the Energy
Research and Development Administration and other federal agencies

be carried out to provide an adequate base for future planning and

decisions relative to the energy park concept

Summarized below are the significant follow-on efforts and

major research and development requirements identified by the study

The results of this study should be reviewed and critiqued

on detailed basis by selected utilities federal state and regional

organizations in order to develop more detailed bases for system

and site-specific analyses Such site-specific analyses are essential

for full definition of specific questions associated with park develop
ment and alternative scenarios for such development This is particu

larly the case with respect to environmental considerations but applies

also to the whole spectrum of issues associated with the concept

Public interest groups should similarly be involved in such

review and critique in order to build adequate public understanding and

evaluation of the park concept The functioning of the NSF Advisory

Committee on Energy Facility Siting is useful initial step in

implementing this and the previously noted follow-on activity

More detailed engineering analysis and development related

to standardized unit design engineering and manufacture should be

carried out This requirement includes engineering analysis of module

design fabrication and assembly and the design and engineering of the

on-site module factory The potential for savings in utility licensing

and.construction programs appears high but the costs and advantages
of various siting and construction options need to be better defined
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The use of plutonium in converter systems plutonium-
burning reactors including both LWRs and HTGRs justifies research
and development effort beginning with design feasibility studies The
potential role of such systems in park context is of particular signifi
cance from the standpoint of minimization of off-site transportation
of special nuclear material

There currently exists high degree of uncertainty regarding
the back end of the nuclear fuel cycle in terms of demonstrated

systems and costs While large part of this uncertainty stems from
lack of defined regulatory requirements it is apparent that not only is

technical research and development required but the need for much
more extensive federal participation in policy resolution and technology
demonstration is intensifying

In the coal area the study corroborated the need for
massive RD efforts throughout the coal cycle from mining through
conversion to clean fuels and/or clean combustion processes to coal

transportation systems and waste management systems The coal-fired

park concept puts the coal-related problems into much sharper focus
since the development of higher capacity mining techniques moderniza
tion of transportation systems production of acceptably clean fuel

and efficient effluent control systems will strongly control and determine
the effective and extensive use of coal for electric power generation
in dispersed sites as well as energy parks

RD in improved transmission technologies is being carried

out through EPRI ERDA and other sponsors While the study did not

disclose the need for technological breakthroughs in this area it

verified the need for work on high capacity overhead and underground
power delivery technologies These technologies include UHV ultra-

high voltage overhead systems 1100 kV and above EHV 345 kV and
above underground systems and HVDC Research in UHV would enable

optimization of delivering systems even at the 765 kV level just as
765 kV research has improved 500 and 345 kV system design Develop
ment of current-limiting breakers would permit increased electrical

interconnection within energy parks reducing the number of circuits

required for reliability Also the development of one-cycle breaker
would have specific application to longer transmission lines by allowing
increased line loadings without adverse impact on system stability
The need for more extensive analyses of the technical and economic

aspects of increased regional interconnections was also indicated

Further analyses are required of number of considera
tions related to industry collocation Included are the impact of col
location on the total utility generating capability required compared to

that required if industrials generate by-product power and transporta
tion of raw materials to and products from collocated industrial opera
tions
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Environmentally related RD has as one of its major
thrusts the importance of site-specific information and data to provide
the necessary bases for required quantitative evaluation The study

pointed up the need for further work on improved heat rejection systems
including dry towers multiple cooling tower plume interaction and

behavior interaction of cooling tower plumes with stackeffluents and
the meteoroingical aspects of potential climatic effects of large heat

releases The latter area was believed to be of particular significance
because of the rudimentary state of knowledge and the potential con
straint on energy park location and size it might represent

10 RD in advanced energy-related technologies is being
pursued on broad front by number of government and private organi
zations In the context of the energy park concept those technologies

having particular significance include advanced regenerative flue gas
desulfurization systems fluidized-bed coal combustion with in-bed
sulfur removal systems and hot gas clean-up as required clean fuels

from coal low-cost high capacity hydrogen production and lower
cost HVDC terminal equipment Plutonium-burning in LWRs has
been noted previously and its potential in HTGRs should also be investi

gated

11 The whole spectrum of institutional issues clearly requires
much more intensive policy research both on generic and case basis
Further policy analysis on the myriad of institutional issues including
alternative governmental and private sector organizational structures
alternative mechanisms for equitable distribution of costs and benefits
the role and impact of an energy park development on community or

population center development and development of labor relations

approaches is clearly required While as indicated such further

research on generic basis is important the possibility of case

approach involving specific existing government institutions in state
or region Pennsylvania energy park proposal and specific

utility systems would appear to be of particular value

12 In carrying out the comparative assessment of energy
parks vs dispersed sites the desirability of more extensive analyses
was indicated Additional sensitivity and trade-off analyses related to

coal transportation modes heat rejection systems and other factors

on more site-specific basis would be of value Further treatment
of energy park size in relation to modular construction and use of an
on-site factory is of interest Finally the development of more
comprehensive overall energy park vs dispersed sites cost-benefit

analysis structure also appeared to be useful subject for further

effort
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TASKS AND DATA DEVELOPMENT AND SITE
CONFIGURATION

ns Unit sizes of electric power generation and associated equip
ment used throughout the study were selected to reflect current
engineering and manufacturing estimates of the largest reliable

equipment likely to be used in the time period of the study Cost and
quantity estimates for equipment land labor fuel etc and likely
savings resulting from multiple unit planning and construction were
assembled from numerous authoritative reports and company sources
adjusted to January 1975 cost basis

Li- The three fossil-fired unit sizes selected 885 MWe 1075 MWe
and 1320 MWe reflect balance between reliability of generation equip
ment and economies of scale of large generating units Nuclear units
all of 1300 MW reflect the maximum reactor size permitted by regula
tory agencies and is assumed to remain fixed during the construction
planning schedule of this study Successive units are assumed to

become operational at one-year intervals an intermediate choice
between 9-month or 18-month capacity addition schedules that appear
reasonable Natural draft evaporative cooling towers were used for
all generating units for comparative evaluations but costs of other
cooling modes are included in the report

Land requirements for energy park generation sites range from
6000 to 42 000 acres depending upon the cooling mode and waste
disposal requirements Land requirements for transmission depend
directly upon the assumed greater average transmission distances for

energy parks and strongly dominate total land needs Future institu
tional pressures forcing dispersed generating facilities to more remote
locations will diminish the large land and cost penalty associated with
long distance power transmission from energy parks

Savings in labor material interest and front-end costs resulting
from modular fabrication and construction techniques quantity purchases
of materials and equipment more stable labor force standardization
of facility designs shorter construction times and integrated support
and maintenance procedures are assumed Engineering estimates of
the magnitude of those savings are represented by multiple unit relative
cost factors for direct and indirect cost elements and are appropriately
applied as multipliers to the costs of second and succeeding units in
both dispersed site and energy park analyses The table below summa
rizes the factors that were developed and used
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TABLE ES-5 MULTIPLE UNIT RELATIVE COST FACTORS

Nuclear Dispersed Sites

Unit No Direct Labor Mati Equip NSSS Indirect

1.00 1.00 1.00 1.00

0.94 0.95 0.97 0.72

In the construction of each subsequent dispersed

site these unit factors would be repeated for the

first and second units installed

Nuclear Energy Park

Unit No Direct Labor Mati Equip NSSS Indirect

1.00 1.00 1.00 1.00

0.96 0.93 0.97 0.72

0.93 0.91 0.95 0.65

0.93 0.90 0.95 0.61

5-20 0.93 0.90 0.95 0.61

Achievement of these estimates depends upon

adoption of standardized plant for all nuclear

units An additional indirect cost of 21.5

million dollars is incurred at the 9th and 15th

plant when the on-site factory is moved to faci

litate construction

Fossil Dispersed Sites

Direct Indirect

Unit No Labor Materials Labor Materials

1.00 1.00 1.00 1.00

0.91 0.92 0.60 0.88

In the construction of each subsequent dispersed

site these unit factors would be repeated for the

first and second units installed

Fossil Energy Park

Direct Indirect

Unit No Labor Materials Labor Materials

1.00 1.00 1.00 1.00

0.88 0.91 0.75 0.89

0.85 0.86 0.65 0.98

0.80 0.82 0.60 0.67

5-8 0.77 0.80 0.60 0.60

Eight each of three different sizes of fossil

units are proposed 885 MWe 1075 MWe
and 1320 MWe The cited relative cost factors

are effectively repeated for each group of eight

units installed

NS5S Nuclear Steam Supply System
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In the case of fossil parks there appear to be major problems
with regard to fuel supply waste disposal and environmental impact
Large fossil energy parks requiring on the order of 65 million tons of
coal per year may be impractical because of the logistical limitations
in handling fuel and waste materials The latter sludge and ash
could total 750 million tons over the park lifetime if non-regenerative
stack gas scrubber systems are installed to remove sulfur from
effluent gases All modes of bulk material transport must be improved
or developed to handle the coal scrubber feed and waste products
The large capital investments required for fuels and materials transport
are not included in the reported costs for fossil parks

Two basic sets of EPA air standards apply ambient air quality
and national emission standards Most can be met by large fossil

energy parks except for the significant constraint represented by
short-term sulfur dioxide emissions For each unit sulfur dioxide
must be reduced 60-80% below emission standards 98% scrubber
efficiencies before the park as whole can fully meet air quality
standards

These considerations indicate that the optimum size of fossil-
fueled energy park will be smaller than 26 240 MW but larger than
two unit 2640 MW installations Construction economies resulting from
on-site modular fabrication and incremental cost efficiencies of multiple
unit construction factors appear to be obtainable in smaller fossil
installations Additional optimization analyses seem appropriate to

take advantage of these results whether or not the utility industry adopts
the large fossil energy park concept

TASK ELECTRICAL TRANSMISSION

There appear to be no technical problems preventing power
delivery from energy parks Energy park generating units will probably
be grouped into thriee to five electrically isolated power sources to

limit short circuit currents to controllable levels Overhead trans
mission would require nine to fifteen 765 kV AC circuits judged to be
the most economical voltage level for the 175 mile average transmission
distance derived this study

The physical and electrical separation of power sources
switchyards and transmission circuits can restrict electrical power
disruptions to single units transmission lines or generation groups
under all reasonably probable conditions of electrical faults Since
each 765 kV transmission circuit can handle over 5000 megawatts of
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generating capacity the provision of dual 765 kV circuits for each

generating unit group and the ability to connect various switchyards in

the energy park if desired promises power delivery reliability at

least equal to dispersed siting of equal capacity

As energy parks develop total regional electrical generation

capacity is similarly expected to grow The loss of an entire power
group 5200 MWe in an energy park in 2000 AD would present about

the same manageable power redistribution problem in terms of

percentage power loss as we experience today Though the absolute

magnitude of the power loss would be greater the relative loss within

the power distribution region should be below expected generating

reserve capabilities

Remote siting of power generating facilities whether in energy

parks or dispersed sites imposes an additional cost of about $14 per
kW for each 100 miles of transmission distance This study assumes
remote location of energy parks compared with dispersed sites 175
miles vs 25 miles average transmission distances The additional

transmission costs charged to energy parks is associated directly

with the different assumed transmission distances rather than

differences in technology or equipment Alternate transmission tech

nologies such as HVDC cryogenic cables and submarine cables along

existing waterways will have negligible impact on the economic com
parisons at the transmission distances assumed However land area

savings up to 36% in transmission right-of-way may be possible with

HVDC but higher terminal costs tend to overcome the lower land costs

at these shorter transmission distances

Any improvements in power transmission technology will have

beneficial impact if remote siting is assumed One-cycle versus

two-cycle circuit breakers which would allow increased transmission

line loading and current-limiting breakers which reduce the number
of lines required by park are two important technological develop
ments that would benefit energy parks

On the whole the transmission system advantages all accrue
to close-in siting of electrical generating facilities If energy parks

are judged desirable for other reasons safety cost etc no signifi

cant technical problems would preclude reliable electrical trans

mission service from parks
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TASK NUCLEAR ASPECTS
in

The presently developing nuclear industry is reviewed
as representative of dispersed mode generation and support facilities
It is reviewed in the light of recent regulatory developments

ri

continuing unclosed fuel cycle no plutonium recycle and continuing
rise in construction costs in particular Those aspects of the nuclear
industry which could potentially be affected by adoption of park or
integrated facility development in the future and the impact of plutonium
recycle concepts are identified and the more pivotal of these evaluatedLifl

The assessment is conducted recognizing the importance of integrating
any potential future park type development with the presently existing
and concurrently developed dispersed mode The evaluation is

encumbered by the long time scale for implementation of parksgy
typically through the year 2015 This makes for great uncertainty
and the need for maximum flexibility in any park plans

Two positive aspects of parks as an alternate to dispersed
generation appear to be the potential for closing and integrating por
tions of the fuel cycle and the possibilities for significant construction
economies in multi-unit light water reactor LWR facilities Less
clearly definable impacts include the effects on nuclear facility

licensing site acquisition facility ownership and operating organiza
tion structure These predominantly socio-financia issues have been
pursued in some depth in Task of this study

ts
The conclusions of this task are that ultimately substantial

benefit to the nuclear fuel cycle and easing of the safeguards problem
might be derived from integration of spent fuel recovery and plutonium
fabrication facilities at one site

Still further benefit might be gained by the planned introduction
of dedicated plutonium burner or PuB type reactor parks with

integral reprocessing facilities to operate in conjunction with existing
and planned dispersed power generation facilities in the same region
or powershed All plutonium handling and recycle would then be
contained within the park No minimum feasible size for the proposed
PuB park has been identified however four-unit LWR site 5000
megawatts electrical MWe coupled with 500 metric tonne per year
MT/yr reprocessing facility and 10 to 15 nearby dispersed site LWRs
has been appraised Total capital commitments at single four-unit
PuB site might be held to under $3 billion in 1975 dollars

MT metric tonne 1000 kg 2205 lb
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Fuel processing costs in facilities with capacities of 500 to

1500 metric tonnes per year do not significantly decrease less than

mills/kWh as the facility size increases There may however

be an undesirable penalty in the loss of siting flexibility and restric

tion of diversity if only large reprocessing facilities receive regula

tory sanction On the other hand major construction economies may

only be attainable in large standardized and integrated parks Flexi

bility and security may be achieved through an initial 1975-1985

commitment to spent fuel storage with other stages of recovery
PuB reactor construction and plutonium recycle to follow as result

of active research and development of back-end fuel cycle problems

during the immediate future However the need for clearly defined

government policies goals and commitments regarding the fuel cycle

are important on timely basis so that rational industry planning

can be carried out in the very near future

Follow-on program requirements have been identified and

include more rigorous site- and system-specific studies particularly

modular construction economies and in-depth technical analysis of

the LWR plutonium burner concept and its detailed economic and

safeguards worth

Further definition of the many current regulatory uncertainties

and in-depth appraisal of the true magnitude of various elements of

the presently perceived safeguards threat are also necessary parti

cularly as organized pilfer while less spectacular than armed

intrusion is suggested as potentially more significant possibility

On the whole there appear to be no technical problems

preventing the construction of nuclear parks using essentially the

same approach as that developed for dispersed generation They may
require additional waste processing capability to handle the combina
tion of power generation and fuel cycle facilities to meet site as
low as practicablet ALAP environmental requirements No unique

reactor safety interaction problems between units are foreseen

TASK INDUSTRIAL COLLOCATION

The evaluation of the economics of collocation was based on

energy needs defined for the following industries pulp and paper
chemical petroleum refining petrochemical and steel These

industries consume large quantities of energy in the form of process

steam electrical power and in some instances fossil fuel for

New regulatory requirements with specific provisions for multiple

unit sites now being developed by NRC ALAR concept
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combustion in process Data was gathered to define the quantity
and type of energy required and economic comparisons between
utility and industrial heat sources were accomplished For indus
trials requiring large amounts of direct process heat heat required
above 800 and usually in the 1600 to 3000 range utilities do
not appear to be able to provide the energy levels required even
with high temperature gas cooled reactor systems

Potential utility steam sources not requiring major modifica
tions of turbogenerator units were found capable of providing extrac
tion steam at pressures and temperatures suitable for all of the
candidate collocated industries Economic comparison with indus
trial in-plant power generation indicates utility steam supply might
be advantageous for plants having small process steam demands at

at pressures in excess of 200 psig Lower pressure requirements
are more economically satsified by industrial self-generation

Of the fossil-fueled alternatives industrial generation of

electricity using non-condensing steam-turbine generators and sub
sequent process applications of exhaust steam is more economically
attractive than simple steam pressure reduction to process steam
requirements

Some economic benefits are obtaizable from industrial colloca
tion with nuclear sites primarily as result of low nuclear fuel costs
relative to the cost of fossil fuels Additional isolation and control

equipment associated with nuclear steam supply systems add some
currently indefinable cost and operating penalities that were not

completely assessed

In addition to comparisons of tangible cost factors other para
meters associated with industrial collocation require simultaneous
consideration

The ability to construct large industrial

complex at the same time and place as the

utility construction

The added environmental impact of collocated

heavy industries

The added transportation requirements
raw materials finished products etc to

support industrial operations

The impact of collocated power demands on
total utility power generation and delivery

capabilities
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TASK INSTITUTIONAL ISSUES

The institutional issues associated with the energy park

concept in comparison with conventional dispersed siting present

broad spectrum of highly complex interrelated questions of

organizational mechanisms regulation financial and soc jo-political

factors involving both the public and private sectors While resolu

tion of these issues appear to represent the most formidable obstacles

to implementation of the energy park concept none were deemed

insurmountable

The observations and conclusions resulting from the work by

the National Academy of Public Administration NAPA Panel are

those of the Panel They have not been edited by the General Electric

Company and GE does not necessarily share all of the views expressed

by the Panel

The NAPA Panel see Task in the report for membership
divided its assignments into five subject areas governmental

organization regulation organization for electric energy supply

finance and socio-political aspects

In the governmental organizational area the Panel observed

that the framework of existing governmental institutions is inadequate

for the rational development of new electric energy supplies whether

by conventional dispersed facilities or through parks The need was

identified for an agency at the federal level with clear responsibility

and authority for resolving the problems of meeting the natios

energy needs The implementation of the energy park concept with

its inherent ability to serve multi-state service areas will require

meshing of federal state and local government in more effective

process than any yet devised and requires the leadership of federal

energy agency referred to above While no exact or uniquely suitable

models of intergovernmental arrangements were revealed the

development of appropriate inter-state compacts with probably

required support from the federal government appeared to be one

reasonable approach park established under such compact

might be wholly privately financed and owned wholly publicly financed

and owned or financed and owned by mixed public and private

interests

Much more extensive and detailed policy research and analysis

is required in this area including for example consideration of the

relative roles of federal authority and responsibility and state public

service commissions
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Institutional and public policy issues related to economic
growth and natural resource use are integrally related to the

development of future electric energy supply systems The
essentiality of an increasing electric energy supply for growing
economy must be recognized At the same time the detailed
nature of the energy-economy coupling needs further continuing
examination taking into account the undesirable and unnecessary
risks of unrestrained and wasteful consumption of resources

In the light of the increasing trend towards comprehensive
land use planning early identification of electric generating facilities

and transmission corridor siting will be necessary Such site

selection should become joint responsibility of the electric utility
industry and the appropriate government authorities from the begin-
fling The siting of energy parks involves land use decisions at

higher than local levels Here once again the need for multi
state regional institutional mechanism that can balance all

competing demands for area resources is indicated

In the regulatory area the need for elimination or reduction
of overlapping and duplicative jurisdiction and regulatory authority
and responsibility at both federal and state levels among various
agencies was identified This need is independent of the park vs
dispersed site comparison In the case of nuclear plants the
situation was deemed particularly complicated To simplify the
present structure and licensing process consideration should be
given to elimination of hearings except when requested on

construction permit application the substitution of rule-making
or legislative-type hearings for adjudicatory hearings and restric
tions on the right of intervention with corollary that an adequately
staffed watchdog office be established within NRC to monitor and
critically review performance of the staff The Panel did not suggest
any limitations be placed on the right of judicial review

From regulatory and licensing standpoint the park concept
appears to offer the possibility of an improved process in comparison
to dispersed sites While the initial phase of the process would be
more difficult since the total park development would have to be
considered at the outset the process with respect to subsequent
units to be installed at the park presumably would be much simpler

The Panel believes that consideration should be given to

adjustment in the organizational structure of the electric utility
industry to more effectively meet the nations electric power needs
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Although the major share of the nations power capacity is private-

or investor-owned the industry includes varied array of coopera

tives municipals special districts several state systems and

number of federal agencies This diversity of institutions is

expected to continue but some combination in an energy park appears

possible or likely under certain circumstances

For utilities seeking to develop an energy park the most

feasible corporate form would appear to be jointly-owned genera

tion and/or transmission operating company in which the utilities

own shares in the new company in proportion to their share of the

parks output Irrespective of the park vs dispersed sites comparison

there is growing recognition of the advantages of provision of bulk

power supply under large regional organizations The energy park

concept is particularly dependent on such regional management

systems

While it is emphasized that the questions related to organiza

tional structure on the supply side require more intensive study it

seems clear that an increasing role for the federal government in

any development of energy parks is likely

The current outlook for the utility industry as it seeks to

finance plants to meet future needs tends to conclude that unless

there is change private financing of energy parks would be

extremely difficult It is generally anticipated that nearly two-thirds

of needed funds will have to be raised in capital markets In the

financial atmosphere prevailing today this does not appear possible

Hopefully this atmosphere will not continue over the long term

Indeed government involvement especially at the federal

level will likely be required to support the private sector in future

electrical generating facility development Such government support

could take the form of facilitating favorable interest rates modifica

tion in the tax laws to provide incentive for capital flow or even

government building of plant with lease-back to the industry for

operation

Socio-political considerations in the energy park concept

may well be critical determinant of the ultimate viability of the

energy park concept Among the key socio-political factors which

may be affected by an energy park are population distribution

community relations regional economic conditions regional political

and economic power structures and labor relations The Panels
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studies of issues connected with these factors did not surface any
indicators which would serve as an automatic veto of the energy park
concept Indeed the studies indicated number of potential benefits
that might be derived from the systematic planning that would bers
essential to energy park implementation For example the energy
park could be vehicle for achieving desirable ends in the distribution
of population well-planned land use and environmental protection
Again the need for site-specific analyses is noted as well as more
detailed and comprehensive research required in this area In parti
cular the need for further inquiry into the rationales and equity bases
and political mechanisms to allocate properly the costs and benefitsSOfl
of such major undertaking as an energy park is pointed out

The issue of lfi in the allocation of costs and benefits
associated with an energy park development was identified as an
important area requiring further study on location specific basis
While the issue exists for both parks and dispersed sites its dimen
sions in the park case are larger and more complex Equity in taxes
on large generation and transmission facilities with regional ramifica
tions and distribution of tax revenues is but one example of the issue
area The allocative mechanisms required to perform such functions
equitably obviously have political and social implications which may
well call for new rationales and procedures

The possibility of long-term stable labor force particularly
in connection with energy park construction has generally positive
implications This was observedthrough exploratory discussions with
labor union officials

Anti-trust issues of monopoly and monopsony single purchaser
nature bearing on the energy park concept have been examined In the
nuclear case anti-trust review by the NRC will include the access of
competitors to the generation capacity and associated transmission
facilities Although anti-trust questions are inherent in an energy park
undertaking it appears that they can be handled within the context of
anti-trust law

The question of effect of personal security requirements asso
ciated with an energy park on civil liberties was noted It is believed
that while care must be taken not to infringe on the civil rights of
persons either directly or indirectly with an energy park project this

question can be handled in an acceptable manner both with respect to
individual civil rights and security needs The question is applicable
to both parks and dispersed sites In the case of nuclear parks with
fuel cycle integration the more effective physical security possible
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would appear to offer possible advantages over equivalent dispersed

sites smafler number of people likely would require security

clearance for direct access to sensitive operations and perhaps more

sophisticated physical security systems associated with large park

installation could reduce the extent to which surveillance of individual

activity would be required While no detailed assessment of security

separation of construction areas and sensitive operating area was

attempted it is believed feasible to provide effective separation to

minimize the number of security cleared individuals requiring security

clearance and access to the operating or sensitive areas of the park

site

It might be noted that in informal discussions with labor union

officials they saw no significant problems in connection with worker

security clearances in relation to conditions of employment or

unacceptable impact on individual civil rights

From an overall institutional perspective the Panel concluded

that there appears to be sound argument for further consideration

of the energy park concept as one approach to the development of

electric generating capacity The Panel further noted that at the

present stage of investigation into the broad range of institutional

considerations opportunities for potential benefits realizable

through the energy park concept appear to outweigh the potential

disadvantages by substantial margin The need for more thorough

study and evaluation in many of these institutional areas is emphasized

TASK ENVIRONMENTAL OVERVIEW

Five major overall environmentally related considerations

of energy parks vs dispersed sites were addressed They were

land use aspects water supply availability air pollution

control thermal effluent control and climatic effects On

park vs dispersed sites comparative basis the general observati9n

is made that issues in all of these areas tend in the direction of

dispersed sites This tendency is due primarily to the larger

quantities of resources required at concentrated locations land

and water and the larger quantities of effluents and rejected heat

at single site associated with the park concept However this

observation should not be construed as an insurmountable obstacle
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to energy park implementation For example in the area of
effluent control particularly in the nuclear fuel cycle the concept
of concentrate and contain coincident with the park presents the
possibility of overall reduced environmental impact in comparison
to what might be loosely characterized as dilute and disperse
situation associated with dispersed sites

Total land requirements for equivalent generating capacity
are smaller in the park case This advantage is likely to be over
ridden by increased transmission right-of-way requirements with
the park due to its likely increased distance from load centers
From land use planning standpoint the larger in size but smaller
in number of sites required represents possible advantage in
the park case It is clear that the environmental and land use issue
are becoming increasingly and inextricably tied together Further
the land use planning and policy framework at various government
levels is an increasingly important arena in which environmental
issues will be debated and decided

The large quantities of water for consumptive use at singlelocation for an energy park 200 000-350 000 acre feet per year for
the reference 26 000 MWe park depending on cooling mode may well
represent significant constraint to park development at single
specific locations The overall estimated requirements for water
for electric power generation of about 10 to million acre feet
per year mau/yr by 1985 are estimated to be about to 10 percentof the total consumptive use at that time On this basis plus the
fact that total streamflow in the is about 1350 rnaf/yr one
might casually observe that physical availability of water is no
problem However because of the site -specific nature of the water
supply availability issue one cannot arrive at specific conclusions
on the basis of generalized assessments nor can one draw any
general conclusions from conditions at specific situation

The institutional situation related to water particularly in
the West is highly complex It involves compact agreements
water rights allocation and allotments and laws that must be
recognized in planning and development of water supply for electric
power generation Because of these institutional complexities and
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the lead times associated with water development it is essential that

planning horizons for water for energy be extended to the year 2000

and beyond Concomitantly it is essential that such planning be done

on coordinated basis with heavy involvement of state governments and ei

on specific basis in relation to identified energy development proposals

and water sources

Issues related to air pollution control relate heavily to coal- ti

fired parks and dispersed sites The independent requirements under

the Clean Air Act and the associated State Implementation Plans to

meet ambient air quality standards and source emission standards plus

the requirements for no significant deterioration present significant

constraints on the coal-fired park Depending on future interpretations

and implementation of no significant deterioration regulations even

the viability of the coal-fired park may be called into question These

regulations may well be used as vehicle or mechanism for land use

zoning The development of systems for cleaning coal clean combus-

tion of coal and advanced flue gas desulfurization is strongly justified

not only to minimize the constraints referred to above but also to

enable more effective use of our coal resources for electric power

generation generally

Provisions of the 1972 Amendment to the Federal Water Pollution

Control Act would appear to preclude for the most part once-through

cooling for large electric generating plants Accordingly closed cycle

cooling systems using ponds wet or dry cooling towers or combinations

will except possibly under unique circumstances be feature of an

energy park This does increase the consumptive use of water except

where dry cooling towers may be used in spite of penalties in cost and

plant efficiency and under some circumstances the environmental

trade -offs between increased water consumption and higher temperatures

in receiving bodies of water might have to be considered

Cooling system technologies as indicated above are available

for application to parks or dispersed sites In terms of environmental

impacts of the various cooling systems it appears that wet-dry tower

or wet tower-pond combinations could be satisfactory in either moist

or dry climates Development of more effective and efficient heat

rejection systems including dry towers is justified

The climatic effects resulting from the rejection of large

quantities of heat from an energy park may in some circumstances

be size-limiting environmental impact The specific climatic effects

of interest are increased cloudiness reduced visibility or fogging

increase in surface temperature increase or modification of
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precipitation patterns and possible initiation of severe local
weather phenomena In the reference nuclear park of 26 000 MWe
with 33% overall thermal efficiency roughly 50 000 MW of thermal
energy would be rejected If the cycle efficiency were about 40%als e.g HTGR or fossil units the heat to be rejected from park of
reference capacity would be reduced to about 39 000 MW The climatic
effects noted are dependent on the quantity and rate of heat rejection
the nature and configuration of the heat rejection system and the site
related meteorology Heat releases of this order of magnitude are
comparable to natural energy-related phenomena such as thunderstorms
and squall lines Accordingly it is suggested that the scalar level
of direct or noticeable meteorological effects might be comparable to
these natural phenomena in the order of 10 to 20 miles It is
not accurate to compare the heat releases from an energy park of the
size magnitude considered within the urban heat island situation
because of the greater heat flux per unit of area associated with the
energy park heat rejection systems On park using an evaporative
cooling system there are additions of both heat and moisture while in
the urban heat island situation there is generally moisture deficiency
in relation to the ambient atmosphere In general it can be observed
that energy parks in the range of capacity considered and dependingon the heat rejection system and its configuration might well resulton in climatic effects few degrees increase in surface temperature
small percentage increase in cloudiness and minor increases in preci
pitation that may be noticeable within the variations of local and even
regional climates Quantitative estimates are dependent on the specificsof heat rejection system design and site-specific meteorologic factorsSuch effects at these levels would appear to be generally environmentallyacceptable but it is not clear that this would be so

The question of whether or not in certain unstable meteorologicalconditions the heat release from an energy park could initiate more
severe meteorological phenomena such as waterspouts or tornadoes
involves the ability of large energy sources to concentrate large scale
vorticity into strong vortex Based on developed but untested criteria
it is clear that such possibilities must be carefully examined on thebasis of site-specific factors Further research and analysis in the
area of climatic effects of large heat releases is priority requirement

Although specific considerations of nuclear plant safety were notincluded in the scope of this study the existence of number of controversial issues regarding the safety-environment_public health aspectsof nuclear power generation is recognized From public acceptance
standpoint the major of these issues are potential releases of largequantities of radioactive materials as result of postulated major
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accident control of plutonium and other radioactive materials and

the ultimate disposal or long-term management of spent fuel re
processing wastes Reasonably well identified control technology can

be and is being applied to cope with these issues to adequately protect

the health and safety of the public In relation to potential radiologic

impact the park concept while involving larger total quantities of

radioactive materials would appear to enable even more effective

control of these materials through improved centralized operation by

better trained and specialized personnel availability of specialized

equipment and application of more sophisticated control technology

The nuclear park would also appear to have an advantage over

dispersed sites with respect to nuclear plant decommissioning
smaller number of locations would have to be dedicated to possible

long-term storage of radioactive materials Also specialized crews

and equipment justified at park could more effectively carry out

such operations on production-line basis

The important role of an appropriate continuing environmental

monitoring program in connection with the development of an energy

park is noted Such program would provide timely recognition of

undesirable environmental impact or potentially adverse irreversible

environmental effects which may not have been fully defined in the park

environmental impact assessment Should circumstances dictate park

development could be curtailed before such situations developed

TASK ADVANCED TECHNOLOGY

Adoption of new sophisticated technology on significant corn
rnercial scale historically takes at least 10-20 years following initial

demonstration of concept First generation energy parks appear to

depend largely upon currently available technology and those new

concepts demonstrated in performance and reliability by about 1980
Later development on even more sophisticated systems will most

likely be introduced as single facilities before they are selected for

construction as multiple standardized units in an energy park

Near-term candidate technologies that appear likely to be

available if not necessary by 1985 include regenerative flue gas
desulfurization systems chemically cleaned fossil fuel slurried coal

pipeline systems energy storage systems of various kinds high

voltage DC transmission systems and evolutionary changes in current

systems e.g plutonium-fueled light water reactors The emphasis
on fossil fuel technology highlights the immediate problems associated

with expanded use of coal resources and the long technology

licensing and integration times for new nuclear systems
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Underground cooled transmission systems fossil superheating
of nuclear steam supply systems and high temperature gas -cooled
reactors are possible candidates for expanded commercial utilization
in the 1985-1990 time period Higher transmission and fuel utiliza
tion efficiencies are potentially achieveable but in spite of the success
of significant demonstration of these technologies widespread commer
cial adoption has not been clearly evident

Longer range technology more likely to be considered in second
and third generation energy park plans include fluidized-bed combustion
coal gasification and liquefaction hydrogen production and very high
temperature nuclear reactor systems Demonstrations of these techno
logies at 1000 MWe equivalent capacities appear possible in the 1983-
1987 time period but large-scale multiple unit construction commit
ments to achieve energy park economic benefits do not appear likely
Established energy parks could provide logical sites for initial installation
of advanced facilities but the total park design and economic assessment
will not likely be predicated on projected technological achievements
The nuclear breeder program LMFBR in particular fits this pattern
breeder reactors planned for operation in 1990 could be located in and
provide tIie plutonium burner function in nuclear energy park and take
advantage of the physical characteristics and facilities that an energy
park would already possess

Low temperature reject heat utilization projects of great varietyhave been proposed and are being studied but none appear to impact
significantly on cooling requirements of utility plants nor do the heat
requirements for such applications involve more than an insignificant
fraction of the heat available The major constraint is cost of distri
buting the low quality heat as compared to the value of produced goods

Combined desalinization projects for power plant cooling and
agricultural irrigation may be economically feasible for energy parksSea or brackish water pumping costs apportioned among end uses for
water might make arid areas suitable for both energy production sites
and land reclamation projects

In general first generation energy park planning and construction1985 start-up appears to depend largely upon current and very near-term technologies Developing energy park sites could provide highlyadvantageous locations for introduction of new technologies which
supplement planned energy park power production capabilities The
accelerated development of low cost high capacity hydrogen production technology could advantageously promote conversion of coal
resources to clean transportable fuels compatible with existing distribution and conversion systems The projected energy availability of
park suggests the beneficial integration of energy parks and hydrogenproduction
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TASK COMPARATIVE ASSESSMENT

An economic analysis of cost parameters was accomplished

using computer program specifically developed for the comparative

assessment of energy parks versus dispersed sites Three different

base cases were selected for detailed analysis

20 unit 26 000 MWe nuclear energy park

versus 10 dispersed nuclear sites each

consisting of two 1300 MWe generating units

unit 5200 MWe tmini nuclear energy

park versus two dispersed nuclear sites

each consisting of two 1300 MWe generating

units

24 unit 26 240 MWe fossil energy park

versus 12 dispersed fossil sites four each

with two 885 MWe 1075 MWe or 1320 MWe

generating units

Economic data developed in Tasks 1/2 and were consoli

dated and calculations of capital costs revenue requirementS cash

flow were accomplished The total period of analysis included the

three or four years prior to the start of construction when land and

planning expenses were incurred through the time of decommissioning

of the first installed power unit assuming generating lifetime of

30 years

In the case of large nuclear parks 26 000 MWe 10% savings

in total revenue requirements representing net cost saving of 18

billion dollars January 1975 dollars appeared possible for an

energy park as compared to dispersed siting of the same total generating

capacity The largest portion of the savings is due to the transfer of

labor to the module assembly facility Expected productivity improve

ments result in labor and construction time savings which significantly

diminish the fixed costs associated with capital investment The cost

of the factory and related facilities is more than offset by savings in

generating unit capital costs An important assumption for realization

of all of the estimated cost savings is the standardization of the reactor

system and the balance of plant Although the same units were assumed

for the park and dispersed sites applying the same degree of standardi

zation to 10 dispersed sites does not appear equally possible because of

different site-dependent considerations terrain seismic conditions

location of water supply etc. The principal economic disadvantage
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of the large energy park is attributable to the high transmission land
and equipment costs resulting from the assumption of longer trans
mission distance 175 miles for the park as compared to the dispersed
sites 25 miles

similarcomparative assessment of unit nuclear ttmini
park which does not include an on-site modular factory indicated the
potential for 6% saving about 200 million 1975 dollars The principal
savings are attributable to the lower capital costs of the third and fourth
standard units at the park site relative to the installation of comparable
units at second dispersed site The possibility of obtaining similar
savings in the construction of several identical dispersed.sites depends
on number of unassessed factors

Similar site characteristics and conditions

Transfer of large portion of site manage
ment experience

Transfer of large portion of an experienced
labor crew from previously constructed site

Labor productivity during transfer

Incremental transmission system required

Results of comparisons of large fossil energy parks with equiva
lent capacity dispersed fossil sites indicate potential savings of about
3% for park approximately billion 1975 dollars The opportunities
for construction cost savings related to use of an on-site factory appear
lower for fossil units because of the higher degree of modularization
already practiced in the industry and the lower on-site construction
requirements for fossil plants The additional assumption of the use of
three different fossil unit sizes as compared to one standardized unit
in the nuclear park assessment significantly changes the economic
advantage of park construction Use of different non-standardized
nuclear units in response to regulatory or technology changes would
decrease the large nuclear park advantage noted earlier Some changes
in the nuclear units may be tolerable at those construction phases when
the on-site factory must be relocated specific assessment of the
loss in construction benefits versus the degree of acceptable changes is

necessary to fully resolve this issue but the general trend is indicated
by the fossil park analysis

ES-33



To evaluate the effect of variations in the engineering and econo

mic estimates developed for the base case assessments sensitivity

analysis of the critical input parameters were accomplished full

table of the parameters assessed is included in Task of the report

but of all the parameters analyzed only the multiple unit relative cost

factors power transmission distance and coal transportation distance

appeared to significantly impact the comparative results In all

analyses the differential revenue requirements park minus equivalent

dispersed sites varied significantly as multiple unit factors were varied

from 25% to 75% of the base case values In the nuclear park analysis

successive unit savings could be reduced to about one-third of the

estimated values before park and dispersed site costs became equal

For fossil parks however multiple unit cost savings can only be

reduced to about 70% of their initial values before park cost advantages

vanished Here again the effect of standardized versus non-standardized

units becomes important in evaluating overall economic advantages

Transmission distances critically impact on the economic benefits

of energy parks Varying the average energy park transmission distance

between 75 and 275 miles keeping all other parameters constant changes

16% advantage in revenue requirements of park to only 4% total

advantage Because transmission distances are so site-specific the

critical economic impact of power transmission can only be highlighted

but not resolved in this generic study

Coal transportation costs turn out to be highly sensitive in the

economic comparisons of fossil generation concepts Increasing coal

transportation distance from 350 to 700 miles assuming large quantity

furl shipments from extensive coal supplies to comparatively remote

fossil energy parks completely reverses the cost advantage Differen

tial revenue requirements indicated billion dollar advantage for

large fossil park when coal was shipped 350 miles but billion

dollar disadvantage when coal had to be obtained from 700 miles away
Mine-mouth dispersed unit siting could increase this advantage since

fossil energy park even if centrally located in coal-producing area

would require fuel resources in excess of the coal production from ten

of the largest projected mines

Absolute power production costs markedly reflect inflationary

escalation The table below illustrates the costs for the cases studied

TABLE ES-6 POWER PRODUCTION COSTS

Mills per kwhr

Nuclear Fossil

Year Park Dispersed Sites Park Dispersei Sites

1985 32 30 45 41

1995 36 40 58 59

2005 52 58 87 89

2015 68 73 126 130
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QUALITATIVE FACTORS

For the most part the non-quantitative factors relate to the

institutional issues which include government and private sector organi
zations regulation licensing and anti-trust community impact and

development and labor relations

In general the park concept carries with it the need for change
in these institutional areas Continuing with only conventional dispersed
siting under essentially existing institutional arrangements represents
an easier but not necessarily more desirable or effective approach
to meeting our electric power needs In that inertialt sense our

existing institutional structure tends to favor dispersed siting On the

other hand there is some uncertainty that existing institutional struc
tures and arrangements will be adequate to cope with the problems of

meeting our future electric power needs in any case Changing trends

indicate that while the energy park concept highlights and magnifies the

requirement for institutional modifications such modifications albeit

it to lesser degree are currently beginning to take place or are being
considered at various levels in both the public and private sectors to

better meet future electric power needs

The government organizational factor in the same sense as

indicated above would appear Superficially to favor dispersed sites

because of the anticipated difficulty in accomplishing the modifications

required to implement the energy park concept The associated develop
ment of regional mechanisms able to carry out the broad planning and

implementing functions associated with an energy park and relating to

the federal government in politically acceptable ways presents formi
dable task with long lead times for accomplishment While structural

changes in the organization of the electric utility industry will present
some difficulties it is believed they could be effected more readily

by the industry as the need for and advantages of changes become
evident

In other areas anti-trust insurance etc because the consi
derations appear to be relatively more complicated for an energy park
dispersed siting would be more favorable However such an argument
should not be construed as precluding resolution of such issues in ways
that really represent institutional advances that are in the national

interest

In similarvein the problems of land acquisition and water

supply would appear more difficult for an energy park than equivalent

dispersed sites because of the larger quantities of these resources

required at single location These specific problems are overlain

ES-35



by institutional considerations of land use planning and policy the

major role of the states in water allocation and use and the competitive

use of these resources for agriculture and other purposes These

latter considerations are applicable to dispersed sites also with

comparative differences between energy parks and dispersed sites

being one of degree rather than of kind

major issue that relates solely to large energy park develop
ment is the socio-political impact on an area be it urban or rural

If the presumption of reasonably remote siting of an energy park is

correct the impact of the labor force and the associated impediment
families services etc over long construction schedule could

present an unusual opportunity for regional development and population

growth centers Most communities easily adjust to the short-term

impact of transient construction forces associated with dispersed siting

with little long lasting effect The larger more permanent influx of

people associated with an energy park development project could be

expected to impact on community development social services

political issues and long-term employment opportunities Site selections

for energy parks therefore provide opportunities to establish nuclei for

desirable and permanent population and industrial growth centers which

could revitalize the development of surrounding regions The long-term
economic and social impact on regional growth provides unique poten
tial national advantages not normally associated with conventionally

dispersed energy generation facilities
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Task 1/2 which is outlined in the table of contents
beginning on this page This Chapter provides general
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1/2.1 INTRODUCTION TO TASKS 1\ND

Task 1/2 is combined chapter summarizing the work
done on Tasks and as shown on the NSF Energy Park
Study Work Flow Chart on the next page This chart is
included to indicate the complex inter-relationships nec
essary to complete the study Tasks and are basicallyconcerned with providing current information on power plant
input requirements in the areas of capital costs construction
schedules multiple unit relative cost factors alternate
modes of heat rejection environmental protection consider
ations for fossil power parks and conceptual plant
arrangements and facilities Data for fossil fuel coal
transportation and mine mouth cost considerations and for
nuclear fuel cycle costs including fuel fabrication and
reprocessing facilities are also included

Land requirements vary significantly with consideration
of the heat rejection system the sludge and waste disposal
system for fossil plants the areas required for construc
tion and the need for adequate site security Represen
tative numbers of acres are provided

Labor requirements while not detailed by construction
trade are discussed and an example of the size of the
park community which might develop is included

Operation and maintenance manpower and cost requirements
are provided and potential savings for multiple unit sites
are estimated using relative cost multipliers for these
costs on successive units

The input data provided in this Task is used for per
forming the cost benefit and sensitivity analysis reported
in Task That analysis makes the cost comparision
between energy parks and dispersed sites

Other considerations such as environmental protection
labor community size and coal transportation logistics
are included to enable the reader to assess some of the
aspects of the comparison of dispersed sites to energy
parks that are not purely monetary

Modular construction of fossil power plant is
discussed in this task and some estimates of potential
savings in capital and labor are outlined The facilities
at the park necessary to construct and transport these
modules are described and their costs are provided
Modularjzatjon of nuclear plants is covered in detail in
Task
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The table of contents for Tasks and lists the
section headings for Task 1/2 The following list is

an expanded outline of the subjects of Task 1/2

Section 1/2.1 Introduction

Section 1/2.2 Executive Summary of Task 1/2

Section 1/2.3 Considerations and criteria for selec
ting unit ratings for application in

both dispersed sites and energy parks

Section 1/2.4 Conceptual layouts plot plans and
land requirements for energy parks
Discussion of the necessary considerations
for park arrangement

Section 1/2.5 Capital costs maintenance costs mul
tiple unit relative cost factors
regional effects and labor force size

Section 1/2.6 Modular construction for fossil energy
parks

Section 1/2.7 Environmental protection standards for
fossil energy parks emissions from
multiple stacks costs for meeting
environmental standards

Section 1/2.8 Description of cooling modes water
consumption costs etc

Section 1/2.9 Coal for fossil parks quantities costs
transportation modes and low BTU coals

Section 1/2.10 Reliability and capacity factor assump
tions for this study

Section 1/2.11 Research topics for future studies
briefly outlined

Section 1/2.12 References

Section 1/2.13 Appendix on questions answered by the

Pennsylvania Energy Park Study team

Section 1/2.14 Acknowledgements
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1/2.2 EXECUTIVE SUMMARY OF TASK 1/2

Following is list of the important contents and
conclusions of Task 1/2

Contents

Steam TurbineGenerator unit sizes for energy parks and
dispersed sizes were selected for further comparative
cost studies For fossil fueled plants the units
chosen were 885 1975 and 1320MW The nuclear unit
chosen was 1300MW

Park sizes for the comparison study were chosen to be

Fossil Park 2624014W
Nuclear Parks

Mini 520014W
Large 26000MW

Units are added to the park at one year intervals

Site plot plans and artists conceptions are provided
discussion of the general layout of an energy- park

is given

Land requirements for energy parks range from 6000 to
42000 acres depending on the cooling mode and the
necessity of sludge SO2 removal system and fly ash
wastes storage

Heat rejection cooling modes systems are considered
The primary method chosen for the cost estimates is
the hyperbolic natural draft evaporative tower

Immediate planning is necessary if the first unit is
to start producing electricity in 1985

The fossil fueled units are assumed to burn Eastern
12000 BTU/lb coal with high sulfur content Flue
gas desulfurization systems are estimated for both
dispersed sites and energy parks

Capital costs for the first unit at the dual unit dis
persed site and at the energy park are provided These
costs differ due to labor savings assumed on construc
tion costs by modularization of many components in an
on-site manufacturing facility
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Multiple unit relative cost factors are provided to
estimate the costs of the succeeding units at dispersed
sites and parks

Capital costs for the fuel fabrication and reprocessing
facilities the onsite manufacturing facility and the

training center are provided

Operation and maintenance costs for the units are in
cluded and estimated savings on this expense in an

energy park are provided by multiple unit relative
cost factors

Costs are estimated for complete environmental protec
tion systems on the fossil fueled units These systems
include

Particulate Control
Flue Gas Desulfurization
NOx Control
Noise Control
Waste Water Treatment
Coal Dust Control
Aesthetics

Modular construction techniques for fossil energy
parks are assessed and the resultant savings are
included in the cost estimates for energy parks

Modular construction techniques for nuclear energy parks
which are assessed in Task result in estimated cost

savings presented and discussed in this Task

Labor requirements are considered for constructing the
units

Regional variations in capital cost and labor produc
tivity are discussed

Conclusions

Coal transportation has been investigated with the

following major conclusions

Since coal use is going to increase drastically
careful survey of existing track and right

ofway should be made Also an early determin
ation of all potential park and dispersed sites
should be made before any track is removed or

right-of-way sold
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Large energy parks requiring 65 million tons of
coal per year may be impractical because of

transportation logistical limitations smaller
more optimum size based on transportation consid
erations is feasible

All modes of coal transportation will be necessary
to meet the needs of the electricity utility
industry whether fossil fueled energy parks or
dispersed sites are the sites chosen Barge
Slurry Rail and conveyer systems will all
be needed to carry the ever increasing coal

quantities

Large investments in capital for coal transporta
tion equipment are required

Legislation benefiting both slurry pipelines and
railroads is necessary if they are to participate
meaningfully in meeting the future energy demands

New coal mines must be opened and investment in mining
equipment must be made

Standard designs for the units placed in park are

integral to the assumed cost benefits from energy
parks

Modular construction methods will be applicable to

energy parks They will result in savings which are

reported in Task

Two basic sets of air standards are applicable to
fossil parks ambient air quality standards and
national emission standards

National emission standards introduce no additional
constraints on park design as compared to dispersed
power plants

Ambient air quality standards for particulates and

nitrogen oxides introduce no constraints on fossil park

design and operation assuming emission standards are
satisfied

Long term ambient air quality standards annual average
concentrations introduce no significant constraints
on energy park design or operation
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Short term sulfur dioxide ambient air quality standards
have the potential to introduce significant constraints

on fossil park design and operation even when emission

standards are satisfied

For all energy park configurations considered maximum

ground level concentrations of S02 exceeded ambient air

quality standards less than 8% of the time suggesting CC

the possible use of intermittent controls dE

S02 emissions must be reduced 60 to 80% below emission

standards depending on park configuration for

26000MW coal park to satisfy all ambient air quality
standards all of the time
Note An example of 80% reduction is 13000 BTU/lb
2.5% sulfur coal and 95% scrubber efficiency

SO2 emissions must be reduced 40 to 75% below emission

standards depending on park configuration for

26000MW coal park to exceed all ambient air quality
standards less than days year

With S02 emissions 2.5 times emission standards two

unit 2600MW site would exceed all ambient air quality
standards less than days year
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1/2.3 SELECTION OF REPRESENTATIVE TURBINE UNIT SIZES
TOTAL SITE CAPACITIES

1/2.3.1 General Considerations

To properly evaluate the advantages and disadvantages
of the energy park concept representative steam turbine
configurations had to be established This task required
determination of turbine sizes MW ratings dates that

given turbine will be available and acceptable for use
and the total number of units to be located at given site

The numbers selected for each of the above categories
were based in part on the following assumptions

Park units should be selected to utilize the largest
proven components This would minimize the capital
expenditure in dollars per kilowatt

Turbine design should maximize steam flow through the
last stage buckets as future environmental restric
tions will probably result in higher turbine exhaust

pressures The larger last stage flow helps to op
timize turbine performance at exhaust pressures in
the 1/2 in HgA to in HgA range

turbine of given size and rating must have been
in operation for at least five years before it will
be considered as suitable for use in energy parks
This requirement is intended to satisfy utility
industry standards for availability and reliability
while maximizing the use of the large turbines
more detailed discussion of reliability and availability
may be found in Section 1/2.10

Dispersed sites may occasionally utilize larger
pioneer units because dispersed sites have somewhat
less at stake in capital investments site development
and forced outage penalties It is assumed that the
employment of large turbines at some dispersed sites
will satisfy the five year experience base required
for energy park applications
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1/2.3.2 Fossil Fueled Systems

1/2.3.2.1 TURBINE CONFIGURATIONS Table 1/2.3-1

lists three currently available large steam turbines

which satisfy the requirements listed in the preceding

section It should be noted that although the specifications

listed are for General Electric Company turbines comparable

equipment may be available from other domestic manufac

TABLE 1/2.3-1

Maximum Station Heat Rates

Rating In HgA Back Pressure

Turbine Design NW 1.5 2.5 3.5

flow 33 1/2 LSB 3600 RPM 885 8946 8984 9093

flow 30 LSB 3600 RPM 1075 8941 8993 9088

flow 33 1/2 LSB 3600 RPM 1320 8983 9019 9122

Note Station heat rates are unit heat rates adjusted

for boiler efficiency and other losses

Back pressures correspond to once through cooling

cooling ponds and natural draft cooling towers

respectively

LSB Last stage bucket

The tabulated maximum ratings are based on inlet steam

properties of 3500 PSIA and 1000F with one reheat to

l000F Although the utility industry has experienced some

reliability problems when using an initial pressure of 3500

PSIA it is expected that these problems will be acceptably

resolved before initial energy park construction Therefore

due to its many inherent advantages the 3500 PSIA inlet

pressure was selected rather than lower pressure such

as 2400 PSIA Some of the primary advantages of this inlet

pressure are described below
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An approximate 1/2% decrease in the net heat ratewhich is particularily significant in light of presentand projected fuel availabilities

Smaller overall turbine dimensions resulting from the
lower steam volume required for given MW rating

Higher available turbine power ratings

Better potential for future improvements

Inasmuch as the flow 33 1/2 LSB 885NWe max the
flow 30 LSB 1O75MWe max and the flow 33 1/2 LSB

132OMWe max are among the largest units available and
considering the historically slow unit size growth rate
these three configurations will be used to develop all
fossil dispersed sites and energy parks in the time periodcovered by the report Further although all three designsare currently available only the flow 33 1/2 LSB
configuration is expected to have an acceptable proven
reliability during the early stages of energy park construction Therefore this design will be used exclusively
in initial dispersed sites and as the leading units
employed in energy parks Later dispersed site and
energy park unit will be flow 30 LSB turbines
followed by the flow 33 LSB design as the experience
base of each increases to an acceptable level The selec
tion of these unit sizes is not meant to imply that largerunits wont be available for the three time increments from
1985 to 2008 but rather that the units specified will be
the largest available units with proven reliability

1/2.3.2.2 FOSSIL FIRED DISPERSED SITES Figure1/2 31 is representative plot of fossil fired unit-
ratings vs year in service The uppermost curve in
dicates the maximum unit ratings that are predicted to be
available for purchase in the years 1985 through 2008 The
assumed dispersed site unit rating vs year in service
is shown in Figure 1/2.31 as smooth curve However
it does not predict that in 1990 for example the unit
size will be exactly 1046MW but rather that the unit size
capacities of selected units will generally follow the
growth curve and approach the largest available unit sizes
as they become acceptably reliable

Based on this curve unit sizes and dates of service
for costing dispersed sites have been designated as follows

885MW 4F 33 1/2 3500 PSIA 10000F/10000p at 0% MU
and 1/2 HgA back pressure units for 1985-1992
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1075MW 6F 30 3500 PSIA 10000P/10000F at 0% MU and

1/2 HgA back pressure units for 1993 2000

1320MW 6F 33 1/2 3500 PSIA 1000F/l0000F at 0% MU and
1500

1/2 HgA back pressure units for 2001 2008

The two unit sites will have their units coming on line

one year apart which is typical of current practice Al 1400

though it is recognized that currently there are sites

where more than two units are located for this comparison

study two unit dispersed sites have been arbitrarily chosen

1/2.3.2.3 FOSSIL FUELED ENERGY PARKS The energy 1300

park proposed for this study will contain the following

units

Eight4 flow 33 1/2 LSB 885MW 7080MW Total

Eight-6 flow 30 LSB 1075MW 8600MW Total
00

Eight6 flow 33 1/2 LSB 1320MW e1056OMW Total

TOTAL ENERGY PARK 26240MW Total

The unit sizes for the park were chosen to take ad-

vantage of the latest technological advances by pushing

ahead to larger units as their reliability is established

the chronological distribution of the three units is

show-n graphically in Figure 1/2.31 However the ultimate

26240MW size chosen for the energy park is not to be 1000

construed as statement which in anyway advocates this

size as the optimum size Many parks will be smaller or

larger than this as dictated by the load demand and

specific site chosen
900

Although Figure 1/2.3-1 indicates twelve month

construction to startup cycle initial cycles may exceed

twelve months until the necessary construction experience is

acquired However additional labor may be assigned if

it is deemed desirable to maintain this interval conversely 800

as the load demand accelerates and construction experience

accrues the construction to startup interval may be shor

tened

The park was designed to contain eight tinits of each 700

size as this number of units is thought to be economical

from the standpoint of parts interchangeability common

manufacturing and maintenance facilities reduced labor 19

forces required for construction operation and inaintenanCe

easier operator training and the many other advantages

which are apparent assets of the energy park concept The

park also has some advantage from the antitrust standpoint

in that new bids can be requested when the unit size is

increased
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1/2.3.3 Nuclear Fueled Systems

1/2.3.3.1 TURBINE CONFIGURATION The 1300MW nuclear
steam turbine unit rating has been selected for the entire

time period under study The turbine selected is flow
43 LSB 1800 RPM unit or equivalent machine with an

inlet steam pressure of approximately 975 PSIA It is ex
pected that the components will have achieved the five year
experience base described earlier by the time the first nu
clear park units move into the design stage as units rated
above 1000MW have been in service since late spring 1974

Further unit size growth rate is currently limited by

thermal discharge ceiling established by the AEC at 3800MWth
which is approximately 1300MWe This ceiling may be lifted

when sufficient operating experience is obtained but the

new large components may require up to 15 years before sat
isfactory reliability can be established for energy park
application The 15 year period includes 10 years for

licensing design and construction and years operation to

establish maturity

1/2.3.3.2 NUCLEAR FUELED DISPERSED SITES The es
timates for nuclear fueled dispersed sites were based on

each site having two 1300MW turbines with natural draft

cooling towers as the primary cooling mode

1/2.3.3.3 NUCLEAR FUELED ENERGY PARKS Four types of

nuclear power parks were examined in this study large

conventionally fueled park plutonium burning PUB
park park containing mix of light water reactors and

liquid metal fast breeder reactors and small convention

ally fueled mini park

The large conventionally fueled park incorporates
twenty 1300MWe steam turbinereactor sets 26000MWe total
and was evaluated with and without onsite fuel reprocessing
and fabrication Further information and possible arrange
ments of this park may be found in Section 1/2.4 and in

Chapter

The plutonium burning PUB park contains twenty 1300MWe

steam turbinereactor sets 26000MWe Total The PUB park
will have onsite fuel reprocessing and fabrication facil
ities designed to satisfy PUB park needs as well as the

needs of three conventionally fueled large i.e 26000MWe

parks This arrangement would minimize offsite trans
portation of plutonium and reduce problems associated with

radioactive waste
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discussion concerning the mixed park i.e having
mix of LWRs and LMFBRs may be found in Task however
an economic analysis was not attempted

The mini-park is comprised of four 1300MWe turbines
4200MWe total and incorporates onsite fuel reprocessing
and fabrication An analysis of the minipark was per
formed to evaluate on-site fuel handling in parks containing
as few as four units

Figure 1/2.32 summarizes the various dispersed site
and energy park configurations covered by this study As

qth noted earlier these are representative arrangements and
are subject to change as dictated by specific applications

more detailed discussion of all nuclear fueled power
parks may be found in Task

1/2.4 ENERGY PARK ARRANGEMENTS

1/2.4.1 General Considerations

In order to better evaluate the viability of the
energy park concept several possible site arrangements were
generated during this study The following eight arrange
ments were incorporated into this report and may be found
in Section 1/2.4.4

Nuclear fuel dispersed site plot plan X0374FN1O1
Fossil fuel dispersed site plot plan 14102
Nuclear fuel power park partial plot plan M103
Nuclear fuel power park site plot plan 14104
Fossil fuel power park partial plot plan 14105
Fossil fuel power park plot plan 14106
Nuclear power park modular arrangement

with cooling towers 14107
Fossil fuel power park site plot plan with

natural draft cooling towers 14108

These drawings form the basis for the following discussion
however as concepts evolved continually throughout the
course of this study some drawings may be inconsistant
with the accompanying text Therefore to avoid confusion
reference will be made to specific drawings which reflect
the arrangement being discussed brief discussion concer
ning all of the individual drawings may be found in SeOtions
1/2.4.2 nuclear and 1/2.4.3 fossil
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FIGURE 1/2.3-2

Dispersed Site and Energy Park Sizes

For NSF Energy Park Study

Dispersed Site

Fossil Nuclear

885MW 4F 33 LSB units or 1300MW 43 units

1075MW 6F 30 LSB units or

1320MW 6F 331r LSB units

Energy Parks

Fossil Nuclear

885MW units Mini Parks 41300MW units total 5200MWe

1075MW units Large Parks 201300MW units total

26000MWe with and without fuel fabrica

1320MW units tion and reprocessing

Total 2624OMWe Plutonium Burning Parks PUB park
201300MW units total 26000MWe.and
fuel recovery and fabrication for four

large parks

Mixed Parks LWRs and LNFBRs
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In addition to the above site layouts the four
artists renderings listed below are also contained inthis report

Nuclear Energy Park with Pond
Nuclear Energy Park with Towers
Fossil Energy Park with Pond
Fossil Energy Park with Towers

It should be noted that the four renderings are included solely to give the reader better visual picture
tits of park arrangements i.e the renderings are not intended

for detailed technical analysis For example the render
ings of the nuclear park arrangements do not show thereactor buildings arranged for modular construction asshown in drawing Ml07

The reader should note that both BWRs and PWRs areshown in the park Also the visual impact of so manytransmission lines terminating at one location mightbe reduced by undergrounding near the park

The basic park layout selected for this study is
shown in drawing Ml07 The ItHorseshoett arrangement was
chosen because this grouping Provides access to new52OOM construction areas and operating units simultaneouslyMinimizes distance between coimnon park facilities andunit sites permits utilization of efficient onsite

brica- manufacturing and construction techniques and Affords
ample rail road and canal access to park interior while
maintaining adequate security However this is but onepossible arrangement the ultimate arrangement will
require extensive further study as well as consideration
of the individual site

four

The Onsite manufacturing facility as shown in
drawing Ml07 would be used for fabrication of major sub-
assemblies or materials which would then be transportedto the construction sites As logistics are an important
consideration the onsite manufacturing area should belocated as close as possible to the construction siteswhile still maintaining barge rail and/or road access
ibility to storage areas and the park exterior One
solution to this problem would be to utilize semi-permanentconstruction of the Onsite manufacturing facilities
thus permitting the onsite manufacturing area to be
relocated after completion of predetermined number ofunits For example the onsite manufacturing area couldbe located to support the construction of several unitslocated on park side as shown in drawing Ml07 then
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moved to an adjacent side upon their completion However
the utilization of on-site manufacturing facilities and

other special construction techniques requires that there

be ample space at construction sites for lay down of

subassemblies piping modules etc so that there will be

no interference with operating units

warehousing and storage area to support new construction

and maintenance of operating units is shown in drawing

Ml07 adjacent to the park access corridor An overhead

crane designed to lift the largest modules shipped to the

site for park construction will be used to raise equipment

and materials off the barge canal which is shown terminating

in the storage area The equipment and materials would then

be transported to the warehouse storage area onsite

manufacturing area or construction site via large tracked

transporters or railroad cars An alternate arrangement it

would make use of more extensive canal system allowing

large items to be taken directly to the on-site manufacturing

area and/or construction sites by barge

Equipment and subassemblies would be put into place

using second larger 1000 ton overhead crane located as ii

shown in drawing M107 The crane would be designed to

lift the largest unit modules and would be sized to operate

over the unit under construction The overhead crane would

not however be allowed to operate over unit that is

in service but rather would be relocated as necessary

Due to the large number of items required for the

construction and maintenance of the many units is an energy

park computerized storage and retrieval system would

probably be utilized in the warehousing facility For

further discussion of possible energy park construction

techniques see Sections 4.11 and 1/2.6

Natural draft hyperbolic cooling towers with supple

mental cooling ponds were chosen as the primay cooling

mode for this study because this system offers flexibility

of operation low operating costs is environmentally

acceptable and requires less acreage than cooling ponds

The main alternate cooling system considered in this

report cooling ponds is shown in drawings M103 M104

Ml05 and Ml06 Cooling ponds require extremely large land

areas but womewhat less makeup than cooling towers with

supplemental cooling ponds Cooling ponds are also site

dependent as site topography determines pond depth shape

surface area and number of ponds required
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Dikes are used with cooling ponds to maximize the
time allowed for cooling before reintroducing dischargewarm water back into the circulating water system In
this scheme the warm water is discharged on the far side
of the dike see drawings Ml04 arid Ml06 and is forced to
circulate around dike before reentering the intake structures
The number and location of dikes if required would be

fl determined by site physical and atmospheric characteristics
more complete discussion of cooling modes may be found

in Section 1/2.8

The electrical distribution system shown in site
arrangement drawings Ml07 and M108 is based on 5200MW
per switchyard All switchyards are electrically connected
and each is shown with two 65KV transmission lines
200 foot wide right-of-way was specified for each trans
mission line Electrical considerations are discussed
in further detail in Task

The park administrative complex is located adjacent
to the main access corridor either inside the main
park perimeter as shown in figure M107 or outside the
main perimeter as shown in figure Ml05 The location and
size of administration complexes in individual parks will
be determined by site functional and security requirements

In addition to fulfilling park administrative requirements the administrative facility may also serve as
public relations-center complete with appropriate displays
and as visitor reception center performing the initial
screening and routing of park visitors

The park training center could also be located in
the administrative complex as this would facilitate the
use of the training center for training personnel from
dispersed sites as well as park employees As the
training center includes classrooms control room simula
tors and laboratories to train technicians in radiochemistry
welding etc the center would be able to offer more
complete training program than is typically available to
dispersed site employees The dollars collected for this
service would also help offset the initial capital invest
ment

One or more employee service buildings could be lo
cated convenient to operating units and.construction
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areas The service centers would typically contain main
tenance shops radiation safety water sampling and other

laboratories hospital/clinical services employee benefit

offices such as the insurance departmentand credit union
cafeterias lounges showers locker rooms and change

areas as well as employee recreational facilities

To improve employee access to employee service centers

and other park areas an onsite employee transportation

system could be developed This system could utilize

shuttle buses and/or railed vehicles and would simplify

park security nd logistics especially if employee ve
hicles are all parked in parking area external to the main

security perimeter

Colocated industries are shown located on the park boun
daries as users of parkproduced steam and/or electricity
To maximize the benefits from this arrangement industrial

complexes should be located to minimize steam piping costs

and losses and to reduce electrical transmission distances

Industrial complexes should also be located reasonably close

to transportation facilities such as major highways to

simplify employee commutation and distribution of produced

goods For additional discussion of colocated industries

the reader is referred to Task

1/2.4.2 Nuclear Park Arrangements

Space has been allocated in each nuclear park arrange
ment for fuel reprocessing and fabrication area This

facility would improve park fuel and waste materials

management and would minimize offsite transportation of

radioactive substances detailed discussion concerning
on-site fuel reprocessing facilities may be found in

Task

Nuclear parks generate tremendous amounts of power
have large quantities of radioactive materials and cover

vast land areas The parks also have prolonged construc
tion cycle which requires large and varied work force

These conditions create security problem in and around

the park which requires security system which is both

large and efficient To assist in maintaining perimeter
security the park could be encircled by cooling water
as shown in drawing Ml07 This ttmoattl would require all

traffic to enter and leave the park interior via the

main access corridor which could be secured using fences
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armed guards and/or other methods Security badges or
other means could be used to identify park employees
while park visitors could be confined to the administrative
complex or assigned an escort Cooling water dikes
when utilized could be used to form an outer security
perimeter and also serve to exclude boaters from the energy
park plant area if the cooling pond is used for recreational
purposes

Once inside the park employees will have to be further
identified by function and location Construction forces will
have to be excluded from operational areas Operations
personnel wiil have to be excluded from construction areas
and all but essential personnel will have to be excluded
from entering the fuel reprocessing and fabrication facility
Segregation by general area could be accomplished by such
methods as color coded badges or electronic identification
however redundant security systems having the highest
available reliability would be required at the fuel
processing area

Table 1/2.41 summarizes land requirements for each
of the arrangements that are discussed below land quantities
for each site may also be scaled directly from the drawings
These representative land quantities may be increased
dependent on specific site characteristics and/or on the
area deemed necessary for separating units to prevent
common disaster from affecting several units

Drawing MlOl depicts dispersed site having two
1300MW nuclear units As this drawing is included for
purposes of comparision some minor equipment systems are
not shown In compliance with standard practice some
facilities such as the radwaste building and control room
are shared and three transmission lines are indicated in
the distribution system

Drawing M107 presents one possible arrangement for
nuclear park having twenty 1300MW units The reactors

shown are representative and are not intended to delineate
any specific type or system Each switchyard is sized
and located to service four of the twenty units and occupies
approximately 23 acres The distribution system consists
of two 765Kv transmission lines per switchyard with the
transmission line directions shown arbitrarily

The reactor/turbine building are shown in-line to
facilitate the use of modular construction techniques
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TABLE 1/2.4-1

LAND REQUIREMENTS
ACRES

FOSSIL NUCLEAR

DISPERSED DISPERSED MINI PARK
CATEGORY UNITS 24 UNIT PARK UNITS UNITS 20 UNIT PARK

MW Rating/Site 2150 26240 2600 5200 26000

Plant 500 1600 500 700 1600

Towers Makeup Pond 180 2150 400 800 4000
I-

Sludge/Ash Disposal 1120 13400

Construction Area 300 300

Total With Towers 1800 17450 900 1500 6000

Increment For Full

Cooling Pond 1990 23850 3500 7000 35000

Total With Pond 3790 41300 4400 8500 41000

Land required for transmission right of way has not been included in this table This

subject is discussed in Task

These land requirements are thought to be representative quantities Tie actual amount

depends on the specific site and the land required for sludge deposits



The onsite manufacturing area and the overhead crane used
for final positioning of the construction modules are
shown situated to support construction of the end row of
units As noted earlier the onsite manufacturing area
and overhead construction crane may be relocated as
necessary during the construction cycle and space is
shown provided on the two side rows of units to indicate
two other potential locations

Natural draft hyperbolic cooling towers with
supplemental pond are shown as the cooling mode in this
drawing It should be noted that although the cooling
pond has been extended to the park access corridor the
overall pond configuration would be determined by site
topography In addition further study is needed to
determine the final arrangement and location of the
cooling towers to minimize park exposure to drift foggingetc and to prevent undesirable atmospheric disturbances

The final configuration and location of the fuel
reprocessing area the storage and marshalling area the
manufacturing area and the employee service buildings
will probably require adjustment with further study and con
sideration of individual sites For example the employeeservice buildings may require relocation to be convenient
to the greatest number of employees and the parking lot
shown in the fuel reprocessing area may be reduced or ex
panded in proportion with the number of park owned
vehicles No attempt was made to indicate all required
roads railways parking lots or other park support
systems as these systems are site dependent and will
vary with such considerations as onsite employee trans
portation systems and construction techniques

The areas assigned to colocated industries are considered
to be suitable for good mix of appropriate industries
but the assigned areas may be relocated in whole or in part
to other locations on the park perimeter

Drawings Ml04 and Ml03 depicts nuclear park arrange
ment with cooling pond drawing M103 shows an enlarged
portion of drawing M104 Approximately 39000 acres has
been allotted for the cooling pond which may be distributed
into smaller ponds as dictated by the individual site An
earthen dike has been provided to prevent discharged warm
cooling water from reentering the intake structure andto
increase the water cooling period Further cooling water
discharge lines have been staggered and lengthened to
increase the effective area of -the pond cooling surface Of
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course additional detailed analysis will be required
to optimize use of such large cooling pond system
The possibilities for recreation aquatic farming etc
using this type cooling mode are obviously an important
consideration

The reactor building arrangement as shown in drawings

M103 and M104 is not structured to optimize the benefits

achieved with modular construction techniques The

alternate configuration shown in drawing M104 could however

easily be arranged to match the grouping shown in drawings
Ml07

Although many of the comments made relative to drawing
M107 are applicable to drawings M103 and M104 there are

two notable exceptions Firstly the size of cooling pond
becomes an important consideration in the placement of the

colocated industries as steam and electrical transmission

distances may become unacceptably long and secondly the

switchyard and electrical distribution system shown

between the groups of reactors is not the same as the

arrangement as depicted in drawing Ml07

1/2.4.3 Fossil Power Parks

The fossil power parks shown in drawings N105 M106
and Ml08 are designed to utilize coal delivered in unit

trains The trains will have side dump and/or bottom dump

coal cars which will unload into hoppers located around

the periphery of the coal storage area Tandem car

rollover dumping is also possible The coal is then trans

ported by conveyor through various processing stations
to the live pile stand pipes After further processing the

coal is conveyed to inpiant handling systems or is

distributed over the storage piles using mobile equipment
Alternate methods such as barge or slurry transportation

are discussed in detail in Section 1/2.9

Each fossil park arrangement has 600-700 acre coal

storage area which is sufficient for ninety day reserve

The storage area is divided into several subpiles to

facilitate pile management and provide access to Hot Spots
The sub-piles would be developed in compacted layers several

feet thick to an ultimate pile height of between 15 and

50 Treatment of the storage piles to reduce air pollution

resulting from coal dust is discussed in Section 1/2.7.3
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The waste and sludge area for energy parks was sizedto accomodate unit effusions for the entire 40year lifeof the park However it was assumed that the present levelof waste accumulation from coal fired plants would bereduced by approximately one-third This assumption is basedon expected improved scrubber technology recycling of
scrubbing materials and utilization of some waste productsfor various purposes For example it has been determinedthat fly ash is an excellent fertilizer filtering agentand building material The waste and storage area will
require provision such as clay or plastic lining aroundits perimeter to prevent suiphurous materials from leachinginto adjacent areas

Although fossil park security is of less concern thannuclear park security an adequate security system willhave to be developed The fossil park security system willhave to satisfy the same general requirements described inthe preceding Section 1/2.4.2 for nuclear parks butsomewhat less rigorously and with fewer external requirements

Table 1/2.41 summarizes land requirements for each ofthe arrangements that are discussed below land quantitiesfor each site may also be scaled directly from thedrawings

Drawing M102 depicts dispersed site includingtwo fossil-fired units and appropriately sized coolingpond The waste and sludge area is adequate for twentyyear operating life based on todays technology

Drawing M108 depicts power park having twenty-fourfossil fueled units yielding total park capacity of2624OMWe The units are arranged so that each switchyard
manages approximately 5200MWe therefore single switchyardwill service six five or four units depending on its
position in the construction sequence Electric distributionis via two 765KV transmission lines per switchyard and

tie to the neighboring switchyards

The unit configuration shown in drawing Ml08 is not
arranged to optimize modular construction techniques howeverthe concepts presented in drawing Ml07 nuclear power parkare equally applicable to fossil fueled parks The waste and
sludge area size approximately 13000 acres is based on

40-year park life assuming 33% reduction in waste
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generation as discussed earlier general discussion

concerning the park cooling mode and colocated industries

may be found in Section 1/2.4.2

Drawings Ml06 and M105 depict fossil fuel power

park with cooling pond The cooling pond covers total

of 26000 acres which would be distributed as dictated

by the individual site The placement of the cooling

pond dike and cooling water discharge lines is arbitrary
The units as shown are not arranged to facilitate modular

construction and are not grouped to yield 5200MWe per

switchyard as described earlier In addition the area
allotted for waste and sludge storage is based on current

technology requiring 20000 acres for the 40-year life

of the park For general comments on the cooling pond

and other functional areas the reader is referred to

Sections 1/2.4.1 and 1/2.4.2

1/2.4.4 Arrangement Drat.ings

This section contains eight conceptual site arrange
ment drawings generated during and incorporated into

this study The titles and reference numbers of the

included drawings are as follows

Title Reference N1.flther

Nuclear Fuel Dispersed Site Plot Plan X0374FN101
Nuclear Power Park Modular Arrangement

With Cooling Towers Nl07
Nuclear Fuel Power Park Site Plot Plan Nl04
Nuclear Fuel Power Park Partial Plot Plan Ml03
Fossil Fuel Dispersed Site Plot Plan Nl02
Fossil Fuel Power Park Site Plot Plan

With Natural Draft Cooling Towers 14108

Fossil Fuel Power Park Plot Plan 14106

Fossil Fuel Power Park Partial Plot Plan 14105
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1/2.5 INPUT DATA FOR COST BENEFIT AND SENSITIVITY

Aside from Sociological environmental institutional
and other important aspects of energy parks to be considered
in comparison to dispersed sites the one question which
will probably be asked the most is What will energy
parks cost followed by the question Will energy parks
save money To address the task of comparing the costs
associated with energy parks and dispersed sites in the
areas of capital costs Construction economies fuel costs
operation and maintenance Costs and Operation and mainten
ance economies computer program for handling the bookkeep
ing adding interest during construction and escalationetc was written in order to perform costbenefit sensi
tivity analyses The program its output and the cost
conclusions to be drawn from this Study are the contents
of Task

The input data for the computer program is the main
subject of Section 1/2.5 The capital costs for generating
units onsite fuel fabrication and reprocessing facilitiesonsite manufacturing facilities and other common facilities
are included in Section 1/2.5.1 The Only capital costs
that are not included are those related to power trans
mission away from the dispersed sites and parks These
costs and the associated land requirements are the subject
of Task

The capital costs associated with the purchase of land
for both park and dispersed sites are handled by the
computer program in Task by assuming per acre cost for
land

In addition to capital costs this section contains
fuel costs fossil and nuclear and representative oper
ating and maintenance costs for both fossil and nuclear
power plants These are contained in Section 1/2.5.2

Another category of important inputs for the cost ben
efit and sensitivity analysis are the multiple unit
learning factors that are used by the computer program
to assess the potential savings in capital and operationand maintenance costs attributable to energy parks These
factors are reported in Sections 1/2.5 1/2.7

Aside from dollar cost inputs for energy parks and
dispersed sites there are other quantitative inputs for
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which data are provided in Task 1/2 These inputs include

land requirements given in Section 1/2.4 water require

ments in Section 1/2.8 and estimates of labor requirements

discussed in Section 1/2.5.9 Regional variations in

capital costs are discussed in Section 1/2.5.8

Sections 1/2.5.3 and 1/2.5.4 deal with the rationale

and supporting information for the costs and other quanti
ties provided as inputs to the computer program

1/2.5.1 Capital Costs

This section contains capital cost input data used- for

the cost-benefit and sensitivity analysis the results of

which are reported in Task Most of the data is pre
sented in tabular form

The costs are in January 1975 dollars The computer

program used in connection with Task will escalate these

costs and add interest during construction to the time of

startup for commercial operation of each of the units

The costs are developed on consistent basis for both

fossil and nuclear units and while the costs could vary

to some degree based on the geographic region to be dis

cussed later and on the work scope chosen for any other

estimate it should be recognized that the primary use of

these capital costs is to make comparison between fossil

energy parks and fossil dispersed siting and between nuclear

dispersed sites and nuclear energy parks as was the stated

goal of this study With this in mind it is important to

consider differences between capital costs of power gener

ating facilities located on the two types of sites

discussion of the basis for establishing these

capital costs will.be included in Sections 1/2.5.3 and

1/2.5.4

1/2.5.1.1 CAPITAL COSTS NUCLEAR UNITS Capital

cost estimates for dispersed site and energy park nuclear

units are based on the General Electric Companys 238-732

BWR-6 Mark III Boiling Water Reactor

The turbinegenerator selected for this application

is General Electric 6flow 43 laststageblades single

reheat unit rated at 1220MW 1480 Mva 0.9PF This plant

configuration was selected because it is representative of

the unit size most commonly selected by utilities in recent

months Further the BWR design was chosen for this study
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because it is considered to be representative of current

LWR construction in the United States

For the dispersed site case construction cycle of

66 monthS following receipt of construction permit

has been selected This appears to be most representative

of current industry planning For the 20-unit energy park
construction cycle of 50 months following start of construc

tion work on the nuclear unit has been selected based on the

c.F Braun and Company study appearing as an appendix to

Task of this report

The capital cost estimate for the first unit at

dispersed site and the corresponding pattern of expendi
tures is presented in Table 1/2.51 The capital cost

estimate for the first unit at 20-unit nuclear energy

park is shown in Table 1/2.52

Cost data in these tables are in terms of January 1975

dollars exclusive of escalationtocompletion costs and

interest during construction

The capital cost estimates of Tables 1/2.5-1 and

1/2.52 also include customer site preparation Site

conditions can and often do differ widely even within

small geographical areas For this reason it has been

assumed in each case that the terrain is topographically
amenable to power plant construction and that sites are

located in close proximity to existing highways and rail

lines Further it is assumed that all of the energy

park and dispersed sites are fully bargeaccessible This
will permit direct-to-site shipment of factory assembled

reactor pressure vessels and other heavy components

The capital costs for the 1220MW unit were ratioed

up to the 1300MW size before being input into the cost-

benefit sensitivity analysis program Task

1/2.5.1.2 NUCLEAR FUEL REPROCESSING AND REFABRICATION
PLANT COST DATA Plant project costs and expenditure
schedules for spent fuel reprocessing and mixedoxide fuel

fabrication facilities for 4-unit minipark and 20unit

energy park are summarized in Tables 1/2.5-3 to 1/2.58
These data were developed from the general cost relationships
as function of plant capacities to be discussed in Task
It is assumed that project scheduling would be based on

completing facilities no sooner than needed It should be

feasible to use the spent fuel storage facilities while

the remainder of the plant is being completed
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TABLE 1/2.5-1

PATTERN OF EXPENDITURES

FIRST UNIT OF DUAL PLANT

238732 BWR6 MARK III 1220 MWe

In $1000

Year Following

C.P Award Total

DIRECT COST

Civil Structural

Labor 10120 16106 7822 5747 1135
Materials 10702 20104 8323 7008 1078

Generation Turbine

Elec Pit Eguipt
Labor 86 759 13182 16326 6251 453

Materials 3415 9638 25499 22933 6832
Heat Relection System

Labor 745 2234 2678 1633 144

Materials 2450 6941 6941 3674 408

Nuclear Steam Supply

System 9400 15100 26500 9400 3200
TurbineGenerator 8600 15800 22600 1000

SUBTOTAL DIRECT 42323 80702 113101 72033 23803 1005 332967

INDIRECT COSTS

Labor 19645 30695 39991 46130 26749 13506
Materials 2755 4305 5609 6470 3751 1894
SUBTOTAL INDIRECT 22400 35000 45600 52600 30500 15400 201500

Expended Prior to

Construction Permit ______ ______ ______ ______ ______ ______ 24000

TOTAL COST FIRST UNIT 64723 115702 158701 124701 53303 16405 558467

Includes Engineering and NSSS costs incurred prior to award of construction permit

First Year Before C.P 12800
Second Year Before C.P -11200



TABLE 1/2.52
PATTERN OF EXPENDITURES

FIRST UNIT OF 20UNIT ENERGY PARK
238732 BWR6 MA.RK III _1220 MWe

In $1000
Year Following

C.P Award Total

DIRECT COST

Civil Structural
Labor 12117 12988 4309 587
Materials 20588 22936 4002 445

Generation Turbine
Elec Pit Eguipt
Labor 60 5847 16153 3445 436
Materials 6222 19276 36501 6318

Heat Rejection Sys
to Labor 1041 2082 1977 104

Materials 1021 4491 8778 5920 204
Nuclear Steam
Supply System 9400 15100 26500 9400 3200
Turbine-Generator 8600 15800 22600 1000

SUBTOTAL DIRECT 58008 97479 120925 29092 3944 309448

INDIRECT COSTS
Labor 25163 25163 30787 25307 7426
Materials 91737 9737 11913 9793 2874 _______
SUBTOTAL INDIRECT 34900 34900 42700 35100 10300 157900

Expended Prior to

Construction Permit ______ ______ ______ ______ ______ 24600

TOTAL COST FIRST UNIT 92908 132379 163625 64192 14244 491948

Includes Engineering and NESS costs incurred prior to award of construction permit
First Year Before C.P 13900
Second Year Before C.p 10700



TABLE 1/2.5-3

DEDICATED NUCLEAR PARK
REPROCESSING PLANT CAPITAL COSTS

1975 Dollars in Millions

unit Mini Park 20 unit Park

160 MTU/Year 800 MTU/Year

I-abor ME Labo

Land

Acreage
Permits Licenses 3.7 3.9

Site Structures Facilities 10.0 6.7 25.0 13.0

Plant Equipment 37.7 24.2 82.0 51.0

Indirect Costs 2.0 29.0 3.0 50.0

Contingency Costs 15.3 19.4 33.0 35.1

66.0 83.0 143.0 153.0

Totals 149.0 296.0

Requirements for location of reprocessing and support facilities

assuming that controlled access area and isolation distance re

quirements are within those for the multiple reactor installationS

also that there will be centralized park potable water supply and

sanitary/nonprocess sewage disposal systems rather than separate

facilities and associated area requirements for the reprocessing

plant If not 15 20 acres more would be required for sewage

lagoons evaporation pond etc

Materials and Equipment
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TABLE 1/2.5-4

PROJECTED EXPENDITURE SCHEDULE

UNIT MINI PARK CASE 160 MrU/YR DEDICATED NUCLEAR PARK REPROCESSING PL2RT

1975 Dollars in Millions

YEAR FOLLOWING CONSTRUCTION START OF FIRST REACTOR

10 11 12 13

Land

Permits Licenses Labor 0.1 0.3 0.4 0.4 0.5 0.5 0.5 0.4 0.4 0.2

Structures Facilities ME 0.0 0.0 0.0 1.2 4.5 3.1 1.0 0.2 0.0 0.0

Labor 0.0 0.0 0.0 0.5 1.9 2.2 1.8 0.3 0.0 0.0

Plant Equipment ME 0.0 0.0 0.0 3.5 6.5 8.0 12.7 6.5 0.5 0.0

Labor 0.0 0.0 0.0 0.2 3.0 3.8 5.8 10.0 1.4 0.0

Indirect Costs ME 0.0 0.0 0.0 0.5 1.0 0.5 0.0 0.0 0.0 0.0

Labor 2.3 4.5 3.6 3.0 3.7 3.5 2.8 2.5 2.5 0.6

Contingency ME 0.0 0.0 0.0 1.5 3.5 3.6 3.9 2.6 0.2 0.0

Labor 0.7 1.1 1.3 1.4 2.7 3.0 3.3 4.0 1.3 0.6

Based on reprocessing plant spent fuel storage facility availability in year 11 and start of

reprocessing operations in year 13



TABLE 1/2.5-5
PROJECTED EXPER SCHEDE

2OUIT PARK CAS B00 MrU/Y.R DEDICATP LNUCLEA PARK REPRpCE._L

1975 Dollars in Millions

YEAR FQLLOWING CONSTRUCTION START OF FIRST REACT

10 11 12 13 14 15 16 17 18

Land

Permits Licenses Labor 0.1 0.3 0.4 0.3 0.3 0.3 0.2 0.2 0.3 0.3 0.1 0.3 0.4 0.3 0.1

Struct Facil ME 0.0 0.0 0.0 1.2 7.2 5.6 0.0 0.0 0.0 0.0 3.8 6.0 1.2 0.0 0.0

Labor 0.0 0.0 0.0 0.6 3.0 3.8 0.6 0.0 0.0 0.0 1.5 2.5 1.0 0.0 0.0

Plant Equipment ME 0.0 0.0 0.0 4.0 10.5 8.0 0.5 0.0 0.0 0.0 9.0 30.0 18.0 2.0 0.0

Labor 0.0 0.0 0.0 0.3 5.2 6.5 1.0 0.0 0.0 0.0 1.0 15.0 20.2 1.8 0.0

Indirect Costs ME 0.0 0.0 0.0 0.5 1.0 0.5 0.0 0.0 0.0 0.0 0.8 0.2 0.0 0.0 0.0

Labor 2.5 5.0 4.0 3.0 3.0 4.0 2.0 3.0 4.5 4.0 3.0 4.0 4.0 3.0 1.0

p.

Contingency ME 0.0 0.0 0.0 1.5 5.7 4.2 0.8 0.0 0.0 0.0 4.0 10.0 6.0 0.8 0.0

Labor 0.7 1.1 1.3 1.5 3.3 4.5 1.3 1.1 1.3 1.3 1.4 6.5 7.7 1.6 0.5

Based on early completion and licensing of reprocessing plant spent fuel storage facilities but deferral of

processing system completion until sufficient spent fuel backlog is accumulated to support startup and

operation at the full design rate i.e spent fuel storage capability available starting in year 11 and

reprocessing system startup in year 18



TABLE 1/2.5-6

DEDICATED NUCLEAR PARK

MO2 FUEL FAB PLANT CAPITAL COSTS

1975 Dollars in Millions

unit ni Park 20 unit Park

53 MPMO2/year 265 MTMO2/Year
ME Labor ME Labor

Land

Acreage
Permits and Licenses 3.0 3.5

Site Structures Facilities 5.7 3.2 13.0 7.4

Plant Equipment 9.7 2.3 22.5 5.3

Indirect Cost 0.4 8.8 0.9 16.3

Contingency 4.7 5.2 11.1 ____

20.5 22.5 47.5 42.0

43.0 89.5

Requirements for location of MO2 fuel fabrication and support
facilities assuming integration with reprocessing plant scrap
recovery waste treatment and packaging etc and with overall
park facilities potable water supply sanitary/non-process
sewage etc
Metric Tons of Mixed Oxide Fuel
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TABLE 1/2.5-7

PROJECTED EXPENDITURE SCHEDULE

UNIT MINI PARK 53 MrMO2/YR DEDICATED PARK FUEL FABRICATION PLMfl

1975 Dollars in Millions

YEAR FOLLOWING CONSTRUCTION START OF FIRST REACTOR

10 11 12 13

Permits Licenses Labor 0.2 0.6 0.5 0.2 0.3 0.8 0.4

Structure Facilities ME 0.0 0.0 0.0 1.6 2.3 1.6 0.2
Labor 0.0 0.0 0.0 0.9 1.3 0.9 0.1

Plant Equipment ME 0.0 0.0 0.5 2.0 3.2 2.5 1.5
Labor 0.0 0.0 0.0 0.3 0.5 0.8 0.7

Indirect Costs ME 0.0 0.0 0.0 0.3 0.1 0.0 0.0
Labor 1.1 1.3 1.4 1.3 1.2 1.1 1.4

Contingency ME 0.0 0.0 0.1 1.1 1.7 1.3 0.5
Labor 0.4 0.6 0.6 0.8 0.9 1.0 0.9

Based on start-up coinciding with that of 160 MTU/yr dedicated park reprocessing plant

Metrjc Tons of Uranipm



TABLE 1/2.5-8
PROJECTED EXPENDITURE SCHEDULE

20 UNIT PARK CASE 265 MTMO2/YR DEDICATED PARK FUEL FABRICATION PLANT

1975 Dollars in Millions

AR FOLLOWING CONSTRUCTION START OF FIRST REACTOR
11 12 13 14 15 16 17 18

Permits Licenses Labor 0.2 0.7 0.6 0.2 0.4 0.9 0.4 0.1

Struct Facilities ME 0.0 0.0 0.0 2.9 4.8 3.7 1.6 0.0
Labor 0.0 0.0 0.0 1.6 2.3 2.1 1.2 0.2

Plant Equipment ME 0.0 0.0 0.9 4.7 6.5 6.1 4.2 0.1
Labor 0.0 0.0 0.0 0.5 1.4 1.7 1.5 0.2

u-I

Indirect Costs ME 0.0 0.0 0.4 0.5 0.0 0.0 0.0 0.0
Labor 1.8 2.2 2.4 2.2 2.0 2.0 2.3 1.4

Contingency ME 0.0 0.0 0.3 2.4 3.4 2.9 2.1 0.0
Labor 0.6 0.9 1.0 1.2 1.6 1.9 1.7 0.6

Based on startup coinciding with that of 800 MTU/yr dedicated Park reprocessing plant



1/2.5.1.3 ON-SITE FACTORY COSTS FOR NUCLEAR ENERGY PARKS
comparison of the total plant estimates in Tables 1/2.51

and 1/2.52 indicate that in terms of 1975 dollars the
first unit at 20unit energy park costs $66519000 less
than the first unit at 2-unit dispersed site or 4-unit

minipark site This savings in nuclear unit construction
cost has been made possible by the application of modular
construction techniques at the 20unit nuclear energy park
These modular construction techniques are described in

Sections 4.11.5 4.11.7 of this report

The modular construction techniques require the

construction on the site of moduleassembly plant
The basic objective of this approach is to transfer
construction labor away from the actual plant location
where working conditions are relatively unfavorable due
to weather and congestion effects to the controlled
working environment of construction facility the module
assembly plant This transfer of construction labor
results in improved labor productivity both within the
module assembly facility and with respect to the construction
labor remaining at the reactor plant site proper

The estimated cost of the modular assembly plant in
terms of 1975 cost levels Is $64500000 exclusive of

escalationtocompletion costs and interest during construc
tion These costs are distributed as shown in Table
1/2.59

While the initial capital cost of the module assembly
plant largely offsets the savings anticipated with respect
to the first energy park unit the continuing availability
of the module assembly plant should make possible sub
stantial savings on all successive energy park nuclear units

The module assembly plant can service up to eight
nuclear units from single location As result it will
be necessary to relocate the facility at least twice during
the construction of the 20unit nuclear energy park The
cost of each such relocation is estimated at $21500000
This cost element has been incorporated into the total

nuclear energy park cost data presented in Task

1/2.5.1.4 TRAINING CENTER COSTS Another cost
element for 20unit energy park that has been incorporated
into the input cost data for costbenefitsensitivity
analysis of Task is the cost of an onsite training
center which would include laboratories classrooms training
simulators etc The costs assumed for this facility are
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TABLE 1/2.5-9

MODULE ASSEMBLY PLANT COSTS

FOR 20 UNIT NUCLEAR PARK

Year After Award Millions 975 Expenditure

.5 Engineering

1.5 Engineering

2.0 Engineering

3.5 1.0 Engineering

3.5 10.0 Construction
Labor 4.2
Material 5.9

3.5 30.0 Construction
Labor 12.3
Material 17.7

19.5 Construction
Labor 8.0
Material 11.5

TOTAL COST 64.5

Relocation costs for module assembly plant equals

21500000 in 1975 dollars

Assembly plant would be moved minimum of two times
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TABLE 1/2.5-10

TRAINING CENTER COSTS

ASSUMED FOR ENERGY PARKS

NUCLEAR
COSTS 1975 MILLIONS

Nuclenet Simulators 7.0

50000 Ft2 Facility 5.0

Furnishings 1.0

TAL 13.0

Training center would be completed 1/2 years prior
to initial fuel loading of first reactor These costs

are included as park site front end costs

FOSSIL
COSTS 1975 MILLIONS

Simula9rs
5.3

40000 Ft Facility 4.0

Furnishings .7

TOTAL 10.0

These training center costs are also included as fossil

park site front end costs

GE Trademark
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ati1i1510 The training center is to be
be built so that operator training can begin at least

1/2 years prior to start-up of unit in the energy park
The costs for similar facility to be built in fossil
fueled energy park are also included in this table and
will not be repeated elsewhere

1/2.5.1.5 CAPITAL COSTS FOSSIL UNITS Capital
cost estimates for dispersed site and energy park fossil
fired units are based on three different capacity steam
turbinegenerator units which are described in Section 1/2.3
The rationale for selecting units with ratings of 885MW
1075MW and 1320MW is fully outlined in that section

For the dispersed site case 51 month construction
cycle following receipt of construction permit was selected
This appears to be the most representative of current
industry planning For the 24-unit fossil-fueled energy
park case construction cycle of 48 months following
start of construction has been selected based on the dis
cussion of modularization for fossil energy parks found
in Section 1/2.6

The capital cost estimates and corresponding patterns
of expenditures for the first 885MW first 1075MW
and first 1320MW unit at dual unit dispersed sites are
presented in Tables 1/2.5-11 1/2.512 and 1/2.513
respectively The capital cost estimates and patterns
of expenditure for the first unit of each of the size

ratings to be installed in 24-unit fossil-fueled energy
park are shown in Tables 1/2.514 1/2.515 and 1/2.516
respectively

Cost data in these tables are in terms of January 1975
dollars exclusive of escalation to completion costs and
interest during construction

As in the nuclear case the capital costs shown in
these six tables include customer site preparation
charges

1/2.5.1.6 ON-SITE FACTORY COSTS FOR FOSSIL ENERGY PARK
The savings in fossil unit construction cost is made possible
in part by an on-site module assembly facility The capital
costs assumed for this facility were $9.8 million dollars

description of this facility is contained in Section 1/2.6
The estimate of training center costs for fossil energy
park is shown in Table 1/2.510
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TABLE 1/2.5-11

PATTERN OF EXPENDITURES

FIRST UNIT OF DUAL UNIT PLANT

885 MW FOSSIL FIRED UNITS

Millions of Dollars

Year Following C.P Award Total

DIRECT COST

Structures Facilities

Labor 7.2 7.2 4.9 2.1 .1

Materials 6.1 6.3 4.0 1.9 .1

Generation Turbine

Electric Plant Equip
Labor 15.5 15.9 20.0 5.9 .5

Materials 26.5 28.0 34.8 10.3 .9

Heat Rejection System

Labor -- -- 4.6 4.7 2.0

Materials 6.0 5.9 1.7

Environmental Prot Sys
Labor 4.2 10.6 10.7 3.0

Materials 8.8 21.5 22.1 5.8

Turbine Generator 4.3 7.9 11.2 .5

SUBTOTAL DIRECT 59.6 78.3 117.6 64.1 14.1

INDIRECT COSTS

Labor 13.4 10.9 8.2 7.9 1.5

Materials 5.2 6.8 6.8 5.5 .9

SUBTOTAL INDIRECT 18.6 17.7 15.0 13.4 2.4

Expended Prior to

Construction permit ____ ____ ____ ____ ____ 18.1

TOTAL COST FIRST UNIT 78.2 96.0 132.6 77.5 16.5 418.9

Includes Engineering and site survey costs prior to award of construction permit

First Year Before C.P 9.6

Second Year Before C.P 8.5



r.LLL-

Second Year Before C.P 8.5

TABLE 1/2.5-12

PATTERN OF EXPENDITURES

FIRST UNIT OF DUAL UNIT PLA
J075MW FOSSIL FIRED UNITS

Millions of Dollars

Year Following C.P Award Total

DIRECT COST

Structures Facilities

Labor 8.2 8.2 5.5 2.4 .1

Materials 7.0 7.2 4.5 2.2 .1

Generation Turbine

Electric Plant Equip
Labor 17.7 18.1 22.9 6.7 .6

Materials 29.9 31.7 39.2 11.6 .9

Heat Rejection System

Labor 5.6 5.6 1.3

Materials 6.9 6.9 2.0

Environmental Prot Sys
Labor 4.9 11.8 12.3 3.5

Materials 10.0 24.5 25.3 6.7

Turbine Generator 5.2 9.5 13.5 .6

SUBTOTAL DIRECT 68.0 89.6 134.4 73.6 15.2

INDIRECT COSTS

Labor 15.3 12.5 9.2 9.0 1.9

Materials 5.8 7.8 7.6 6.3 1.2

SUBTOTAL INDIRECT 21.1 20.3 16.8 15.3 3.1

Exended Prior to

Construction Permit _____ _____ _____ _____ ____ 20.7

TOTAL COST FIRST UNIT 89.1 109.9 151.2 88.9 18.3 478.1

Includes Engineering and site survey costs prior to award of construction permit

First Year Before C.P 11.0

Second Year Before C.P 9.7



TABLE 1/2.5-13

PATTERN OF EXPENDITURES

FIRST UNIT OF DUAL UNIT PLA1JT

1320 MW FOSSIL FIRED UNITS

Millions of Dollars

Year Following C.P Award Total

DIRECT COST

Structures Facilities

Labor 8.9 8.9 6.0 2.5 .1

Materials 7.6 7.8 4.9 2.4 .1

Generation Turbine

Electric Plant Equip
Labor 19.2 19.7 24.8 7.3 .5

Materials 31.6 33.4 41.5 12.3 .9

Heat Rejection System

Labor 6.1 6.1 1.8

Materials 7.5 7.5 2.1

Environmental Prot Sys
Labor 5.2 13.0 13.2 3.8

Materials 10.8 26.4 27.1 7.7

Turbine Generator 6.1 11.2 16.0 .7

SUBTOTAL DIRECT 73.4 97.0 146.2 79.1 17.0

INDIRECT COSTS

Labor 16.6 13.4 9.8 9.8 2.2

Materials 6.3 8.6 8.3 7.0 L.Q

SUBTOTAL INDIRECT 22.9 22.0 18.1 16.8 3.2

Expended Prior to

Construction Permit ____ _____ _____ _____ ____ 22.3

TOTAL COST FIRST UNIT 96.3 119.0 164.3 95.9 20.2 518.0

Includes Engineering and site survey costs prior to award of construction permit
First Year Before C.P 11.

Second Year Before C.P 10.6

TABLE 1/2.5-14

PATTERN OF EXPENDITURES
ml q1.1TP OF EIGHT



TABLE 1/2.5-14

PATTERN OF EXPENDITURES
FIRST UNIT OF SERIES OF EIGHT

885 MW FOSSIL UNITS TO BE BUILT IN 24 UNIT ENERGY PARK
Millions of Dollars

Year Following c.p Award
Total

PIRECT COST

Structures Facilities
Labor 6.8 6.8 4.6 2.0
Materials 6.3 6.5 4.2 2.0

generation Turbine
Electric Plant Eip

Labor 14.7 15.1 19.3 5.8
Materials 26.5 28.0 34.8 11.3

Heat flelectjon System
Labor 2.6 4.8 3.3
Materials 3.0 4.0 6.0 1.0

vironeta1Prot.Sys
Labor 2.8 3.9 10.0 10.1
Materials 5.8 9.0 21.6 22.2

Turbine Generator 4.3 7.9 11.2 .5
SUBTOTAL DIRECT 70.2 83.8 116.5 58.2

INDIRECT COSTS
Labor 12.8 10.5 7.7 8.6
Materials 5.8 74 7.4 6.6
SUBTOTAL INDIRECT 18.6 17.9 15.1 15.2

Expended Prior to

Construction Permit
16.9TOTAL COST FIRST uirr 88.8 101.7 131.6 73.4 412.4

Includes Engineering and site survey costs prio to award of construction permitFirst Year Before C.p 9.5
Second Year Before C.p 7.4



TABLE 1/2.5-15

PATTERN OF EXPENDITURES

FIRST UNIT SERIES OF EIGHT

1075 MW FOSSIL UNITS TO BE BUILT IN 24 UNIT ENERGY PARK

Millions of Dollars

Year Following C. Award Total

DIRECT COST

Structures Facilities

Labor 7.3 7.3 4.9 2.3

Materials 7.2 7.5 4.9 2.6

Generation Turbine

Electric Plant Equip
Labor 15.8 16.2 20.5 6.3

i1ateria1s 30.0 31.8 39.4 12.8

Heat Rejection System
Labor 2.8 5.2 3.6

I1aterials
3.5 4.6 6.9 1.2

Environmental Prot Sys
Labor 3.1 4.4 10.6 11.1

Materials 6.6 10.0 24.6 25.3

Turbine Generator 5.2 9.5 13.5 .6

SUBTOTAL DIRECT 78.7 94.1 130.5 65.8

INDIRECT COSTS
Labor 13.8 11.4 8.4 9.0

Materials 6.6 9.1 8.8 8.3

SUBTOTAL INDIRECT 20.4 20.5 17.2 17.3

Expended Prior to

Construction Permit ____ ____ 18.5

TOTAL COST FIRST UNIT 99.1 114.6 147.7 83.1 463.0

Includes Engineering and site survey costs prior to award of construction permit
First Year Before C.P 10.6

Second Year Before C. 79

TABLE 1/2.5-16

PATTERN OF EXPENDITURES

FIRST UNIT SERIES OF EIGHT



TABLE 1/2.5-16

PATTERN OF ECFENDITURES

FIRST UNIT OF SERIES OF EIGHT

1320 MW FOSSILUNITS TO BE BUILT IN 24 UNIT ENERGY PARK

Millions of Dollars

Year Following c. Award

Total

DIRECT COST

Structures Facilities

Labor
7.5 7.5 5.0 2.2

iateria1s
8.2 8.5 5.3 2.7

Generation Turbine

Electric Plant Eauip

Labor
16.2 16.7 21.0 6.3

i1atcria1s
31.8 33.6 41.6 13.5

Heat Rejection Systeifl

Labor
2.9 5.3 3.7

Materials
3.8 5.1 7.6 1.3

Environmental Prot Sys

Labor
3.2 4.4 10.9 11.1

Materials
7.8 10.9 26.6 27.3

Turbine GeneratOr
6.1 11.2 16.0 .7

SUBTOTAL DIRECT 84.6 100.8 139.3 68.8

iNpg COSTA
Labor

13.9 11.4 9.1 9.1

Materials
7.7 10.5 10.1 ____

SUBT0T INDIRECT
21.6 219 19.2 18.8

Expended Prior to ___
Construction permit

18.8

TOTAL COST FIRST ThTIT
106.2 122.7 158.5 87.6

493.8

Includes Engineering and site survey costs prior to award of construction permit

First Year Before C.P 10.6

Second Year



1/2.5.2 Operation and Maintenance Costs

Three types of costs make up operation and maintenance

costs These are fixed charges maintenance and operating

and fuel costs Fixed charges are handled in this study

by applying fixed percentage fixed charge rate to the

total capital investment in power generation equipment

Fixed charge rate is one of the parameters varied for sen

sitivity analysis in Task

Operating and maintenance costs for operators and

maintenance men and necessary expendable materials for

both fossil and nuclear units which have been assumed for

this study are summarized in Table 1/2.5-17 In the fossil

case some discussion of these costs can be found in Section

1/2.7.5 where environmental protection systems are con

sidered

The operation and maintenance costs apply to the first

unit at dual unit dispersed site and the first unit of

each output rating at an energy park Successive units

will benefit from operator experience maintenance experience

better spare parts inventory and the operation and

maintenance costs on these successive units will be reduced

by operation and maintenance multiple unit relative cost

factors discussed subsequently

Fuel costs are discussed in two places in this report

Nuclear fuel cycle costs are the subject of substantial

study in Task and fossil fuel cycle costs are covered

in Section 1/2.9 Two tables summarizing the fuel costs

used in the Task cost-benefit study are included here

for completeness of this cost section These are Tables

1/2.518 nuclear and 1/2.519 fossil

In Task additional generating capacity is required

to make up for the predicted difference in transmission

losses for park compared to dispersed sites so that both

parks and dispersed sites will be generating exactly the

same output in the cost comparison of the two types of

sites

This make-up capacity was assumed to be provided by

simple cycle gas turbines Data for these gas turbines is

reported in Table 1/2.520

Other ways to provide this additional generating capa

city are discussed in Task
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TABLE 1/2.5-17

OPERATION AND MAINTENANCE COSTS

FOSSIL UNITS

Unit Size Mills/Kwhr io6 $/Year

885 MW
Labor 1.34 7.79

Materials 1.66 9.65

Total 3.00 17.44

1075 MW
Labor 1.27 8.97

Materials 1.63 11.51

Total 2.90 20.48

1320 MW
Labor 1.21 10.49

Materials 1.59 13.79

Total 2.80 24.28

Based on 75% capacity factor includes cost to

maintain S02 Scrubbing equipment

NUCLEAR UNITS

1300MW
Labor .50 4.52

Material .59 5.41

Total 1.09 993

Based on an 80% capacity factor

GAS TURBINES

Maintenance assumed to be 2.0 mills/Kwhr
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1/2.5.3 DiscUsSion of Capital Costs Nuclear Units

Dispersed Sites The cost estimates of Table 1/2.51

reflect the best judgement of the total cost of construCting

the first nuclear power plant unit at or 4-unit

site Since no such unit of this design has yet been

completed cost elements have been extrapolated from his

toric data on earlier nuclear units and adjusted for current Exapl Br

design code licensing and quality assurance requirements

For purposes of this study total plant estimates

Ore and iC

were broken down into the following components

Civil and structural facilities
convebor

Steam generatiOfl turbine and electrical plant equip SeParat1

ment exclusive of nuclear steam supply system/turbine
plut0n1

generator equipment
FabriCat

Heat rejection system including condenser cooling water RecoVer

pump/motors and piping cooling towers and cooling Pu ReCOV

tower supply discharge and makeup piping and pump/ Re roceS

motors but excluding the condenser proper est

Nuclear steam supply system at current market price
In er

rbjne_geflerat0r at current market price

Indirect costs including temporary construction

construction equipment construction services design

engineering and procuremeflt construction management

preliminary operation/testiflgi contingency and other

indirect costs

The overall schedule for the first unit at dispersed

site requires 96 months or eight years From the date

of contract award to the nuclear steam supply system vendor

to the receipt of Construction Permit is assumed to require
EscaL

30 months Some limited site work may be initiated prior
Case

to the Construction Permit cycle of 66 months is

assumed for construction of the first unit from Con

struction Permit to Commercial Operation For succeeding

units at dispersed site it is assumed that construction

is initiated 66 months prior to the required CommerCial

Operation date summary of the construction schedule

assumptions for all of the units considered in this study

is shown in Table 1/2.521

The pattern of expenditures for field construction work Fuel

has been developed on the basis of the 30/66 month Factor

schedule Work performed prior to the Construction Permit

consists almost exclusively of engineering procuremefltz More Di

and construction management services performed by equipment

suppliers iteCt/engifleer firms and by the utility
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Example BreakdoWn rincipa ue Costs

/MBTU

Ore and losses in conversion io

Conversion

Separative Work Enrichment

plutonium Feed Pu Substitute for U-235
Fabrication Pu and and losses

Recovered Credit
Pu Recovered Credit
Reprocessing

Interest

TOTAL 35

Fuel Cycle Cost Inputs To Computer Program As Function of
Escalation Rate

Escalation Rate Nuclear Fuel Cycle Costs Mills/Kwhr
Case Matl Labor

1975 1980 1985 1990 1994 2020

5%/yr 6%/yr 3.20 4.18 5.43 6.87 8.24 27.46

8%/yr 10%/yr 3.20 4.92 7.52 11.20 15.31 140.90

Fuel cycle cost variations with Fixed Charge Rate Present Worth
Factor and Capacity Factor are not shown

More Discussion of nuclear fuel cycle costs is contained in Chapter
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TABLE 1/2.519

FOSSIL ruEr COSTS USED FOR

COST BENEFIT SENSITIVITY ANALYSIS

COAL Eastern 12000 BTU/lb
Cost at Mine Mouth 1975 dollars $12.75/Ton

Rcprescntative Transportation Costs by Unit Train

DISTANCE s/TON
350 miles 6.69
700 miles 9.21

Total CoLt For Coal

L.TON /106BTU
350 miles 19.44 81
700 miles 21.96 91.5

For Computer Runs with Inflation Coal Costs will BE
Inflated As Follows

ESCALATI ON

Labor Material Fuel

6%/yr 5%/yr 5.5%/yr
1O%.yr 8%/yr 9%/yr

Increasing coal costs due to depletion of supply are
not accounted for in this representative data
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TABLE 1/2.5-20

GAS TURBINE DATA

When the Cost Benefit Sensitivity Analysis Computer

Program calls for the installation of gas turbines to

make up for differences in power delivered due to trans
missiOn loss differences between an energy park and

dispersed site the following data is used

capital Cost Installed $115/KW

Operation Maintenance Costs 2.0 mills/Kwhr

Fuel Cost 19.8 mills/Kwhr
based on
$1.89/106 BTU $ll.5/BBL
6.1 io6 BTU/BBL Oil

Escalation Rate Used

Labor Material Oil

Case 6%/yr 5%/yr 5.5%/yr
Case 10%/yr 8%/yr 9.0%/yr
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Energy Park The cost estimates of Table 1/2.52
reflect the total cost of constructing the first nuclear
power plant unit ata 20unit site Since this unit is of
identical design to that of the first unit at the

dispersed site the same design code licensing and quality
assurance requirements are applicable

Schedule Considerations In the case of the first
unit of the energy park it is assumed that modules will be
available from the moduleassembly plant described in

Section 4.11.6 Thus construction work on the first unit
must necessarily be initiated somewhat later after the
date of contract award than would be the case at dis
persed site Further it seems likely that it will take

longer 12 months to secure construction permit for
20-unit site than for or 8-unit site because of the
added impact of such large concentration of power
generation facilities

Nevertheless there are significant schedule savings
available through application of the module assembly plant
concept Actual nuclear unit construction time is reduced
to 50 months rather than the 66 months estimated for the

dispersed site units

For these reasons the following schedule assumptions
have been made with respect to the first unit at 20unit
nuclear energy park

Start module assembly plant const 36 months after award
Construction Permit 42 months after award
Start first unit construction 48 months after award
First concrete modules available

From module assembly plant -48 months after award

Complete construction of module
assembly plant 60 months after award

First unit commercial operation 98 months after award

In spite of the one-year delay in the start of first
unit construction for the energy park with respect to the

dispersed site case the estimated commercial operation date

forthe energy park first unit is only two months later
than the projected commercial operation date for the first

unit at dispersed site

The second and all subsequent units the energy park
can match or improve upon the scheduled commercial op
eration dates for the dispersed site units
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TABLE 1/2 5-21

CONSTRUCTION SCHEDULE

ASSUMPTIONS FOR ENERGY PARK STUDY

AWARD TO PERMIT TO

TYPE OF PLANT CONST PERMIT COMM OP TOTAL

MONTHS

Fossil Dispersed 18 51 69

Fossil Park 18 48 66

Nuclear Dispersed and

Unit Mini Park 30 66 96

NUCLEAR PARK 20 UNITS Schedu1e- Months After Award

Start Factory
Module Asserrb1y Plant Const36

Construction Permit 42

Start First Unit Using
Modules 48

Complete Factory 60

First Unit Commercial Oper 98

Nuclear Park Summary 48 50 98
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Capital Cost Reductions As discussed in Section

1/2.5.1.3 basic objective of the modular construction

approach is to transfer construction labor away from the

actual plant construction location and into the controlled

working environment of module assembly plant Such
transfer results in improved labor productivity both

within the module assembly facility and with respect to the

construction labor remaining at the reactor plant site

proper

The productivity improvement which can be achieved
varies widely from craft to craft and depends on the Ti

specific construction task being analyzed Although pro-

ductivity improvements of up to factor of appeared
attainable in selected cases of repetitive tasks
conservative overall productivity improvement factor of

was used for labor transferred to the module assembly

plant

This productivity improvement factor is based on

studies carried out by C.F Braun and Company in connection

with an actual refinery construction project Work

measurement units were carefully developed for construction

operations carried out in module assembly facility and

compared with work measurement units for comparable construc
tion operations performed in the field Productivity

improvement factors ranged from 1.5 to 4.0 An

overall factor of appears to be conservative and

realistic choice

corollary benefit of the transfer of construction

labor to the module assembly plant is an improvement in the

productivity of labor manhours remaining at the reactor

plant location due to reduced congestion

It is difficult to establish with certainty the extent

to which specific field construction tasks are amenable to

transfer to the module assembly plant Basic assumptions have

been made with respect to the principal tasks to be

transferred Nevertheless the performance location of

significant portion of the construction work remains

in question Resolution must await the finalization of

detailed construction plans and schedules for both the

reactor site and the module assembly plant locations

1/2-54



cases have been analyzed re
flecting different portions of plant construction laior
transferred to the module assembly plant

The first or reference case assumes the transfer
of 53.6% of conventional direct manhours to the module
assembly plant It is based on craft-bycraft estimate
of amenability to such transfer productivity multiplier
of was assumed for that portion of the labor trans
ferred to the module assembly plant For the portion of
the labor remaining at the reactor site productivity
multiplier of 0.93 was assumed resulting from the re
duced congestion at the site

The combined effects of these improvements in pro
ductivity is reduction of 30% in direct construction
manhours

Construction Labor Reduction

REFERENCE CASE

Conventional Prpductivity Nodular
Construction Multiplier Construction

%Transferred 53.6 0.50 26.8

Remaining 46.4 0.93 43.2

TOTAL 100.0% 70.0%

Reduction Base 30.0%

This reference case served as the basis for the cost
data presented in Table 1/2.52 Pattern of Expenditures
First Unit of 20-Unit Energy Park

To evaluate the impact of less extensive transfer
of field construction labor to the module assembly plant

second or alternate case was developed

This alternate case utilizes the percentages of labor
transfer to the module assembly plant contained in Table 4-5
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of the Braun study which appears as an appendix to Co

Task of this report Additional assumptions were made asSPt
with respect to those structures and locations not included at 0e-

in the Braun table e.g Diesel/Generator Building intake qUire

discharge structures switchyard BE

productivity multiplier of 0.5 was again assumed for 5aviflg

that portion of the labor transferred to the module assembly module

plant For the portion of the labor remaining at the reactor general

site however somewhat higher productivity multiplier of unite

0.96 was assumed than for the reference case Since is

smaller proportion of plant construction labor is transferred for ea

to the module assembly plant in this case the congestion made

problem at the reactor site will not be improved to the same such

degree as in the reference case
1/2.5

Construction Labor Reduction

ALTERNATE CASE 1/2.5
for

Refer

conventional Productivity Nodular WASH

Construct ion Multiplier Construction

Transferred 38.5 0.50 19.3 the
CaUSE

Remaining 61.5 0.96 59.1 gas
WASH

TOTAL 100.0% 78.4% 3anu
time

Reduction Base 21.6% theS

once

Cool

and

In terms of cost 1975 dollars the alternate case
atl

is $12496000 more costly than the reference case
unil

reflecting the reduced savings in direct construction
the

labor 21.6% vs 30.0% and associated indirect costs
885

The net impact of this cost increase is to reduce

the capital cost savings of the first unit at 20-unit
cat

energy park as compared to the first unit at 2- or 4-unit

dispersed site from the $66519000 for the reference cor

case to $54023000 for the alternate case 1n
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Cost estimates in this report are consistent with the

assumption that commerical operation dates are scheduled
at oneyear intervals to conform with system load growth
requirements

Beyond this there remains substantial potential
savings in both time and cost inherent in the energy park
module assembly plant concept for hypothetical case where
generating capacity equivalent to the output of many
units is critically needed as rapidly as possible This
is consequence of the shortened construction schedule
for each nuclear energy park unit No attempt has been
made to quantify the potential savings available through
such cumulative schedule shortening

1/2.5.4 Discussion of Capital Costs Fossil Units

Dispersed Sites The cost estimates of Tables
1/2.5-li to 1/2.513 are based partly on the cost estimate
for 1000MW coal fired plant contained in WASH 1230
Reference and on an update of that estimate found in
WASH 1345 Reference

The process for preparing the estimates was to take
the January 1971 cost from WASH 1230 add the $10 million
caused by design changes and the $50 million for flue

gas desulfurization system in 1971 dollars as specified by
WASH 1345 These 1971 costs were then escalated to

January 1975 assuming that labor had risen 25% during this
time span and that materials had increased by 75% To
these 1975 costs an increment was added to change from
oncethrough cooling to an evaporative natural draft
cooling tower Additional environmental protection features
and contingency dosts were also accounted for before arriving
at the final January 1975 costs for 1000MW coal fired
unit Scale factors contained in WASH 1345 were applied to
the 1000MW costs to arrive at the capital costs for the first

885MW 1075MW and 1320MW units at dual unit sites

The costs were then distributed into the various
categories shown in the tables split into material and
labor components and then allocated over the 51 month
construction cycle discussed previously according to

expenditure patteris
consistent with those found in

industry practice

WASH numbers refer to Atomic Energy Commission
Reports listed in the References Section 1/2.12
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Energy Park The cost estimates for the first units
of each size 885 1075 and 1320MW to be constructed in

24unit fossil energy park shown in Tables 1/2.514 to

1/2.5-16 are based on the estimates for dispersed sites

discussed above The direct labor portions of those

estimates for first units were reduced to reflect savings on

the construction costs by using some of the modular concepts
for fossil units discussed in Section 1/2.6 where the

specifics of this reduction are reported

The costs were then allocated over the 48 month con
struction cycle assumed for the fossil energy park

The successive units will come on line at one year
intervals and their costs will be discussed in Sections 1/2.5.5
and 1/2.5.6 on multiple unit relative cost factors which
follow

1/2.5.5 Multiple Unit Relative Cost Factors Nuclear Units

In evaluating the economies inherent in repetitive
construction of nuclear units of identical design costs

were divided into five categories

Direct construction labor

Direct material and equipment
Nuclear steam supply system
Turbinegenerator
Indirect costs

For each of these cost elements estimates were developed
for the relative cost on succeeding units with respect to the

corresponding cost for the first unit This approach was
followed for both the dispersed site and energy park cases

Dispersed Site Following is summary of multiple
unit relative cost factors for the 2unit dispersed site and

4-unit minipark cases

Unit Direct Direct Natl Indirect
No Labor Equipment NSSS T_G Costs

1.00 1.00 1.00 1.00 1.00

0.94 0.95 0.97 1.00 0.72

0.93 0.95 0.95 1.00 0.60

0.88 0.92 0.95 1.00 0.55

Nuclear Steam Supply System
TurbineGenerator
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These relative cost factors reflect two categories of
savings

Reduction in certain structural and equipment require
ments associated with the secondof--apair nuclear unit
principally civil/structural aspects about 75% Speci
fically significant reductions are estimated for such
items as circulating water facilities and such shared
structures as the administration service and water treat
ment buildings With respect to plant equipment proper
the urgency of achieving standardized nuclear plant
design precluded the inclusion of shared nuclear facilities
except for the radwaste system/building and the control
building In these cases the relatively minor incremental
cost of expanding firstunit facilities to accept
second unit appeared to justify the extremely minor second
unit modifications to the standardized design assumed for
all other components of the nuclear plant

These considerations do not apply to the third unit of
four-unit mini-park We have assumed that shared facilities

would not be extended beyond two units Hence the third
unit would be essentially identical to the first unit

-Learning Curve MultipleBuy and Standardized
Design effects are responsible for the largest share of
succeeding unit cost reductions

The magnitude of construction labor productivity
improvement on repetitive nuclear plant construction will
depend primarily on the stability of the work force This
will depend in turn on the state of the economy generally
and competitive demands for the crafts involved from other
construction activity in the same geographical area It
is assumed that these factors will be less disruptive in
the future than they have been in the past and that more
stable and responsive labor force will be recruited and
deployed

Multiple Buy effects reflect cost reductions available
through the simultaneous purchase of material and equipment
for two or four units The nature of these markets is such
that major price concessions are generally available for two
and four unit purchases Rarely do such price reductions
exceed 10% and are often below this
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Of critical importance to the realization of succeeding
unit cost reductions is the achievement of standardized

plant design for all nuclear units The assumption of such

standardized plant design underlies all cost estimates

appearing in this work and is responsible in large measure
for the expected economies associated with multipleunit
construction at both the dispersed site and energy park

For the dispersed site and mini park cases we have

estimated that design engineering costs for the second
unit will be 50% of the first units cost for the

third unit 30% of first unit cost and for the fourth

unit 20% of the first unit cost

Design Engineering costs are included in Indirect
Costs in the tabulation of multiple unit relative cost

factors

Any significant modification to the standardized design
of the nuclear units will not only erase most of the poten
tial savings in design engineering but will have significant
impact on other nuclear unit cost components In addition
to extending the overall construction schedule with

consequent increases in escalation and interest during
construction costs learning curve multiplebuy and other
cost reduction opportunities will be severely diminished

Energy Park Following is summary of multiple
unit relative cost factors for the energy park reference

case

Unit Direct Direct Natl Indirect

No Labor Equipment NSSS Costs

1.00 1.00 1.00 1.00 1.00
0.96 0.93 0.97 1.00 0.72

0.94 0.91 .0.95 1.00 0.65

0.93 0.90 0.95 1.00 0.61

0.93 0.90 0.95 1.00 0.61
0.93 0.90 0.95 1.00 0.61
0.93 0.90 0.95 1.00 0.61
0.93 0.90 0.95 1.00 0.61
0.93 0.90 0.95 1.00 0.73

10 0.93 0.90 0.95 1.00 0.61
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Unit Direct Direct Natl Indirect

No Labor Equipment NSSS Costs

11 0.93 0.90 0.95 1.00 0.61

12 0.93 0.90 0.95 1.00 0.61

13 0.93 0.90 0.95 1.00 0.61

14 0.93 0.90 0.95 1.00 0.61

15 0.93 0.90 0.95 1.00 0.73
16 0.93 0.90 0.95 1.00 0.61

17 0.93 0.90 0.95 1.00 0.61

18 0.93 0.90 0.95 1.00 0.61

19 0.93 0.90 0.95 1.00 0.61

20 0.97 0.90 0.95 1.00 0.62

For the alternate energy park case described in Section

1/2.5.3 the Direct Labor and Indirect Costs multiple

unit relative cost factors will differ somewhat from those

listed above Multiple unit relative cost factors for the

other components -Direct Material Equipment NSSS and

T-G remain unchanged

Following is tabulation of Direct Labor and

Indirect Costs multiple unit relative cost factors for

the energy park Alternate case

Unit No Direct Labor Indirect Costs

1.11 1.03
1.06 0.75

1.04 0.68

1.02 0.64

1.00 0.63

1.00 0.63

1.00 0.63

1.00 0.63

1.00 0.76
10 1.00 0.63

11 1.00 0.63

12 1.00 0.63

13 1.00 0.63

14 1.00 0.63

15 1.00 0.76
16 1.00 0.63

17 1.00 0.63

18 1.00 0.63

19 1.00 0.63

20 1.07 0.64

1/2-61



The relative cost factors used for Unit No refer tic

to the Reference case first unit costs at the se
20-unit energy park as presented in Table 1/2.52 the

The increase in Indirect Costs factor for Units
and 15 is accounted for by the relocation of the di

module assembly plant after the 8th and 14th units

Again these relative cost factors reflect the two

categories of savings as discussed in Section 1/2.5.5
of

Reduction in certain structural and equipment require ca
ments associated with the secondofapair nuclear unit
and --

Learning Curve Multiple Buy and Standardized Design
Effects

The pattern of savings from these effects differs

significantly from that described for the dispersed site --

case Section 1/2.5.5 Most of the construction labor

productivity improvement results from transfer of labor

from the reactor location to the module assembly plant The

controlled working environment of the module assembly
plant makes possible much greater improvements in labor

productivity than could be achieved by learning curve
benefits through repetitive construction at the individual
reactor sites

The module assembly plant not only provides improved
ambient conditions but makes possible the effective
utilization of special tools jigs and fixtures not

practical at the reactor sites proper These and other
benefits are described in Section 4.11.5

While the major reason for construction labor pro
ductivity improvemert is the module assembly plant some

learning curve improvement is possible for field con
struction labor on units following the first These will be

somewhat reduced from those presented for the dispersed site

case since assembly operations will be more efficiently
carried out for the first unit of the energy park through
use of the module assembly plant

The need for standardized design is even more essential

for the module-assembly plant energy park concept than for

the dispersed site case Significant design changes would

not only disrupt construction schedules but couldvery well

necessitate costly modifications to the design and construc
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tion of- the module assembly plant consequences could be

severe
in tX1ttS of overall cost and could very well negate

the entire fea5jb1tY of the modular approach

Multiple-buy effects will be little different from the

disPerS site case

1/2.5.6
1tiple Unit Relative Cost Factors Fossil Units

In aluating the economies in repetitive construction

of fossil units of identical design costs were divided into

egOries

__Direct Construction Labor

Structures
Generation Plant Equipment

Heat Rejection System

Environment protection Systems

__Direct Material and Equipment

Structures
Generation plant Equipment

Heat Rejection System

Environmental Protection Systems

__IndireCt Costs
Labor
Materials

--Unit Costs Expended Prior to Receipt of ConStrUction permit

_Turbifle Generator

For each of these cost elements estimates were developed

for the relative costs on gcceeding units with respect to

the corresponding cost for the first unit This approach was

followed for both the dispersed site and energy park cases

Table 1/2.521 is summary of the multiple unit relative

cost factors for the fossilfueled dispersed site case

These relative cost factors reflect two categories of

savings

_ReduCtiofl in certain structural and equipment require

ments associated with the second_OfaPr fossil unit

principally civil/structural aspects about 75% Specific

ally significant reductions are estimated for such items as

circulating water facilities and such shared structures as

the administration service and water treatment uilding5

_-Learning It u1tip1eBuy and Standardized

Design effects are responsible for the largest share of

succeeding unit cost reductions
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The magnitude of construction labor productivity

improvement on repetitive fossil plant construction will

depend primarily on the stability of the work force This

will depend in turn on the state of the economy generally

and competitive demands for the crafts involved from other

construction activity in the same geographical area It

is assumed that these factors will be less disruptive in rE

the future than they have been in the past and that more
0I

stable and responsive labor force will be recruited and

deployed ei

As in the nuclear case Multiple Buy effects apply

to the fossil case Standardized plant design is also

critical for the fossil plants if succeeding unit cost

reductions are to be achieved

The basis for the dual unit savings factors of Table

1/2.522 is the dual unit estimate found in WASH 1345 for

1300MW coal fired units with SO2 removal systems These

factors are assumed to hold for the 885MW 1075MW and

1320MW units

For the 24 unit fossil energy park case multiple unit

relative cost factors are shown in Table 1/2.523

Since large energy park with large number of identical

units has never been built up to this tine it is necessary

to make estimates of the possible savings based on

rather limited data base In this data base goes experience

of other industries such as the C.F Braun study in an

appendix to Task previous studies such as those found

in Reference and and the opinion of those exper
ienced with construction projects The multiple unit re
lative cost factors shown in Table 1/2.523 for the 24unit

energy park were chosen as consequence of studying the

aforementioned data base In the sensitivity analysis to

be reported in Task computer run was made in which

the multiple unit cost factors were reduced so that only

50% of the estimated savings would occur to see how much

this affects the overall comparison between 12 dual unit

fossil dispersed sites and one 24-unit fossil energy park
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The multiple unit relative cost factors for fossil

plants as shown in Table 1/2.523 appear to lead to larger
reduction of the first unit capital cost ii successive units

than those shown previously for the nuclear units in the

nuclear energy park This is due to the fact that the unit

base cost for the first unit in the nuclear energy park was
reduced significantly as result of the estimated savings
on that unit through modularization While some reduction
in first unit base cost for the first unit in fossil

energy park was assumed the amount was relatively minor
For further discussion of this aspect of the fossil unit

miltiple unit factors see Section 1/2.6

1/2.5.7 Multiple Unit Relative Cost Factors Operation and
Maintenance

Another category of multiple unit relative cost factors
remains This is the set of factors assumed to estimate
the cost savings potential in operating and maintaining
the units in an energy park These factors for both fossil
and nuclear units reflect the savings which would occur
through better operator and maintenance training and
effectiveness reduced parts replacement time due to larger
on-site supply of spare parts better feedback from one
unit to the next to permit inspection and preventitive
measures this preventing identical problems on other units
and other factors

The multiple unit relative cost factors for operation
and maintenance are shown in Table 1/2.524 These factors
when applied produce labor cost which will pay for
labor force similar in size to the proposed staffing by
utilities of multiple unit plants Note that as in the case
of relative cost factors for capital costs the materials
needed for maintenance purposes are not drastically
reduced by these factors The only savings in materials
will occur from discounts received upon large quantities of
supplies the potential for better storage and retrieval
system for these supplies and well planned nonwasteful use
of these supplies

1/2.5.8 Regional Effects On Cost of Power Plant Cnstruction

Wage Rate Differentials the capital cost estimates
for construction of the moduleassembly plant and nuclear
energy units are based on craft wage rates prevalent in the
Chicago area
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TABLE 1/2.5-22
RELATIVE COST FACTORS FOR

TWO UNIT FOSSIL DISPERSED SITE

CATEGORY UNIT NUMBER

DIRECT COSTS

Labor

Structures 1.0 .75
Generation Equipment i.o .80

Heat Rejection System i.o .91
Environmental Protection Systems 1.0 .91

Equipment Materials

Structures i.o .79
Generation Equipment 1.0 .92
Heat Rejection System 1.0 .95

Environmental Protection Systems 1.0 .95

INDIRECT COSTS

Labor 1.0 .60

Materials 1.0 .88

UNIT FRONT END COSTS 1.0 .47

Money expended on each unit prior to receipt of
construction permit
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TABLE 12.523
RELATIVE COST FACTORS FOR

SUCCESSIVE FOSSIL UNITS 1L424 UNIT ENERGY P2

t2IT srz
885 MW 1075 MW 1320 MW

TITNUER
10 12 1316 18 19 20

rec CcstS

Direct Labor

Strcz-reS 1.0 .88 .85 .8 .77 .95 .88 .S .8 .77 .95 .88 .85 .8 .77

Env rrot Heat Rejt 1.0 .91 .85 .8 .77 .95 .9 .83 .77 .77 .95 .9 .83 .77 .77

General Ep.ipfleflt
1.0 .82 .79 .76 .76 .95 .82 .79 .76 .76 .95 .82 .79 .76 .Th

irect Eru1p Matl
Strctre 1.0 .91 .86 .82 .8 .98 .91 .86 .82 .8 .98 .91 .86 .82 .8

Erv Prt Equipner.t
1.0 .93 .91 .89 .87 .9S .93 .91 .89 .87 .98 .93 .91 .89 .87

a- Eq.lpeflt 1.0 .94 .91 .9 .9 .98 .94 .91 .9 .9 .98 .94 .91 .9 .9

Eeat Re ateria1 1.0 .95 .93 .91 .9 .98 .95 .93 .91 .9 .98 .95 .93 .91 .9

InrCCt Costs

Labor 1.0 .75 .65 .6 .6 .92 .75 .65 .6 .6 .92 .75 .65 .6 .6

Y.teria1s 1.0 .89 .78 .67 .6 .98 .89 .78 .67 .6 .98 .89 .78 .67 .6

Jnit Front End Cot 1.0 .47 .3 .25 .25 1.0 .47 .31 .25 .25 1.0 .47 .31 .25 .25

Money expended on each unit prior to receipt of construction permit



TABLE 1/2.5-24

OPERATION JTD MAINTENANCE RELATIVE COST FACTORS

FOR SUCCESSIVE UNITS

Unit Number

Type of Site
24

Nuclear

Dispersed
Labor 1.0 .8 XXX
Material 1.0 .95

Unit Mini Park

Labor 1.0 .8 .i .6 XXX
Material 1.0 .95 .93 .9

20 Unit Park

Labor 1.0 .8 .7 .6

Material 1.0 .95 .93 .9

58 10 11 12 1316 17 18 19 2024

Fossil

Dispersed
Labor 1.0 .8

Matls 1.0 .95

24 Unit Pk
Labor 1.0 .8 .7 .6 .5 .95 .8 .7 .6 .5 .95 .8 .7 .6 .5

Matls 1.0 .95 .93 .9 .9 .98 .95 .93 .9 .9 .98 .95 .93 .9 .9



If

Weighted average labor rates have been calculated for
number of other metropolitan Centers in the United States

These weightings are based on the relative percentages of
total construction labor contributed by each of the crafts
employed

Using Chicago labor rates as base of WOO equivalent
weighted wage rates vary from 0.756 for metropolitan
center in the southeastern United States to 1.054 for
western United States location

These factors are based on published wage rates in
selected metropolitan centers and may not be applicable
to dispersed sites and energy park sites which will be
located at considerable distances from urban population
centers

tabulation of relative nuclear unit construction
labor wage levels for selected cities in the United Statesfollows

Chicago 1.000
Boston 0.982
Atlanta 0.819
St Louis 0.980
Houston 0.770
Los Angeles 1.008
New Orleans 0.777

The capital cost estimates for the fossil units are
based on WASH 1320s hypothetical Niddletown USA-site
which is assumed to have average craft wage rates The
variations in wage rates from city to city for fossil units
are similar to those shown for nuclear units References

and contains some evaluation of the capital cost
variations for building 1000 and 1300MW fossil units in eachof 20 cities

Productivity Differentials There are important
productivity diferences among the different geographical
areas of the United States with respect to construction
labor on nuclear energy units These are difficult to
quantify because

There are no published data on nuclear plant construc
tion labor productivity based on objective obser
vations or measurements for the various geographIcal
areas of the U.S
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Plant design as well as applicable code and quality
assurance requirements vary from one plant to another
and from year to year This effectively eliminates the
feasibility of sidebyside comparisons of labor
requirements for equivalent operations in different
geographical areas

Nevertheless investigation of the limited data avail
able leads to the conclusion that there probaly are sig-
nificant differences in the number of manhours required for
construction of identical nuclear energy units in different
geographical areas

Using Chicagoarea manhour requirements as base 1.00
it is estimated that construction labor requirements range
from factor of 1.25 in certain midAtlantic locations to
factor of 0.95 in selected areas of the Southwest

There appears to be no direct correlation of wage
rate levels and productivity levels The region with the
lowest productivity of those investigated for example
has higher wage rate than that prevalent in another region
where the productivity appears to be significantly higher
Wage rates and productivity might normally be expected
to vary in direct proportion Productivity levels can
differ significantly even within geographical area
depending on the labor policies of the employer and the level
of other construction activity in the area at the time

As result estimates of nuclear unit construction
labor productivity are necessarily approximate and should
be applied judiciously

For fossil units productivity also varies in different
geographical regions and with labor policies etc It
should be recognized that these variations are significant
and the capital cost for new installation at specific
site should be estimated with these factors taken into
account

1/2.5.9 Labor Requirements Nuclear Unit Construction

Dispersed Sites The estimated manual labor require
ment for construction of the first 1300MW unit of 2- or
4-unit plant at dispersed site is 11.1 million manhours
Of this total 7.5 million manhours are direct labor and
3.6 million manhours are indirect labor These estimates do
not include such major nonmanual labor contributions as
engineering and construction management
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The following tabulations summarize the average manual
labor manpower requirements by year for the and
unit plant

Average Work Force Two Units At Dispersed Site

Year

Direct 316 1090 1855 2131 1432 411 26

Indirect 531 767 582 547 460 294 96

Total 847 1857 2437 2678 1892 705 122

Average Work Force Four Units At Mini Park

Direct 316 1090 2149 3147 3163 2400 1363 384 23

Indirect 531 767 952 1107 889 700 451 240 84

Total 848 1857 3101 4254 4042 3100 1814 624 107

year following start of construction on first unit

Peak work force requirements may exceed the average
work force estimate presented in the preceding tabulations
by significant percentage There are two principal
reasons for this difference

During the build-up phase of the first year the work
force at the end of the year will be substantially
greater than the work force early in the year How
rapidly the work force builds up will dependon labor
conditions in the area and the management philosophy
of the construction firms Conversely the reverse
may occur during the final year of construction.- Thus
peak work force coinparisions are less leaningful than

average work force comparisions as measures of actual
labor requirements

principal objective of construction planning and

scheduling is to levelize shortterm peaks in manpower
demand arid thus reduce the number of construction
workers required to accomplish the necessary construction
operations The ratio of peaktoaverage work force
is then measure of construction management effective
ness and is likely to vary from project to project
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Energy Parks As indicated in Section 1/2.5.1 energy
T1

park construction based on the modular construction con CC

cept results in significant reduction 31.4% in direct

construction labor for the first unit over the corresponding

dispersed site case ii

The estimated manual labor requirement for construction
ci

of the first unit of 20-unit nuclear energy park is 8.2

million manhours Of this total 5.1 million manhours are

direct labor and 3.1 million manhours are indirect labor

These estimates do not include the labor required for

construction of the moduleassembly plant nor do they

include nonmanual labor required for construction of the

nuclear unit itself

The following tabulation summarizes the average manual

labor requirements by year for the first four units of

the 20-unit nuclear energy park

Average Work Force Four Units At Energy Park

Year

Direct
ModuleAssembly 198 583 949 997 808 437 74 11

Plant Location

Reactor Location 236 694 1436 1535 1307 862 155 17

SubtotalDirect 434 1277 2385 2533 2115 1299 229 28

Indirect 445 671 885 1093 865 717 456 55

TOTAL 879 1948 3270 3625 2980 2016 685 83

Does not include construction of moduleassembly plant

Year following start of construction on first nuclear unit

The above tabulation reflects work force requirements for

the first four units only at the energy park This permits

direct comparision with the ItAverage Work Force Four

Units At Dispersed Site tabulationwhiCh appeared previously

in this section In both cases work will be in progress on

four units during the fourth year following the start of

construction of the first unit In the dispersed site case

the expected average work force for this year will be

4254 in the energy park case 3626 reduction of about 15%
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This reduction in work force is achieved even though the
construction schedule for each energy park unit is 16
months shorter than for each dispersed site unit

In the energy park case construction of units is
initiated at one year intervals Commencing 48 months after
contract award After the fourth year work will be in
progress on as many as five units during the fifth and
all succeeding years until the twenty-first year

Based on the 50month Construction schedule and the
multiple unit relative cost factors presented in Section
1/2.5.5 the average work force at the energy park is
expected to stabilize at 3793 manual construction workers
With the added flexibility made possible by the module assem
bly plant the ratio of peak-to-average work force at the
energy park should be held to lower levels than at the
dispersed site

1/2.4.10 Labor Requirements Fossil Unit Construction

The available data base for estimating the labor
requirements on large fossil units with recent environmental
protection additions such as scrubbers is not sufficient
to give detailed breakdown as was done for the nuclear
units previously The labor required for single unit is
in the range of 83 to 87% of that required on the nuclear
unit of comparable size so that an order of magnitude
approximation would indicate that the levelized work force
would reach 3140 to 3300 men when the 1320MW units are under
construction on 48 month construction schedule In the
earlier years of the energy park when the 885 and 1075MW
units are under construction the work force would be between
2000 and 2500 men As in the nuclear case no labor for
building the on-site construction facility was included

1/2.5.11 Total Labor Requirements

In addition to the construction labor force require
ments for each type of energy park there will be need
for construction management force crew of operators
maintenance men and an office staff Should other in
dustries colocate this would also require another labor
force

In the nuclear energy park additional labor will be
required to build the fuel fabrication and reprocessing
facilities The onsite manufacturing facilities will also
require construction labor It is not hard to see thatwhile not enough details are known on some of these labor
requiremen at this time by the time the working community
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necessary to support all of this activity and all of the non-

working wives and children are counted community in the

size range of 40 to 60 thousand people could be established

More discussion of the park community development and its

potential sociological impacts is found in Task

1/2.6 MODULARIZATION FOR FOSSIL-FUELED ENERGY PARXS

While modular construction techniques have been

considered in great detail for the nuclear fueled energy

park in this study Task little consideration has been

given to the economic benefits of modular construction that

might be possible in fossil fueled energy park This

section will discuss and try to assess the potential for

savings and delineate areas of the fossil fueled units that

lend themselves to modularized construction

It is important that the reader understand the context

of the term module as used in this section module

is an assembled system subsystem or part of system or

subsystem that is larger than could be shipped to the energy

park site by conventional transportation means such as rail

shipment While at some sites it will be possible to ship

large parts by barge it is not logical to assume that

every site in the future can be reached by an extension of

the countrys inland waterway system The large modules

are assembled from smaller parts in an onsite manufacturing

facility to be discussed later Other modules may be merely

castinplace concrete whose forms are built in the man
ufacturing facility and poured-from the output of an on-site

concrete batch plant The site will be provided with

adequate transporters and gantry cranes or pedestal cranes

to lift and move the modules to the construction area for

erection Most of the savings associated with modularization

is labor productivity improvement which will be gained

by moving much of the direct labor away from the construction

site which is subject to the weather and people congestion

and replacing it with higher productivity labor in the on-

site manufacturing facility The result will be labor

savings and an associated construction cycle shortening

The large size of an energy park and the long con
struction period will make it economically possible to have

very complete onsite prefabrication and assembly facil

ities so that the application of these novel or modular

construction techniques can be optimized

1/274



The major requirement to enable this approach to

tlpay...off is that large number of units will be built

to exactly the same specifications at the site in other

words exact duplicates The fossilfueled energy park
being considered by this study is to contain eight units

of each MW rating No attempt has been made to find the

breakeven point where the onsite factory approach begins

to save money It is undoubtedly much below the 24-unit
26240MW coal fired energy park level The reader is

again referred to Task where lengthy discussion of the

current mode of construction for power plants describes the

process as basically custom design for each unit and the

advantages for standardized plants built by novel construction

methods are expounded

The following discussion of potential areas of the

fossil plant that are suitable for modular construction

is divided into three sections which are the boiler turbine

building and the balance of plant Following these

sections will be section on the onsite factory and

discussion section on how the actual cost savings for

modular construction was handled in the cost benefit and

sensitivity analysis program reported in Task

1/2.6.1 Boiler Modularization

The coal fired units being considered for construction
in an energy park 885 to 1320MW have boilers that must

produce from to 10 million pounds of steam per hour
Boilers of this size are roughly 280 feet in height 200 feet

wide and over 250 feet long They are oncethrough boilers
that produce 1000F steam at 3500psi throttle pressure with

one stage of 1000F reheat Most of the internals of the

boiler consist of tubing which is structurally supported
from the top of an external supporting structure This

permits thermal growth to be compensated for near grade
level Figure 1/2.6-1 shows typical boiler of the type

being considered

Boiler manufacturers currently place emphasis on

maximum shop fabrication The end result being large water
wall panels and header sections such as the one shown

in Figure 1/2.6-2 Other completely assembled components
include mixing circuits assembled flue and duct sections

etc limited in size only by rail and roadway shipping
clearances In the field ground fabrication has generally
been practiced to maximum extent
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Smaller boilers are modularized to much greater
extent in the factory Complete shop assembled boilers up
to 500000 lbs/hr are currently produced

For larger units in the 800NW range heat recovery
modules 66 10 17 weighing 115 tons each are shipped
to site Windbox and burner modules would also be
shipped There would be modules approximately 50 16

15 each weighing 83 tons The headers coils burner
section and panels are assembled in as big sections as
possible before shipment to the site

Because of the current amount of modularization pre
valent in the large boiler industry duplicate units at
the same site and to somewhat lesser extent at different
sites afford the advantages of accruing benefits such
as cost savings for initial equipment reduced spare
parts inventory construction savings operator training
savings and startup and adjustment time savings
Reference reporting on series of boilers purchased
by AEP from Foster Wheeler points out the reduction of
manhours for each steam generator due to the construction
crew learning The five units were installed at two
sites so the learning was not maximized and the labor
productivity at the two sites was not equal However the
second unit at one site showed 12% manhour reduction and
the third unit 24% manhour saving At the second site
the first unit saved 8% of the labor as compared to the
first unit at the first site The second unit at the
second site saved 12% of the manhours

It would seem after reading these facts that large
boiler erection did not hold much prospect for further
improvement and savings by using larger or super modules
assembled on the energy park site While the additional
savings may not be quite as great as those postulated in
Task on the construction of nuclear plant components by
modularization FosterWheeler Energy Company the boiler
manufacturer consulted for this study does feel that further
significant savings can be attained through using onsite
manufacturing facilities These facilities will employ EL

advanced assembly techniques under ideal handling con
ditions to assemble modules larger than shipped size
using automatic and semiautomatic welding procedures
shop assembled joints aroundtheclock operations and
controlled conditions that minimize weather problems

This on-site facility would have exceptional material
handling capabilities The facility would include auto
matic welding equipment cutting bending shearing rolling
pipe bending and pipe stress relieving equipment It
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FIGURE 1/2.6-2 108 FOOT SUPERPANEL MADE BY FOSTER tJ WHEELER



would also include complete machine shop containing the
normal items such as power saws lathes drills grinders
and hand tool crib etc

The modules that would be built in such facility would
consist of components of the economizer primary and
secondary superheaters air preheaters etc Further
assembly of the windbox and furnace hoppers might also be
possible

In the waterwall area if super modules larger than
that shown in Figure 1/2.6-2 were to be welded together
additional temporary framework would be required to com
pensate for erection stresses The size of modules would
be limited by weight working area opening sizes in the
structure and erection stresses

The plate work on flues and ducts could be done in
the onsite factory assembly floor then moved to an out
door storage area This would save some of the expense
of covered warehouse area

Preassembly of submodules to larger modules could be
extended to the coal preparation coal handling and
coal storage equipment also

The flue gas desulfurization system is usually placed
alongside the boiler before the stack Currently large
scrubbers take almost as many hours to erect as does the
steam generator system While little consideration has been
given to the possibility of modularization of the scrubber
system undoubtedly some of the subasseinblies piping
systems and ducting will be potential candidates for
modularization

The key to savings through modularization will be
to carefully preplan the on-site facility to handle modules
which have been predesigned as part of an overall boiler
redesign with total modularization in mind and to

carefully program the construction sequence to optimize the
use of the modules the facility and the labor force This
concept will hold true in other areas of the plant as
well as in the boiler area

Another concept that can lead to labor savings at the
erection site is one of partial temporary covers over the
structure once it is in place This cover would afford
partial protection from the elements for the field labor
and should increase their productivity The covers should be
economical when considered with their resultant savings es
pecially when they can be used on more than one unit



An estimate of the labor savings assumed to occur

through the removal of field labor and the siabstitiition

of higher productivity labor in the onsite factory was

made with the help of FosterWheeler The removable cover

over the structural steel was assumed to be provided

Since the onsite factory would be erected prior to

construction of the first imit in park direct labor

savings will occur on the first unit It is estimated-that

the labor multiplier for the eight 885MW units in the

energy park will be

Unit Ntiinber

48
Labor Multiplier .8 .74 .70 .67

1.0 refers to base of approximately one million

manhours which are currently needed to erect the same

size boiler by conventional field erection construction

techniques

If the next eight 1075MW units built in the park were

from different supplier the labor reduction on the first

unit of this size would not continue to be 0.67 but would

be

Unit Number
48

Labor Multiplier .74 .7 .67 .67

If the 1075MW size boilers were from the same manufacturer

the experienced labor crew could probably erect the first

unit at factor of .7 and the following units at .67

For the 1075MW units 1.0 refers to base of 1180000
manhours required to field erect this boiler by conventional

construction techniques If the next eight 1320MW units

built in the energy park were from different supplier
the labor multiplier would again be

Unit Number
48

Labor Multiplier .74 .7 .67 .67

For the 1320MW units 10 refers to base of 1420000
manhours required to field erect the boiler by conventional

construction techniques In addition to these savings
attributed directly to the replacement of field labor with

factory labor there will be the labor savings associated

with normal learning on repetitive units
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The impact of learning factors on dispersed sites is
considered as follows While there has been learning
assumed for the second unit of dual unit dispersed site
the third unit on the next dual unit dispersed site
starts over again at factor close to 1.0 because the site
is different the labor force is new and different and the
construction management is new and different and all of
these contribute to entirely new conditions Another
factor which has not been considered is the wide range in

productivities from site to site and geographic region to

region that could even cause the first unit at the second
dual unit dispersed site to have labor multiplier greater
than 1.0 Geographical variations in capital costs are
discussed in Section 1/25

The actual cost savings calculated by the computerized
costbenefit and sensitivity analysis program is reported
in Task The method by which the inputs for this program
were generated and how the above estimated savings are
reflected is documented in 1/25 where the learning or

multiple unit relative cost factors are enumerated
Section 1/2.64 contains brief discourse on the logic
used to arrive at capital costs and learning multipliers
for fossil fired units in this study

1/2.6.2 Turbine Room Nodularization

The major cost feature of the turbine building is the

turbine generator and its foundation The construction
sequence of this building by conventional means is

discussed in 4.11 of this report Conventionally this
building is equipped with 220 ton overhead crane which is

used for moving and placing components in the turbine
building However the generator stator itself weighs at
least times this much and therefore requires special
rigging The availability on site of 1000 ton crane could
decidedly alter the approach to erecting the turbinegenerator
and have great impact on the design and erection sequence
of the building The Braun Study which is an appendix
to Task looks at the turbine building for nuclear plant
and itemizes each module by weight for the structure of the

building It also lists mechanical electrical and piping
moCles that ar possible in the turbine building That
list Table 4-4A does not determine the exact number of

modules module size or details of design as it is not within
the scope of this study
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Many of the potential modules for the nuclear steam

turbine building would be the same in fossil fueled

steam turbine building such as prefabricated piping for

feedwater heaters feedwater heaters skidmounted main

condenser with tubes circulating water piping motoI

control centers etc

In the previous GE study Reference discussion of

the turbine generator island arrangement to determine its

most favorable arrangement in order to take advantage

of the major station crane and to assure compatability and

coordination during the construction process was made

The ultimate arrangement of the plant must avoid hazardous

lift movements that would interfere with construction of

plants in process or plants completed and in operation The

modular concept was assumed for all major components in

cluding the urbinegeflerator foundatiOn

1/262.1 TUPINEGENET0R MODULES The following

description of the modular approach for urbiflgeflerator

modules is repeated from Reference for completeness

Starting with the largest assembled component available

from the Large Steam TurbineGenerator shops an

assembly area at the anufacturiflg site in the energy

park can be arranged for erecting the turbine and

generator major sections as complete modules This

erection work on the modules can be processed in

this separate assembly area adjoining the final site

while the foundations and other structures In the

turbine area are being constructed At completion

of the module assembly each would be loaded onto

suitable moving devices and placed in its final

position by the large gantry crane The sequence

is illustrated Ofl the assembly drawing Figure

1/2.93

To permit the erection and handling of these larger

assembled turbinegeflerat0r modules without causing

deformation and to assure mechanical stability of

the components provisions must be made in the struc

tural design of the components and the lifting

apparatus This aspect had been reviewed with the

Steam Turbine Department to determine the potential

of this approach to rbine_geflerat0r erection There

are various devices available in the industry

that can be utilized In the handling and positioning

of the completely assembled turbine_generator com

ponents to permit the control and fine lineup

accuracy required To review the feasiblitY of this
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concept preliminary study was imdertaken with
Steam Turbine Engineering to determine how to add
the required structural members and handling devices
to permit this degree of modularization See
Figure 1/2.9-4 for the concept The value of the
time saved and the quality improvement anticipated
must be compared with the added expenditures for the
fixtures and handling devices

The tools and fixtures considered for this work
are the type that would be used in manufacturing
area and which are suitable for accommodating physical
variations in components Complete planning and pro
cedures would be provided to assure the high degree
of tolerance control and lineup necessary for accuracy
that assures fully reliable service Training pro
grams would be established to give the assembly
and test personnel the opportunity to become skilled
and competent in this new method of turbinegenerator
erection

Another innovation is shown on Figure 1/295 where
the electrical generator is completely assembled in the
same shop but on special base outfitted with air
cushion devices After assembly and pretest the
entire assembly is moved to the large gantry crane
utilizing the air cushion principle Employment of
this device simplifies and speeds up the total assembly
process and assures safe and easy movement of this very
large module

Figure 1/2.96 demonstrates novel approach to the

construction of the turbinegenerator foundation using
the modular concept for the mechanical and electrical
modules The turbinegenerator foundation has been
conceived as reinforced concrete structure consisting
of base mat columns and an upper plate The
major innovation in this concept is that the module
forms mat column and upper plate will be constructed
in steel fabricating shop The forms will consist
of corrugated metal sheets attached to steel framework
The steel framework will be designed to accept the

weight of the form when it is being moved to the site
After the forms are built reinforcing steel and
embedded steel inserts will be located and installed
in the forms in the shop After the mat modules are

constructed they will be moved to the site and filled
with concrete Approximately 3420 cubic yards of
concrete are required for the mat
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The next step is to install the column modules on the

mat and anchor them down to steel inserts in the top

of the mat ApproximatelY 1300 CUbIC yards of concrete

are required for the columns

The third and last step in the construction of the

urbinegeflerat0r foundation is to set the upper plate

modules onto the columns These modules have steel

trusses set within the forms which will span between

column bents The trusses are designed to carry the

weight of the concrete so that noadditiOflal shoring

is required after the forms are set The forms are

anchored to steel inserts placed on top of the columns

Approximately 1820 cubic yards of concrete are re

quired for the upper plate

appendix lists the turbine building as having division

of work as follows

Module Fabrication Site Work

Percentage percentage

Civil/Structural 60 40

hanical/Pipiflg 40 60

Electrical 10 90

Based on productivity factor of 1.0 for conventional

construction field erection the Braufl Study assumes

productivity factor increase for module fabrication as

follows

of Work UVitLFaCOr ltilier
Civil/Structural 4.0 .25

ChafliCal/Piping 2.0 .50

Electrical 1.5 .67

If these increases in productivity are assumed and

labor allocation in these three categories is made the

labor savings for the turbine building would be on the order

of 35 percent for civil and structural 20 percent on

mechanical and piping and percent on electrical work This

would result in an overall labor savings on the first units

turbine building on the order of 23 percent Learning

would occur on the successive units This resultant savings

is very similar in magnitude to the savings estimated

for the boiler erection Section 1/2.6.5 will diSCUSS the

logic used to establish costs and multiple unit savings

factors for fossil fired units being built in an energy park
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1/2.6.3 Balance of Plant Modularization

In addition to the turbinegenerator and boiler areas
there are undoubtedly other parts of the fossil-fueled power
plant which are amenable to being modularized in the on-site
assembly facility These additional modules would be
identified during the detailed planning and design phase of

large energy park

At this time the construction sequence and methods for
modularization would be carefully designed to take every
advantage of the modular approach No extreme changes would
be made in the components that are supplied by equipment
manufacturers

Some of the remaining plant areas that might afford
labor savings through modularization include

Coal handling and conveying equipment
Cooling water intake and discharge structures
Control/stop valve module
Control room components and panels
WasteWater treatment equipmentskid mounted
Piping systems including hangers and restraints

preassembled
Environmental protection equipment sub-systems
Electrical equipment packages

1/2.64

The on-site manufacturing facility for assembling and
pre-fabricating modules in the case of fossil fueled units
is not as elaborate as the facility needed for nuclear
plants where larger concrete modules with heavier reinforcing
is required

The facilities described previously for the boiler
erection are estimated to require in the neighborhood of

$2000000 with all equipment installed The needed
floor space and spcial pad for erecting the turbine modules

may be on the order of $1000000 An on-site warehousing
facility would be approximately 180000 ft and cost $1800000
If heavy lift pedestal crane is used the crane and its

rail craneways would cost about $5000000 If the 1000
ton gantry crane is installed in the fossil park this might
cost on the order of $l9OQO000 including craneways The
data input to the cost benefit-sensitivity analysis corn

puter included only $9800000 for the limited onsite
manufacturing facilities and pedestal crane This estimate
is much lower than the very complete facility estimated for
the nuclear park With the addition of gantry crane and

craneways concrete batching plant site preparation and
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other miscellaneous features the onsite factory for the

fossil park might be as much as 30 to 35 million dollars
This amount would not significantly alter the comparision
between energy parks and dispersed sites where the amounts

over the park life are many billions of dollars

The on-site factory and the cranes in the fossil park

may be relocated several times during the construction life

of the park This will permit construction with minimum
interference from partially completed and operating units
No money was included in the fossil case to pay for these

moves because the level of detail studied for the onsite

facility did not merit this In the nuclear energy park
section Task the onsite factory was relocated twice

at cost of $21500000 per move The level of detail

considered for the onsite factory in the nuclear park was

enough to enable such an estimate to be made see Section

4.11

1/2 Cost Savings From Modularization Fossil Plants

The estimated cost savings of fossilfueled units

constructed in large energy park due to modularization is

handled in similar fashion to the nuclear units in

20unit nuclear park as discussed in 1/2.5 and Task

First the capital costs for the three fossil fired

unit sizes at dual unit dispersed sites were established

for comparison These costs were based on the assumption
that the units are to be constructed by conventional

construction techniques at dispersed sites in 51 month

time span from construction permit to commercial operation

Next conservative estimate of direct labor and

time savings due to modularization was made which reduced

the construction cycle by three months for all the park
units and the direct labor by 4% on the first 885MW unit

which is built in the park Reductions of and 12%

of the direct labor on the first 1075MW and 1320MW units

respectively which follow later in the park construction

sequence were assumed These later units were thought

to be able to benefit more heavily from experience and

their designs would be more mature and better adapted to

the use of novel and modular construction techniques

The capital costs of the first 885MW first 1075MW
and first 1320MW units for park construction were reduced
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ythe amount of this labor savings discussed abov

These costs were allocated over the 48 month construction

cycle for park construction The park units are assumed

to come online one year apart

On top of this first unit capital cost reduction for

energy park construction further reduction through labor

learning factors material savings through multiple buy

purchasing and better utilization of the material at the site

is estimated for successive units of each size These

savings are handled by the multiple unit factors which are

reported in Section 1/2.5 As was noted before this gen-

eral approach was used for both fossil and nuclear units

If fossil units were completely adapted for modularization

and construction sequences were optimized the direct

labor savings on the first of size unit would probably

be reduced even more than was assumed for this study

If significantly larger reduction in capital cost

is assumed for the first unit due to direct labor saviigs

then the savings on successive units will be much less

than assumed in Section 1/2.5 for fossil units through

the multiple unit relative cost factors The construction

cycle time savings might also be more on the order of

to months in an optimally constructed fossil energy

park

The construction of the first fossil energy park will

benefit but following parks will benefit even more because

modularizatiofl techniques will improve with experience and

optimization of their use
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1/2.7 ENVIRONMENTAL CONSIDERATIONS FOR FOSSIL DISPERSED

SITES AND PARKS

The emphasis of this section is on environmental con

sideratiofls associated with emissiOfl5 from coalfired elec

tric generating units Coal smoke is complex mixture of

sulfur dioxide SO2 particu1ates nitrogen oxides and

other ingredients Widespread installation of electrostatic

precipitators
has brought particulate pollution largely

under control Although the control technology is avail

able sulfur dioxide emissionS are currently the subject of

much controversY i.e scrubbers or fuel desulfurization

versus tall stacks with intermittent controls In this

study the assumption was made that all new plants energy

parks included would be required to meet EPA5 stringent

new source performance standards i.e scrubbers would be

used

Even though the use of scrubbers was assumed number

of questions concerning large coalfired energy parks re

mained The analysis presented in subsection 1/27.1 was

performed to determine environmental constraints on park

size and/or operation Costs and land requirements asso

ciated with flue gas desulfurization and sludge handling are

identified in subsection 1/2.7.2 Other environmental

protection areas jncluding noise abatement particulate

removal waste water treatment and aesthetics are discussed

in subsection 1/2.7.3 The final subsection is collection

of appendices detailing the analysis performed to identify

environmental constraints on coalfired energy parks

1/27.1 ENVIRONMNTAL STANDARDS CONSTRAINTS FOR FOSSIL

PARKS

1/27.1.l INTRQP TI2/O VES An obviouSly im

portant3btt characterization of energy parks is

the determination of total environmental releases associated

with parks The relationship between these releases and

environmental standards could introduce constraints on park

size design and/or operation This subsection is devoted

solely to the analysis of environmental releases from fosil

parks Environmental considerations for nuclear energy

parks are discussed in Task

The primary objective of the fossil energy park en

vironmental analysis was to determine if environmental

regulati0fl5 particularlY ambient air qualitYv introduce

significant constraints on park size and/or configuration

typical initial reaction to large coal-fired energy park
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is that ground level concentrations of SO2
will never meet

EPA standards It is recognized that in many areas of the

United States the no significant deterioration guideline

will rule out any type of fossil generation 2000 MW plants

or 20000 MW parks Throughout the environmental analysis

the emphasis of the analytical work was on comparative

performance of fossil energy parks and typical power plant

installations

1/2.7.1.2 ANALYSIS APPROACH

Introduction The purpose of this section is to sum
marize the analysis approach used to compare fossil energy

parks and dispersed power plants in terms of their impact on

ambient air quality Throughout the analysis emphasis was

placed on the identification of significant constraints on

park design/operation introduced by environmental regula
tions The overall analysis approach is illustrated in

Figure 1/2.71 and summarized below Detailed discussions

of the analysis approach are presented as appendices in

Section 1/27.4

Environmental Standards The initial analysis effort

was devoted to review of existing environmental standards

Basically two types of standards are applicable to fossil

energy parks

National Imbient Air Quality Standards
National Emission Standards

The national ambient air quality standards were established

in April 1971 by the Environmental Protection Agency EPA
Although national standards were established each state is

required to develop its own state implementation plan

showing in detail how and when they will achieve standards

as high or low as they choose so long as they satisfy the

EPA national standards Although some states have estab
lished regulations which require air even cleaner than the

national standards the analysis throughout this study is

based on EPAs national standards Consideration of site

specific variations in environmental standards was consid
ered beyond the scope of the study Additional background
information concerning environmental standards and discus
sion of the specific standards are presented in Section

1/2.7.4.1

In spite of all the publicity concerning disagreements
between EPA and electric utilities with regard to environ
mental standards brief summary of the present situation

may be worthwhile EPA is presently in the process of
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extending the original 1975 compliance deadline for some

standards to 1980 or possibly 1985 It appears that EPA has

recognized tall stacks and intermittent supplementary con
trol systems as interim solutions to the SO2 problem with
scrubbers or fuel desulfurization the only recognized long
term solution In view of this stance the fossil energy
park analysis is based on the assumption that scrubbers will

be used in both the energy park and dispersed plant configur
ations

Literature Review and Data Collection The second step
in th iyTastocondutaliteraEiire review and data
collection effort to consolidate information related to the

design and operation of large coal-burning power plants
Particular emphasis was placed on identifying large com
plexes of coal-burning plants which could be viewed as small

energy parks It was assumed that information concerning
the design and operation of such complexes would be helpful
in the analysis of large fossil parks One of the basic

questions at the start of the analysis effort concernd the

impact of multiple emission sources in relatively small

area During the literature review and data collection

effort attention was focused on the multiple source ques
tion to identify mathematical models and metered data ap
plicable to energy park analysis

The following sources of information were identified
Tennessee Valley Authority Air Quality Branch
EPA Meteorology Laboratory National Environ-
mental Research Center

Department of Commerce National Oceanic and

Atmospheric Administration
American Electric Power Co Inc
Large Power Plant Effluent Study LAPPES

Rather than present detailed information at this point
we will simple indicate that the data fell into three

categories

Metered ambient air quality data
Plant Design and operation data
Mathematical models

Metered ambient air quality data were used to investigate
the validity of mathematical dispersion models Plant

design and operation data were used to established typical

range of values for various design parameters stack height
stack diameter exhaust temperature velocity etc. This
information was then utilized in conducting the sensitivity
analysis discussed later

1/2-94



Alternative Atmospheric Dispersion Models Based on

the resources available to conduct the fossil energy park
environmental analysis mathematical models were used to

investigate emission behavior and plume dispersion It is

recognized that additional analysis such as wind tunnel

testing is required to adequately answer many of the ques
tions raised by the energy park concept This is particu
larly true of some of the site specific questions For

example what is the impact of local terrain on ambient air

quality

During the literature review and data gathering effort
number of mathematical dispersion models were identified

Comprehensive studies conducted by TVA since 1951 indicate
that plume dispersion is most easily described and modeled
if two aspects of plume behavior are treated separately

Plume rise due to buoyancy and initial vertical
momentum
Plume diffusion after plume rise due to turbulence
in the air

detailed discussion of alternative plume rise and plume
diffusion models is presented in Section 1/2.7.4.2 Also
included is comparison of model predictions with metered
data Based on the evaluation of mathematical models pre
sented in Section 1/2.7.4.2 the decision was made to util
ize two computer simulation models recommended by EPA and
available through their UNAMAP Users Network for Applied
Modeling of Air Pollution service Two models are neces
sary because the national ambient air quality standards are
specified in terms of short term averages 1- and 24

hours and long term averages annual EPAs PTMTP program
is an interactive program which computes at multiple re
ceptors short term concentrations resulting from multiple
sources The PTMTP program is basically hybrid dispersion
model combining the features of the Gaussian coning model
and trapping model discussed in Section 1/2.7.4.2 EPAs
Climatological Dispersion Model CDM is remote batch

program which determines long term seasonal or annual
pollutant concentrations at any ground level receptor using
average emission rates from multiple point and area sources
and wind rose data wind rose is simply joint frequency
distribution of wind direction wind speed and stability
for specified period of time usually season or year

Sensitivity Analysis to Identify Critical Parameters
The overall purpose of the sensitivity analysis was to

identify critical parameters and to establish base case
for the analysis of short term and long term concentrations
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The principal determinants of ground level concentrations

are

Stability class
Wind speed
Mixing height
Exhaust gas temperature
Exhaust volume flow
Stack height

The sensitivity of short term concentration levels to these

input parameters was investigated by considering typical

dispersed power p1antwith two generating units The larg
est of the three fossil units considered in this study

rated capacity 1320 MW was used to conduct the sensi

tivity analysis Emissions from each generating unit were

assumed to be equal to the national emission standard 1.2
lbs of SO2 per million BTUs input The sensitivity analy
sis was conducted by observing variations of maximun 15

minute average ground level concentration of SO2 as deter

mined by EPAs PTMTP dispersion model associated with

variations of the input parameters In addition to consid

ering independent variations of the input variables the

impact of multiple variations of input variables was also

investigated

The sensitivity analysis is described in detail in

Section 1/2.7.4.3 Based on the analysis the following

baseline generating unit characteristics were established

Rated Capacity 1320 MW
Heat Rate 8970 BTU/KWH
Stack height 800 ft 244m
Stack diameter 37 ft ll.3m
Exhaust velocity 46.5 f/sec 14.2 m/sec
Exhaust temperature 250 394K

Since wind speed and stability class were found to be such

critical determinants of ground level concentrations the

decision was made to consider them parametrically throughout

the analysis

Analysis of Short Term Concentrations The overall

purpose of the energy park environmental analysis is to

determine environmental constraints on park size and/or

configuration Since emission standards are specified on

generating unit basis they introduce no additional con
straints on park design Emission standards were designed

by EPA to require application of the best available control

technology considering the cost of new facilities Accord
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an assumption made in this study was that emission

control equipment scrubbers precipitators etc would be

used on both park and dispersed generating units Through

out most of the analysis it was also assumed that emissions

from each generating unit just satisfied emission standards

Unlike emission standards ambient air quality standards

have the potential for introducing constraints on park

design One of the objectives of the analysis of short term

concentrations was to identify these constraints by com

paring maximum combined concentrations from the parks

multiple sources to ambient air quality standards Another

objective of the short term analysis was to compare ground

level concentrations in the vicinity of an energy park to

concentrations in the vicinity of typical two unit power

plant

One of the important considerations in the analysis of

short term concentrations was park configuration or layout

It is intuitively obvious that as the distances between

sources approach zero it is possible to treat the park as

single source with an emission equal to the sum of emis

sions As distances between sources become very large the

plumes retain their individual concentration patterns and

due to dispersion the additive effect is insignificant

Unfortunately energy park configurations fall somewhere

between these two extremes where rather sophisticated

multisource dispersion model is required EPAs PTMTP

Program was used to conduct the analysis of short term

concentrations In order to assess the impact of unit

spacing two park configurations were considered in the

analysis The first configuration termed the basic energy

park consisted of 24 units within .84 sq mile area The

second configuration the spread out park consisted of 24

units within 36 sq mile area Since the PTMTP program is

based on the assumption of no plume interactions additional

analysis was performed to quantify the benefits of plume

interaction which frequently result in increased plume

buoyancy and decreased ground level concentrations

Most of the analysis of short term concentrations was

not site specific in that ground level concentrations were

calculated for variety of meteorological conditions

However in order to develop realistic estimate of the

amount of time that ambient air quality standards might be

exceeded it was necessary to use specific meteorological

data Wind rose data for Rochester New York was used

Analysis of wind rose data for several areas indicated that

the Rochester data was fairly typical The analysis of

short term concentrations is discussed in detail in Section

1/2.7.4.4
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Analysis of Long Term Concentrations The analysis of

long term concentrations was similar to the short term

analysis in that emphasis was placed on identifying con
straints on park size and comparing fossil park emissions to

dispersed plant emissions Long term concentrations are

defined as annual averages since EPATS long term ambient air

quality standards are expresed in terms of annual average
primary standard 80 pg/m secondary standard 60 pg/m
EPAs Climatological Dispersion Model CDM was used to

calculate annual average ground level concentrations for

several energy park and dispersed plant configurations The
CDM computer program calculates ground level concentrations
at specified receptors for all combinations of wind speed
and stability class Average annual concentrations are then
estimated using weighted average approach based on wind

rose data

The sensitivity of long term concentrations to mete
orological data was evaluated by considering two widely
different wind roses in the analysis uniform wiiid rose
and wind rose for Rochester New York Although the
Rochester wind rose is site specific it is typical of actual
wind roses investigated during the study The specific
cases investigated during the analysis of long term concen
trations were

Typical plant identical 1320 MW coal units
Basic energy park 24 units within .84 sq mile
area
Spread out park 24 units within 36 sq mile
area
Dispersed siting 24 units within 2025 sq mile

area

The analysis of long term concentrations is discussed in

detail in Section 1/2.7.4.5

1/2.7.1.3 ASSUMPTIONS The purpose of this section is

to briefly summarize the many assumptions made during the

environmental analysis of coalfired energy parks Many of

the assumptions mentioned in this section are discussed in

greater detail in Section 1/2.7.4

As previously indicated EPAs computerized models
available through their UNAMAP service were used to perform
much of the environmental analysis Some of the more im
portant assumptions made during the theoretical development
of the EPA models are

Effluent is emitted from the source continously
and uniformly
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None of the material emitted is removed from the

plume as it moves downwind and there is complete

reflection at the earths surface i.e no de

position or reaction occurs at the surface

If no stable inversion layer exists the plume

spread has Gaussian distribution in both the

horizontal and vertical planes
Effluent is dispersed over relatively flat terrain

with no significant interference from topographi

cal features
Standard deviations of plume concentration distri

bution and are based on sampling times of

about 15 inutes

One of the critical steps in the analysis was the

conversion of 15 minute average concentrations to hour and

24 hour concentrations Concentrations directly downwind

from source decrease with sampling time mainly because of

larger due to increased meander of wind direction The

and parameters used in the basic EPA models were based

OX 15 minute sampling times Correction factors for larger

sampling times recommended by TVA and EPA and those exper

ienced during utility field tests vary widely by as much as

afactor of The correction factors recommended by EPA

were used in this analysis since they were the most conserva

tive

Another critical step in the analysis was the develop

ment of probability distribution functions which indicate

the frequency of occurrence of various short term concentra

tion levels One of the assumptions made in using wind rose

data to determine frequency of occurrence of various concen

tration levels was that the wind was always blowing in the

direction which gave rise to the highest concentrations for

the park configuration under consideration This worst case

approach tends to overestimate concentration levels

Preliminary analysis indicates that the over-estimation is

in the 20% to 30% range

The basic energy park considered during the environ

mental analysis consisted of 12 point sources with each

point source representing pair of generating units 2-1320

MW units The pair of generating units represents typi

cal dispersed generation site As previously discussed the

actual fossil park configuration consists of three sets of

eight units units 885 MW units 1075 MW and units

1320 MW

Assuming that all units in park just meet national

emission standards the actual park will produce less SO2

than the park consisting of 24 units 1320 MW However it
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is not true that ground level concentrations from the smal
ler generating units will be proportionately less than those

from the large units The reason for this is that because

of reduced gas flow plume rise is reduced and ground level

concentrations are increased The effects of reduced emis
sions and reduced plume rise tend to cancel each other so

that within the accuracy of the models used concentrations

in the vicinity of the 24-1320 MW unit park are approxi
mately equal to those in the vicinity of the actual park
If anything the resultant ground level concentrations found

using the larger units exclusively should be slightly higher
than what wpuld occur with mix of larger and smaller

units

Basically two park configurations were considered in

the analysis concentrated park and spread out park No

optimization of configuration was performed to minimize

ground level concentrations One of the problems is that

advantages can be identified with both dispersed staks and

concentrated groups of stacks For example stacks from two

or more units could be combined to increase effective mass

and heat efflux obtaining greater plume rise and reducing

ground level concentrations If all emissions are trapped
below an inversion layer however combined stacks may have

negligible impact In some cases the buoyant energy from

combined stacks may be sufficient to punch through inversion

layers resulting in very widespread dispersion In other

cases penetration will not occur and the combined plume
will be trapped In these situations where trapping occurs
distributed stacks might be more desirable Although the

benefits of combined stacks or closely located stacks were

evaluated most of the environmental analysis assumed in
dividual stacks for each generating unit

In conducting the analysis no consideration was given
to the use of intermittent supplementary controls such as

the use of low sulfur coal part load operation re-dis
patching etc Intermittent controls are an attractive

approach for both parks and dispersed sites because ambient

concentrations are excessive only occasionally Analysis of

intermittent controls is recommended for any follow-on
studies of fossil energy parks

1/2.7.1.4 SUMMARY OF RESULTS AND CONCLUSIONS There

are two basic sets of air standards applicable to fossil

parks

National emission standards
National ambient air quality standards

National emission standards applicable to fossil fuel-fired

generators are designed to require application of the best
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available technology considering the cost of new facilities

Since emission standards are specified on generating unit

basis they introduce no additional constraints on park

design as compared to dispersed power plants In both the

energy park and dispersed plant 0nfigurati0nS either emis

sion control equipment or fuel cleanup equipment is re

quired to meet emission standards

Unlike emission standards ambient air quality stand

ards have the potential for jntroducing significant con

straints on park design especially in the case of sulfur

dioxide Analysis of ambient air quality in the vicinity of

coal energy parks as large as 30000 MW indicates that both

primary and secondary standards for partiCulates and nitro

gen oxides introduce no constraints on park design or opera

tion Ambient air quality standards for so2 however

introduce significant constraints on coal energy parks The

previous points are illustrated in Table 1/2.7-1 which

summarizes environmental standards applicable tO coal-fired

energy parks and indicates maximum ground level concentra

tions for typical plant two 1320 MW generating units and

the basic energy park 24 generating units The maximum

ground level concentrations are based on stack emisSiOflS

which just meet emission standards As indicated fl Table

1/2.7-1 all ambient air quality standards for particulates

and nitrogen oxides are satisfied for the basic energy park

The basic energy parks maximum short term and 24 hour

averages concentrations of SOD however greatly exceed

standards Even in the case the typical plant the 24

hour so2
standard is slightly exceeded Since the short

term standards are specified in terms of levels not to be

exceeded more than once per year it is necessary to con

sider both concentration levels and frequency of occurrence

to determine compliance For example if the so concentra

tion levels associated with parks shown in Tabl 1/2.7-1

occur only once per year federal standards would be met

Frequency of occurrence is discussed in more detail later in

this section

In reviewing Table 1/2.71 it is jnterestiflg to com

pare the energy parks so concentrations to the typical

plants concentrations
he short term concentrations

hours 24 hours are only four times greater for the park

significantly less than the 12 multiplier on installed

capacity In terms of short term so2
concentrations at

least the energy park does not degrade ambient air quality

as much as one might initially assume Such is not the case

for long term concentrations annual average which are 12

times greater for the park The explanation for this be

havior the fact that maximum short term concentrations

occur relatiVely close to the source 1-10km and under
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TABLE 1/2 7-1

COMPARISON OF AMBIENT AIR QUALITY STANDARDS AND MAXIMUM

GROUND LEVEL CONCENTRATIONS FOR POWER PLANT AN ENERGY PARK

Sulfur Nitrogen Particulates
Dioxide Dioxide

Ernission Standards lb/MBTU 1.2 .70 .10

mbiet Air Quality Standards
pg/rn

Hour Secondary 1300

24 Hour Primary 365 260

24 Hour Secondary 260 150

Year Primary 80 100 75

Year Secondary 60 100 60

2missions from Unit Pair 3580 2090 300

2640 MW Meeting Emission
3tandards pg/sec

4aximum Ground3Level Concen
rations pg/rn For Unit Pair

Hours 555 325 47

24 Hours 366 214 31

Year 2.7 1.6 .2

laximum Ground3Level Concen
rations pg/rn for the Basic

nergy Park
Hours 2185 1276 183

24 Hours 1442 842 121

Year 32.4 19 2.7

IOTES

The hour and 24 hour ambient air quality standards presented
are values which are not to be exceeded more than once per year
Maximum ground level concentrations are based on pollutant ernisssionS

equal to emission standards

Basic energy park 24 generating units within .84 square miles
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stability conditions where stack height and unit separation

have significant impact Annual averages are more influ

enced by concentrations further from the source where stack

height and unit separation have little impact

The discussion throughout the remainder of this section

is devoted to ground level concentrations of SO2 As previ

ously indicated particulates and nitrogen oxides introduce

no constraints on park design/operation assuming emission

standards are satisfied In order to more completely de
scribe ambient air quality in the vicinity of coal-fired

generating units it is necessary to consider frequency of

occurrence of various concentration levels Figure l/2.72

shows the probability distribution function for hour

average concentrations of so Cumulative probabilities are

shown for typical disperse site units the basic park

24 units within .84 sq miles and the spread out park 24

units within 36 sq miles The figure illustrates the

significant impact of stack spacing within the park since

the basic park clearly exceeds the hour standard whereas

the spread out park is in compliance Similar probability

density functions are shown in Figure 1/2.7-3 for 24 hour

average concentrations In this case both energy park

configurations exceed both primary and secondary standards

In fact even the typical dispersed site plant exceeds

standards

The interesting characteristic of all the probability

distribution functions shown in Figures 1/27-2 and 1/2.7-3

is their steep slope up to the 90-99% level where there is

knee in the curve What this means in terms of compliance

with environmental standards is that there is no problem 90-

99% of the time Ambient concentration levels are excessive

only occasionally What the curve shape means in terms of

sensitivity of results to model errors etc is that the

basic park would still be in trouble even if over-estimated

concentrations were adjusted downward Figure 1/2.74 illu

strates the impact of changing from 3.5% sulfur content fuel

with 80% scrubber efficiency to 3.5% sulfur with 90% scrub

ber efficiency Although the maximum concentration levels

have been reduced by 50% the basic park still exceeds

primary and secondary standards more than 7% of the time

Figure 1/2.7-5 shows probability distribution functions

for energy parks consisting of 12 and 24 generating

units comparison of Figures 1/2.7-5 and 1/2.7-3 indi

cates that an unit park although still not strictly in

compliance results in little air quality degradation as

compared to typical two unit plant Figure 1/2.7-5 is

based on emissions which just meet emission standards 35%

sulfur coal and 80% scrubber efficiency By using lower
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sulfur coal and improving scrubber performance it would be
possible to reduce maximum concentrations to the point
where 24 unit park would be compliant with federal regu
lations The family of curves presented in Figure 1/2 76
shows minimum scrubber efficiency levels needed to meet all
ambient air quality standards as function of percent sul
fur and fuel heating value For example assuming 6%
12000 BTU/lb coal the minimum scrubber efficiency would be
95% Although significant questions concerning maintenance
requirements and impact on system reliability remain 95%
scrubber efficiencies dre possible so 24 unit park would
be possible assuming 26% sulfur coal

Although the iesults presented in Figures 1/27-2
through l/276 give very good indication of the impact of
various parameters on ground level concentrations it is
important to recognize many conservative assumptions were
made in developing the results For example the correction
factor to adjust one hour concentrations to 24 hour concen
trations was assumed to be 53 whereas TVA recommends
value as low as 02 Other conservative assumptions are
discussed in Sections 1/2744 and 1/2745 In addition
significantly more analysis could be performed to identify
optimum stack spacing in terms of economics and environ
mental impact

Based on the basic park configuration used to develop
Figure l/275 and emissions which just meet standards 35%

l2000wru/lb coal with an 80% scrubber the maximum
energy park size is about 68 units 792010560 MW If
scrubber efficiency is increased to 90% the maximum park
size would be 812 units 10560 MWl5840MW These re
sults are all based on the assumption that intermittent
supplementary controls are not satisfactory solution as
far as EPA is concerned The appeal of supplementary con
trols is definitely obvious since standards are exceeded
only occasionally

Shown below are the per unit emission rates necessary
to never exceed the various ambient air quality standards
and also the rates necessary to insure that the standards
are exceeded less than days year For this table an
emission rate of one per unit corresponds to just meeting
the national emission standards
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TABLE 1/2.7-2

COMPARISON OF MAXIMUM ANNUAL AVERAGE GROUND LEVEL

CONCENTRATIONS FOR DISPERSED POWER PLANTS ENERGY PARKS

Maximum Annual Average Concentration g/m3

Description of Emission Rochester Uniform

Source Wind Rose Wind Rose

Single Source 2.7 9.9

Basic Energy Park 32.4 96.5

Spread Out Park 29.4 58.0

Dispersed Siting 16.8 14.1

Primary AAQ Standard 80

Secondary AAQ Standard 60 1g/m

NOTES

Single source typical power plant consisting of pair of

1320 MW generating units

Basic energy park 24 generating units within .84 square miles

Spread out park 24 generating units within 36 square miles

Dispersed siting 24 generating units within 2025 square miles



Primary Secondary Secondary
24 Hr Hr 24

Never Exceed Standards
units .99 2.3 .71

Basic Park .25 .60 .18

Spread Out Park .60 1.3 .42

..

._. ._

Exceed Standards Less

Than Days Year
units 3.8 9.1 2.7

Basic Park .36 .84 .25

Spread Out Park .87 2.1 .62

Obviously major improvements must be made in system

just to remove the possibility of violation of standards for

only few days year This agrees with the position that

many utilities are presently taking on the use of intermit

tent supplementary controls

In addition to the analysisof short term concentra

tions long term concentrations were investigated In much

the same manner as the short term analysis the long term

analysis considered basic park configuration spread out

park and typical two unit power plant In addition the

long term analysis also considered dispersed siting situa

tion where 24 units were distributed over 2025 sq mile

area The results of the long term analysis are summarized

in Table 1/2.7-2 As indicated two wind roses were consid

ered Rochester New York wind rose and uniform wind

rose where all- wind speeds wind directions and stability

classes were equally likely The reason for considering two

wind roses was to determine the sensitivity of results to

changes in meteorological conditions For the Rochester

wind rose both park configurations meet the primary and

secondary annual standards In the case of the uniform wind

rose the basic energy park exceeds both standards whereas

he spread out park is compliant In general since the

Rochester wind rose is typical of most areas it is safe to

assume that long term standards introduce no significant

constraints on coalfired energy parks

1/2.7.2 Flue Gas Desulfurization

While the preceeding discussions are concerned with

environmental standards and their possible constraints on

the ultimate size of coal-fired energy park this section

discusses some of the means available for meeting the stack

emission standards for new sources and the costs associated
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with the method chosen as the base case for this study

Section 1/2 which follows contains the costs that

have been assumed in the total plant estimates for other

necessary environmental protection controls Controls are

provided for noise abatement waste water treatment addi
tional particulates and NO Aesthetics of the site are

also considered

Heat rejection is considered separately in Section

1/2.8

In the appendices to this Section 1/2.7.4 the air

standards applicable to fossil power plants are summarized

Basically there are three standards that are important
These are

Particulates .1 lb/iC6 BTU HEAT INPUT

SO2
1.2 1b/1O BTU HEAT INPUT

NO .7 lb/b BTU HEAT INPUT

for coal-fired plants29 More stringent requirements can

and have been applied on an individual basis in areas where

ground level concentrations exceed primary levels of the

ambient air quality standards After much intensive process
development SO2

removal systems for power plant stack gas

cleanup have now proceeded through the demonstration plant

phase These large scale projects have uncovered and cor
rected most of the problems and an acceptable assessment of

process costs should be possible However rapid construc
tion cost escalation during 1974 makes it difficult to

project total costs Reference 29 contains complete and

comprehensive cost comparison of the five most prominent

processes being considered for installation and are de
scribed briefly below

SO2
Removal Processes

Limestone Slurry Scrubbing Stack gas is washed with

recirculating slurry pH of 5.86.4 of limestone and re
acted calcium salts in water using twostage venturi and

mobile bed scrubber system for particulate and SO removal
Limestone feed is wet ground prior to addition to the scrub
ber effluent holding tank Calcium sulfite and sulfate

salts are withdrawn0to disposal area for discard Reheat

of stack gas to 175 is provided Design is based on data

taken from EPA-TVA-Bechtel Shawnee test program

Lime Slurry Scrubbing Stack gas is washed with

recirculating slurry pH of 6.0-8.0 of calcined limestone
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lime and reacted calcium salts in water using two stages

of venturi scrubbing Lime is purchased from an across the

fence calcination operation slaked and added to both

circulation streams Calcium sulfite and sulfate is with

drawn disposal area for discard Reheat of stack gas

to 175 is provided Design is based on data provided by

Chemical Construction Corporation Chemico

ac
scrubbing -- the first utilizing water for removal of parti

culates and the second utilizing recirculating slurry pH

75-8.5 of magnesia MgO and reacted magnesium sulfur

salts in water for removal of SO2 Makeup magnesia is

slaked and added to cover only handling losses since sul

fates formed are reduced during regeneration Slurry from

the SO2
scrubber is dewatered dried calcined and recycled

during which concentrated SO is evolved to contact sul

furic acid plant producing 9% acid Design is based on

data supplied by Chemico Basic Corporation

Sodium Solution Scrub Regeneration and

Reduction to Sulfur Stack gas is washed with water in

for removal of particulates and then washed

in valve tray scrubber with recirculating solution of

sodium salts in water for SO2
removal Makeup sodium car

bonate is added to cover losses due to handling and oxida

tion of sodium sulfite to sulfate Sodium sulfate crystals

are purged from the system dried and sold Water is

evaporated from the scrubbing solution using single-effect

evaporator to crystallize and thermally decompose sodium

bisulfite driving off concentrated SOD The resulting

sodium sulfite is recycled to the scrubber and the SO2
is

reacted with methane for reduction to elemental sulfur The

regeneration and reduction areas are designed for 100% of

power unit load Design for the scrubbing evaporator

crystallizer system is provided by Davy Powergas Inc Well-

man-Lord process and data for the SO2
reduction unit are

provided by Allied Chemical Corporation

çjytic Oxidation Stack gas is first cleaned of

particulates by high-temperature electrostatic precipita

tor then the SO is catalytically converted to SO3 and

available excess eat is recovered The SO reacts with

moisture in the stack gas to form H2S04
mis which is

scrubbed in packed tower using recirculating acid stream

to yield 80% acid Mst is removed by Brink mist elimina

tor and the clean 254 gas is exhausted to the stack

Design is based on data supplied by Monsanto Company de

velopers of CatOX process
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In addition to these five processes others such as the
Doble Alkali Process are also available but are not consid
ered in this study See Reference 29

While the technology may be adequate for controlling
SO emissions only recently have any of these processes
deonstrated operational reliability required by regulating
authorities Since long term operating data has not yet
been collected it is hard to assess the long term perform
ance of these processes

These processes where applied are augmented by electro
static precipitators when necessary which are included in
the cost estimates The precipitators remove fly ash and
other particulates and have been to date more successful
than SO removal systems in their performance and reliabil
ity

While this report will not go into detailed breakdown
of the costs of these various processes some of thee major
cost considerations and assumptions used in estimating the
costs as they apply to energy parks will be mentioned and
the reader is referred to Reference 29 for more details

1/2.7.5.1 PROCESS ASSUMPTIONS The following list has
been changed somewhat from that found in Reference 29 to
make it applicable to energy parks

Project Schedule year construction cycle with
starting year post 1975

Unit Size 885 1320 MWs

Fuel Type Coal 12000 BTU/lb 12% ash

Sulfur Content 3.5%

Plant Status New units rather than retro
fits

SO2 Removal 80% removal

Particulate Removal 98.7%

Maintenance Costs Level will be estimated

Capital Charges Handled by cost-benefit pro
gram in Task
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Operating Time 5694 6570 or 7446 hours per

year depending Ofl plant capac

ity factor of 65 75 or 85%

being run during sensitivity

analyses

Solids Disposal Onsite ponding including pro
rated costs for calcium solids

to cover pumping and piping to

and from the pond plus 40

foot deep clay-lined pond

sized to meet requirements

over at least 2/3 of the

remaining life of each power

unit Some of the conceptual

layouts shown previously
contain enough land for sludge

and ash deposits over the

entire plant life Hopefully

technology on scrubbing sys
tems will advance as the park

evolves so that either regen
erative systems become relia

ble for large units or that

other uses for the fixed

sludge reduce the ultimate

need for onsite storage

The land requirements shown

previously allow enough space

for both sludge and ash de
posit on-site The cost of

pumps pipes etc for the fly

ash were not included in the

TVA estimates Reference 29
The costs used for this study

will vary significantly from

those found in the TVA study

and will include sufficient

funds to purchase these items

Proven Systems
The base case process chosen

for the energy park study will

be assumed to have been reli

ably proven will not need

redundancy and will be built

by an experienced design and

construction team with no

labor shortages or overtime

pay incentives Perhaps by
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the time the park construction
has begun these systems will
lend themselves to modulariza
tion as discussed in Section
1/2.6

Process Chosen The process chosen for consid
eration in this study is the
limestone slurry process The
TVA reference considers the

accuracy for the cost of this

process to be in the range of
20% to 5% This process for
3.5% sulfur coal also has the
lowest annual operating costs
of the five processes consid
ered by the TVA The study on
energy parks will assume the

same SO2 scrubbing system is

applied to units sitdated in
dual unit dispersed sites and
to units in the 24 unit coal-
fired energy park

It is not this authors inten
tion to advocate any particu
lar scrubber process at this
juncture It is only neces
sary to incjude enough money
in the cost estimates being
used for the cost benefit-
sensitivity analysis reported
in Task to provide flue
gas desulfurization system
sufficiently reliable to meet
the new source air quality
standards All five processes
mentioned herein and many
others are candidates for

specific application to coal-
fired power plants

This

immense solids handling problem created by the waste by
products of typical flue gas desulfurization processes The
following Table 1/2.7.2-1 summarizes the typical waste by
products created over 35-year life span of 1000 MW unit
fired with eastern coal This information is from Reference
30
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TABLE 1/2.7.2-1

By-ProdUCts Removed By Systems

1000 MW Plant 35Year Life

By-Product
Quantity millions of tons

Sulfur
Liquid SO
Conc sO4

Dry S1uge lime 10

Dilute H2S04
20

Wet Sludge
30

Bear in mind that these by-products are created by one 1000

MW unit in 35year life time and an energy park with

rating of 26240 MW would generate roughly 26.2 times these

quantities over 58 years 35-year life/unit 23 years to

complete construction of all the units in the park

This gigantic outpouring of wet sludge over 750

million tons points up the urgent necessity to develop

regenerative systems that are economical to install inex

pensive to operate and sufficiently reliable to merit their

use

gas
not easy to establish because of the many cost factors that

are influenced by design changes on new processes1 the

rapidly changing equipment costs during l974etc Refer

ence 30 places the investment costs for wet absorber sulfur

dioxide control systems limestone scrubbing installed in

the mid 1970s in the range of $40 to $60 per kilowatt for

500 to 1000 MW units The TVA estimates fall within this

same range for 500 to 1000 MW units also but their costs

were estimated for project construction cycle from 1972-

1975 and therefore could be considered low

The TVA study has an interesting Table 12 which shows

the limestone slurry process investment costs for modified

project scope This table shows that the basic $50.30/Kw

for 500 MW unit burning coal with 3.5% sulfur 12% ash can

vary up to as high as $ll3/Kw with the following contingen

cies

Overtime to accelerate project
Research and development costs for first of kind

process technology
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Power generation capital for lost capacity
Reliability provisions with added redundancy of

scrubbers other equipment ducts dampers in
strumentation for change over assumes no permis
sion to run power plant without meeting
removal emission standards at all times
Additional bypass ducts and dampers
Fly ash pond including closed loop provisions
500 foot stack added to project cost
Air quality monitoring system
Higher cost escalation than the 5% estimated
Possible delay of up to years in equipment and
material deliveries pushing out completion date

While not all of these necessarily occur on given
project the list indicates that wide variation in costs
is possible

For this energy park study the flue gas desulfurization

system was estimated at $50/Kw for 1000 MW unit in 1971
dollars as was done in Reference WASH 1345 This cost

was then escalated to 1975 dollars as was the rest of the

fossil fired unit The escalation process is described in

Section 1/2.5

The $50/Kw in 1971 dollars becomes approximately $79/Kw
in 1975 dollars scale factor is then applied for the

entire unit including the scrubbing system to represent the

cost variation with size in going from 1000 MW unit to the

three unit sizes being used in this energy park study 885
MW 1075 MW 1320 MW It should be understood that the

$79/Kw is first unit cost and that even in dual unit

dispersed site the multiplier for learning and multiple by
savings will reduce the second unit cost

In the energy park the first unit cost has been re
duced by direct labor savings attributed to the modulariza
tion approach for construction and successive units show
further reduction in investment for the entire unit includ
ing the scrubbing system

1/2.7.2.4 OPERATION AND MAINTENANCE OF THE SCRUBBING
SYSTEM Aside from fixed capital charges the components of

the annual operating costs are maintenance energy to oper
ate the system raw material and byproduct disposal

The limestone slurry process has the lowest annual

operating cost for coal with 3.5% sulfur content As the

sulfur content changes these costs vary from process to pro
cess The operating costs are roughly distributed as fol
lows
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Ranges

Capital Charges
40-50%

Maintenance
7-17%

Energy to Operate
5-35%

Raw Materials
840%

Total MillS/KWHr
increased cost of

power to consumer

All processes
1.577.9

Limestone Slurry 2.86-38

For jteresting comparison the TVA study Reference 29

gives the operating costs on 500 MW unit using the lime

stone slurry process to be proportioned

of Total Annual operating Co

Raw Material
9.1

Construction Costs

Oper Labor Supv 2.7

Utilities
Steam

4.5

Process Water
.3

Electricity
10.2

Maintenance
Labor Materials 16.7

Analysis
.6

Indirect Costs

Capital Chgs 14.9% FCR 48.6

Overhead
Plant

7.0

Administrative

TOTAL
1000

Annual costs for operating this process are

$5.9/TOn6Of Coal Burned or

24.5/l0 BTU Heat Input or

214.7/Ton of Sulfur Removed or

2.2 mills/KwHr

In Reference 30 it is concluded that the incremental

energy cost for operating SO limestone scrubbing system

is in the range of 1.5 to 2.2 mills/KWHr For this study

the capital charge portion of the operating cost is handled
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automatically by the cost benefit-sensitivity program de
scribed in Task and the remaining annual operating costs

are handled as one of the components that make up the as
sumed operation and maintenance costs for the 885 1075 and

1320 MW units being studied The costs assumed for the

first unit at dual unit site or 24 unit energy park are
documented in Section 1/2.5 Operation and maintenance

costs on successive units are reduced by the multiple unit

operation and maintenance relative cost factors of Section

1/2.5 The operation and maintenance costs for the unit

exclusive of fixed charges and energy penalties is assumed

to be in the range of 2.8 to 3.0 mills/KwHr and includes all

operation and maintenance costs for the unit the environ
mental protection systems and the heat rejection system

1/2.7.3 Additional Environmental Protection Costs

In addition to SO removal systems there are several
other environmental prtection systems whose costs are in
cluded in the basic estimates for the 885 1075 and 1320 MW
coalf ired units

Particulate control devices such as electrostatic pre
cipitators are assumed to be part of the scrubbing system
costs When lignite or other low sulfur high ash western
coals are burned it may be possible to eliminate the scrub
bing system and have only precipitators which would then
cost in the neighborhood of $35 to $50 per kilowatt In any
application for any type coal precipitators will be

necessary to control particulates to the required air qual
ity standards

Even low sulfur coal leaves the user with NO con
trol problem The current status of NOx control tehnology
is that boiler manufacturers guarantee compliance with
federal emission regulations for new units by applying such

techniques as flue gas recirculation overf ire air special
burner locations and staged combustion These techniques
serve to prevent the formation of NO In this study $5/Kw
was included in the capital cost of 1000 MW coalfired
unit to provide for recirculation overf ire air and
increased boiler size

Sludge ponds for all air quality control system waste

products are thought to cost between $5 to $20 per kilowatt

depending upon the necessity for lining the pond to limit

seepage The cost of this im was included in the flue gas
desulfurization system costs
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Another cost that has been included in the basic esti
mate for 1000 MW coal-fired unit is $5/Kw for additional

systems to provide for waste water treatment for additional
wastes from sanitary sources fly ash sluicing desulfuri
zation sludge cooling tower blowdown boiler water blow-

down NO control wastewaters if any storm water runoff
and othe plant clean-up wastes

An arbitrarily chosen $l/Kw is included in the basic

1000 MW unit estimate to provide for coal dust prevention
measures should they be required It is believed that the

over 700 acres of stored coal at the.energy park coupled
with the possibility of large air circulation currents
created by all of the cooling towers and stacks might lead
to the necessity for control of coal dust

Lastly $6/Kw is included in the basic 1000 MW unit
estimate to cover the costs of noise abatement general
plant aesthetics and the preparation of the required envi
ronmental impact statement

Fossilfired plants on urban or nearurban sites will
be required to comply with Noise Control Act of 1972 While
the exact regulatory limits and standards for steam turbine

plants are not yet established by the time an energy park
is begun some provisions will undoubted1y3e needed to meet
the standards being enforced at that time Cooling
towers c1d tend to create noise problems which would need

controls

It is anticipated that any utility group formed to

build large fossil energy will be sensitive in providing
park layout that will be as pleasing as possible to look at
Therefore some costs will be incurred to provide treatment
landscaping etc to assure an aesthetically acceptable
site

The last cost included is for preparation of the envi
ronmental impact statement This cost may be very signifi
cant for an energy park since many analyses will be required
to assess the true mpact of such large collection of

power producing units in close proximity The necessity for

additional research on the environmental impacts of 26240
MW coal-fired energy park is pointed out repeatedly through
out this study

In conclusion environmental protection costs can
easily require expenditures in the range of $75 to $125 per
kilowatt for complete environmental control system on
units of the megawatt size ratings being considered and that
this is significant portion of the total investment in the

power generation equipment
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1/2 Appendices

1/2 AIR STANDARDS APPLICABLE TO FOSSIL PARKS

The federal governments concern with air pollution

officially began with the Air Pollution Act of 1955 Cur
rent federal activity in air pollution abatement and re
search stems from the Air Quality Act of 1967 and the Clean

Air Act of 1970 The Clean Air Act of 1970 was the first

law to call for national uniform air quality standards

based on geographic regions Specifically there are two

types of standards applicable to fossil parks

Ambient Air Quality Standards
National Emission Standards

Ambient Air Quality Standards Ambient air quality is

regulated by two sets of standards primary and secondary
both determined by EPA Primary air quality standards

concern the minimum level of air quality that is necessary
to keep people from becoming ill These levels are based on

the proven harmful effects of individual pollutants Secon

dary air quality standards are aimed at the promotion of

public welfare and the prevention of damage to animals

plant life and property Currently EPA has set of pri
mary and secondary standards for six pollutants sulfur

dioxide particulate matter carbon monoxide hydrocarbons
photochemicals and nitrogen dioxide Standards for these

pollutants shown in Table 1/2.7-3 establish the maximum

amount of each pollutant that will be permitted in the

atmosphere consistent with public health primary standard
and welfare secondary standard

Although EPA has been given power to establish inter
state air quality regions each state retains authority for

implementing national standards within its portion of an

interstate region State governments within each air qual
ity region determine how national air pollution objectives
are to be reached States are required to meet the national

primary standards by 1975 however the Clean Air Act pro
vides for waiver of the 1975 deadline for up to an addi
tional two years if compliance is technologically impossible
and reasonable alternatives are inadequate Although the

timetable for secondary standards is more flexible than for

primary standards many state implementation plans SIPs
have set 1975 as the date to meet both primary and secondary
standards State implementation plans submitted to EPA are

plans which show in detail how and when states will achieve

the standards within their own territory It is interesting
to note that in many areas states are imposing regulations
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TABLE l/27-3

AMBIENT AIR QUALITY STANDARDS

POLLUTANT TYPE OF STANDARD AVERAGING FREQUENCY CONENTRATION
TIME PARAMETER pg/rn

.-

Carbon Monoxide Primary and secondary hr Annual maximuma 40000 35

hr Annual maximum 10000

Hydrocarbons Primary and secondary hr Annual maximum 160b 024b

nonmethane to am

Nitrogen Primary and secondary yr Arithmetic mean 100 0.05

dioxide

Photochemical Primary and secondary hr Annual maximum 160 0.08

oxidants

Particulate Primary 24 hr Annual maximum 260

matter 24 hr Annual geometric 75

mean

Secondary 24 hr Annual maximum 150c
24 hr Annual geometric 60

mean

Sulfur Primary 24 hr Annual maximum 365 0.14

dioxide yr Arithmetic mean 80 0.03

Secondary hr Annual maximum 1300 0.5

24 hr Annual maximum 260 0.10

yr Arithmetic mean 60 0.02

..

________ _______

Not to be exceeded more than once per year

cA5 guide in devising implementation plans for achieving oxidant standards

As guide to be used in assessing implementation plants for achieving the annual maximum 24-hour

standard



which require air even cleaner than secondary standards On

the other hand the Administrator of EPA has urged the

states to delay those emission regulations which would clean

up well beyond primary standards in 1975

National Emission Standards As defined in Section III

of the Clean Air Act new source is any stationary source

-- building structure facility or installation which

emits or may emit any air pollutant The new stationary

source emission standards are designed to reflect the best

technology for each individual source The long range goal

and overriding purpose of the collective body of standards

is to prevent new pollution problems from developing The

individual emission standards are not intended to be pro
tective of health or welfare effects in other words the

standards were not designed to achieve any air quality

goals

EPA directly regulates new stationary sources by set
ting uniform national standards for new air polluters EPA

has devised new source performance standards for five major

stationary sources of air pollution

Fossil fuelfired steam generators
Incinerators
Cement Plants

Sulfuring acid manufacturing operations
Nitric acid manufacturing operations

These standards are designed to require application of

the best available technology considering the cost of new

facilities Emission standards applicable to fossil fuel-

fired generators are discussed below

Regulations prescribing standards of performance for

fossil fuel-fired steam generators were promulgated on

December 23 1971 and apply to sources the construction or

modification of which was commenced after August 17 1971

Performance tests for affected facilities must be conducted

within 60 days after the maximum production rate is achieved
but not later than 180 days after initial startup and at

such times as may be required by EPA Although EPA promül

gates standards of performance for new stationary sources

states are not precluded from enforcing any emission stand

ard or limitation applicable to an affected facility as long

as such standards or limitations are not less stringent than

applicable federal standards

Standards of performance for steam generators are

applicable to each fossil fuelfired steam generating unit

of more than 250 million BTU per hour heat input approxi
mately equal to 2SMWe output i.e
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250 1o6 BTU/Hr
BTULHr__ 73.5 1O3 kWt

3.413 10 BTU/Hr/KW

73.5 MW 25 MW

Fossil fuel-fired steam generating units produce three

types of emissionS for which EPA has established emission

limitation standards

particulate Matter Any finely divided

liquid or solid material

other than uncombined

water as measured by

weight after remove1 of

uncombined water

Sulfur Dioxide

Nitrogen Oxides

Emission limitation standards for these three emission types

are discussed below

Standards or Particulate This standard pro

vides that an owner or operator of an affected facility may

not discharge or cause the discharge into the atmosphere of

particulate matter which is

In excess of 0.10 lb per million BTU heat input

0.18 per million cal maximum two-hour average

Greater than 20 percent opacity except that 40

percent opacity is permissible for not more than

two minutes in an hour If the presence of un

combined water is the only reason for failure to

meet this requirement such failure is not deemed

violation of the standard

Standard for Sulfur Dioxide This standard provides

that an owner or an operator of an affected facility may not

discharge or cause the discharge into the atmosphere of

sulfur dioxide in excess of

0.80 lb per million BTU heat input 1.4 gram per

million cal maximum twohour average when

liquid fossil fuel is burned

1.2 lbs per million BTU heat input 2.2 grams per

million cal maximum twohour average when solid

fossil fuel is burned

This standard provides

that an owner or operator of an affected facility may not
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discharge or cause the discharge into the atmosphere of
nitrogen oxides in excess of

0.20 lb per million BTU heat input 0.36 grams
per million cal maximum two-hour average ex
pressed as NO2 when gaseous fossil fuel is burned
0.30 lb per million BTU heat input 0.54 grams
per million cal maximum twohour average ex
pressed as

NO2 when liquid fossil fuel is burned-3 0.70 lb per million BTU heat input 1.26 gramsper million cal maximum twohour average ex
pressed as NO2 when solid fossil fuel except
lignite is burned

DIS PE RS ION MODELS AND

Introduction During the initial phase of the subtaskinvoldIj1ys5 of emissions from fossil energyparks number of atmospheric dispersion analysis approacheswere reviewed Based on this review the decision was madeto use computer simulation models recommended by EPA andavailable through their UNAMAP Users Network for AppliedModeling of Air Pollution service The purpose of thisappendix is to review the primary models available for
describing behavior of power plant emissions to compareemission concentrations predicted by these models and to
investigate model accuracy via comparison with observeddata

Alternative Plume Dispersion Models The generalbehavior of emissions from stacks has been qualitativelyunderstood for many years The principal patterns of stackgas dispersion are classified in terms of the plume shapeand the manner of their dispersion in the ambient atmosphere The basic dispersion patterns which have been identified in the literature are identified below

Coning
Fanning
Inversion Breakup or Fumigation
Looping
Lofting
Trapping

10Briggs and Carpenter et.al both have detaileddiscussions of the above dispersion patterns along with theassociated meteorological conditions Although plume dispersion has been qualitatively understood for some timemathematical models of plume dispersion were not developed
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until relatively recently Presently the engineer or

meteorologist has choice of many9different semi-empirical
models available in the literature The major disadvantage

of many of these plume dispersion models is the fact that

they were derived from data or observations on relatively

small emission sources Models applicable to large coal
fired power plants have been identified by the Tennessee

Valley Authority TVA
Since 1951 TVA has conducted comprehensive studies of

plume dispersion at coal fired power plants for variety of

meteorological and operational conditions plant sizes and

stack heights The earlier studies were sponsored by the

Public Health service Work performed since 1963 has

been under sponsorship of the EPA Office of Air Programs
The TVA work involved several full-scale field experiments

where plume rise was observed and surface and aerial SO
monitoring was conducted Emission concentration data ias

been compiled and classified according to meteorological

conditions and plume dispersion patterns for generating

units ranging in size from 173 to 950 MW with stack heights

varying from 76 to 244 meters Various aspects of the TVA

plume rise and dispersion studies are discussed in Refer
ences 10 through 18

As the TVA studies indicate plume dispersion is most

easily described and modelled if two aspects of plume be
havior are treated separately plume rise due to buoy
ancy and initial vertical momementum diffusion after

plume rise due to turbulence in the air Plume rise de
scribed in terms of vertical displacement and horizontal

distance from the emission source is critical determinant

of surface concentrations of emissions from large power

plants Plume rise determines effective stack height phys
ical stack height plus vertical plume rise an important

input to the diffusion model review of the literature on

plume dispersion indicates that there is rather general

agreement on the2ehavior of plumes after the initial plume
rise As Turner indicates most of the widely used dif
fusion equations are variant forms of the basic Gaussian

plume formula discussed later in this appendix To use the

Gaussian diffusion model to estimate ground level concentra

tions however it is necessary to first determine plume
rise and effective stack height There is no lack of plume

rise formulas in the literature and for given situation

many different estimates can be obtained The different

theoretical models are the result of wide variety of

assumptions and/or different weightings of data collected

during field tests As previously indicated TVA has ident
if ied those plume rise models most applicable for large
coal-fired power plants
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Plume Rise Models Since 1963 TVA under the sponsor
ship of the EPA Office of Air Programs has conducted several

comprehensive studies of plume rise at coalfired plants
The initial study was three year research project com
pleted in 1966 entitled Ful1-Scale1tudy of Plume Rise at

Large Electric Generating Stations During this study
six plume rise models Holland Bosanquet Carey Halton
Davidson-Bryant Csandy CONCAWE and Lucas Moore Spurr
were evaluated to determine correlation with observed plume
behavior Because of the trend of increasing unit sizes and
stack heights at modern power plants TVA conducted furer
analysis of plume rise during the 19671969 time period
Based on these field tests which involved generating units

ranging in capacity from 173 to 950 MW and stack heights
varying from 76 to 244 meters TVA concluded that modif
cation of the Briggs 2/3 power law is preferable for

estimating plume rise

The Briggs 2/3 power law is rather simple model
which was developed after Briggs had eaated number of

previously developed plume rise models The basic
Briggs model is simply

1/3 2/3
hl.6

where Ah Plume rise meters
Buoyancy flux parameter /sec

gVr2
Horizontal distance downwind of stack
Mean wind speed between stack top and plume
top m/sec
Gravitational acceleration m/sec
Stack gas exit velocity m/sec
Stack exit radius Cm

App
Dnsit of ambient air g/m

Density of stack gas g/m3

As the Briggs plume rise formula indicates plume rise is

function of plume buoyancy momentum and mean horizontal
wind velocity between stack top and plume top Based on

comprehensive field experiments TVA has concluded that
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plume rise is also function of atmospheric stability

Atmospheric stability which is measure of the degree to

which the atmosphere resists or enhances vertical motion

can be determined from measurement of vertical temperature

gradient tO/Z
The modified Briggs 2/3 power law which TVA recom

mends for plume rise estimation is actually of equa
tions for three ranges of atmospheric stability

For neutral atrnosphric stability conditions

-.17 e/z .16 C/lOOm and downwind dis
tances up .to 3000 meters

2.50 x56 F13

For moderately stable0atmospheric conditions

0.16 AO/Z 0.70 C/lOOm and downwind dis
tances up to 2800 meters

3.75 x49 F3

For very stable atmospheric
conditions

.70 AO/Z 1.87 C/lOOm and downwind dis
tances up to 1960 meters

Ah
13.8 x26 FV3

The TVA studies indicate that the plume generally attains

its maximum rise at about 1200-1800 meters downwind

Plume Diffusion Models Having identified the pre
ferred plume rise model we can now turn to the second phase

of plume dispersion or diffusion due to turbulence in the

air Hereaftef this phase of plume dispersion will simply

be referred to as plume diffusion recognizing that the

diffusion reference point is the effective stack height In

identifying preferred diffusion models it is important to

recognize what the model is to be used for For example

the model used to identify maximum surface concentrations

may not be the same as the model used to identify the fre

quency of occurrence of various levels of surface concen

trations TVAs experience indicates that there are three

principal plume diffusion models

Coning model
Inversion breakup model

Trapping model
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The coning model occurs with nearneutral stabilityconditions and moderate-to-high wind speeds These conditions typically occur on cloudy and windy days or windynights The coning model plume is shaped somewhat like
cone with an extended horizontal axis Emission concentrations are primarily function of effective stack heightswind speed stability and location The following Gaussiandiffusion equation is suitable for mathematical estimates ofconcentrations occurring during coning conditions

X2.1
ayazu

rl Z-H 21 rl ZH 21expL_ JexPL_J
where concentration g/m3

Mean horizontal wind speed between stack topand plume top m/sec
Standard deviation of plume concentration
distribution in the horizontal crosswind
directionm is function of both
stability and dowXwind distance
Standard deviation of plume concentration
distribution in the vertical directionm

is function of both stability and down
wind distance

The coordinate system used for the Gaussian diffusion equation is illustrated in Figure 1/2.7-7 Both and
are functions of stabilityana downwind distance from thesurce The primary uncertainties in using the Gssianconing model are the values of and az Turner presentsvalues which are based on an assned sampling time of 15minutes Values for larger sampling times are substantiallylarger due to increased

meander1efjind direction Valuesof and recommended by TVA are somewhat differentbut he disrepancy could be explained by differences in
sampling time

The second significant model is the inversion breakupor fumigation model This model occurs when emissions
previously emitted and embedded in surface based inversion are dispersed to the ground by thermally induced vertical mixing This situation occurs when the ground is warmedby solar radiation and the surfacebased inversion is eliminated by the upward transfer of sensible heat Pollutants
previously emitted into the stable layer are mixed verti
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cally when they are reached by thermal eddies resulting in
increased ground level concentrations TVA experience
indicates that while maximum surface concentrations from
inversion break-up may be high they are generally of short
duration 3045 minutes Maximum concentrations from
inversion breakup occur from to 50 km from the source
usually limited to narrow path beneath the initial stable
plume Data collected by TVA during full-scale studies of
inversion breakup indicate that maximum surface concentra
tions may be estimated by

fumigation
v2Trua

yf

where O.47H
yf

Ahh 2.15 2.15a

third significant diffusion model particularly for
larger power plants with tall stacks is the trapping model
This model occurs when the plume is trapped between the
ground surface and stable layer aloft Meteorological
data collected by TVA indicates that plume trapping is
always identified with well developed high pressure system
marked with very stable and light to moderate wind speed
through the lower 2000 meters The trapping model also
referred to as the limited mixing layer dispersion model is
significant because stack height is relatively minor
determinant of ground level concentrations The reason for
this is that effective plume height during trapping condi
tions is primarily determined by the elevation and magnitude
of the stable trapping layer For some situations however
buoyant plumes from tall stacks will be able to penetrate
lower level trapping layers depositing emissions above the
inversion layer TVA has observed that the height of the
stable layers associated with maximum surface concentrations
is between 750 and 1200 meters These maximum surface
concentrations may persist for periods of 2-5 hours and
occur relatively near the emission source 3-10 km Based
on preliminary analysis of trapping dispersion TVA suggeststhat maximum surface concentrations can be estimated by

xtrapping /2 at Ht
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where yt Ht/l.l 2.15

Ht Height of trapping dispersion mixing

layer in

The atmospheric dispersion models recommended by EPA

are conceptually the same as the previous models As dis

cusse0in the EPA Workbook of Atmospheric Dispersion Esti

mates the basic Gaussian plume diffusion model has been

modified to model the impact of plume trapping The rec
ommended EPA diffusion model is therefore combination of

the previously discussed coning and trapping models As

indicated in the preface to the EPA Workbook EPA has re
cently turned to the Briggs method for estimating plume

rise Based on the fact that EPA air quality simulation

models are programmed readily available and conceptually

the same as TVA recommended models the decision was made to

use the EPA programs to conduct the environmental analysis

of fossil energy parks This approach eliminated the need

for significant programming effort Although the basic

models are quite simple complete simulation programs can

become very complex when multiple sources and receptors must

be considered annual wind rose data must be processed etc

The EPA programs used in this study are part of their UNAMAP

Users Network for Applied Modelling of Air Pollution

service magnetic tape containing source FORTRAN codes

for EPAs six UNAMAP models was obtained through NTIS and

implemented on GEs computers in Schenectady

Only two of the six UNAMAP models were used during the

analysis PTMTP and CDM PTMTP is an interactive program

which computes at multiple receptors short term concentra

tions minutes-l hour resulting from multiple point

sources The Climatological Dispersion Model CDM deter

mines long term seasonal or annual pollutant concentra

tions based on average emiion rates from point and area

sources and wind rose data wind rose is simply joint

frequency distribution of wind direction wind speed and

stability for specified period

Whenever mathematical models are utilized to simulate

actual behavior the investigator must inevitably ask how

well reality is being approximated As previously indi

cated most of the models were either empirically derived or

calibrated based on metered data so model accuracy should be

acceptable One part of the tall stack controversy how

ever is the fact that several utilities claim that the EPA

models are pessimistic and predicted concentration levels
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always exceed field measurements To investigate these
claims an attempt was made to compare model results to field
measurements

Model Methodology Throughout this
study questions have been raised concerning the validity of
mathematical dispersion models Although the EPA recom
mended models used in this study are based on comprehensive
field testing several utilities particularly AEP have
indicated that the models have tendency to over-estimate
concentrations In attempting to answer questions concern
ing model accuracy it became apparent that very little high
quality metered data has been published

Although significant amounts of raw data are frequently
available the data is usually accompanied with little or no
anlaysis good case in point is the Large Power Plant
Effluent Study LAPPES initiated in 1967 by the National
Air Poll Control Administration now EPA -Office of Air
Quality One of the primary objectives the LAPPES
study was to compare observed data with calculated predictions The study is of particular interest since the pollution source is the largest complex of coalburning mine
mouth power generating stations in the U.S The complexconsists of three plants total capacity 4800 MW Key
stone Homer City and Conemaugh each equipped with tall
stacks stack height varies from 244 to 305 meters
Located 80 miles from Pittsburgh Pennsylvania on NE-SW
line 39 Km long the group of plants is calle93the Chestnut
Ridge complex Although the raw data volumes are availa
ble very little information concerning analysis of the
basic data has been published Although analysis of the
basic data is still planned by EPA it apparently has been
assigned relatively low priority Discussions with en
gineers at Pennsylvania Electric Company indicate that the
data gathered between 1967 and June 1974 is too incomplete
to reach significant conclusions concerning emissions behav
ior The problem appears to have been combination of
experiment design and instrument accuracy According to
Pennsylvania Electric engineers data collected since June
1974 is substantially more accurate and complete however
no published informaton is available They also noted thatbased on data collected since June 1974 actual surface
concentrations on elevated terrain are less than values
predicted by mathematical dispersion models Any future
analysis of emissions from large fossil energy parks should
make maximum use of information concerning the Chestnut
Ridge complex both to provide insights concerning environ
mental impacts and to calibrate mathematical models of
energy parks
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Another large complex of coal power generation is

located in the upper Ohio River Valley These plants part

of the AEP system were either originally built with tall

stacks or have been retro-fitted with them In their con

tinuing argument with EPA concerning tall stacks and supple

mentary control systems AEP has published several articles

concerning ambient r2ua1ity in the vicinity of the Cardi

nal and Tidd plants Since the AEP documentation

includes statistical summaries of substantial amounts of

metered data the decision was made to utilize the Cardi

nal Tidd data to investigate the validity of alternative

dispersion models The characteristics of the Cardinal and

Tidd plants are summarized below

Cardinal Plant Tidd Plant

Plant Capacity iT 222.2 MW

Heat Rate 9087 Btu/KWh 11809 Btu/Kwh

No of Stacks
Stack Height 825 feet 25l.5m

247 feet675.3m

Coal Consumption 3.02 10 Tons/year .58 10 Tons/year

Coal Heat Content 11349 Btu/lb 11761 Btu/lb

Sulfur Content 2.98% 2.94%

Annual SO2
Emissions 176400 Tons 33480 Tons

By considering the alternative dispersion models previ

ously discussed and the above plant characteristics it was

possible to determine how well the various estimates com

pared with each other and metered data The comparison was

based on predicted and measured maximum concentration lev

els Although concentration levels substantially lower than

these maximum levels occur more frequently the maximum

concentration levels determine compliance with federal

regulations

TVA
with distance from the source Cardinal-Tidd plants is

shown in Figures 1/2.78 and 1/2.7-9 Results presented in

Figure 1/2.7-8 are based on EPAs point source PTMTP model

which is coning model with limited mixing layer As

indicated in Figure 1/2.78 maximum ground level concen

trations were calculated for two stability conditions

highly unstable Stability class and slightly unstable

Stability class Although these stability conditions

occur relatively infrequently they do produce maximum

ground level concentrations Of particular significance in

Figure 1/2.7-8 is the fact that maximum concentrations

associated with the Tidd and Cardinal plants are approxi

mately equal This is true in spite of the substantial

difference in generating capacities 222 MW versus 1180 MW
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The reason for this behavior is the fact that the larger
Cardinal plant has an 825 foot stack compared to 247 feet

for the Tidd plant Results presented in Figure 1/2.7-9 are

based on TVAs coning and trapping models Note that trap
ping model maximum concentrations are substantially higher
than the coning model concentrations for the Cardinal plant

large plant with tall stack but approximately the same for

the Tidd plant small plant with short stack These re
suits are substantiated by TVAs experience which indicates
that maximum concentrations for alternate plume dispersion
models are approximately equal for small plants but the

trapping dispersion model is more prominent for larger
plants with tall stacks The TVA coning model results

presented in Figure 1/2.7-9 are based on neutral stability
conditions Stability class recommended by TVA It is

interesting to note that concentrations based on the EPA

PTMTP model with Stability class are of the same order of

magnitude as the concentrations based on TVAs trapping
model

Concentration As Function of Sampling Time Before
maximum ground level concentration estimates based on mathe
matical models can be compared to actual metered data it is

necessary to assure that all concentrations are based on the

same averaging time interval or sampling time The results

presented in Figures 1/2.7-8 and 1/2.7-9 are based on short
time intervals 3-15 minutes However ambient air quality
standards are specified for longer sampling times e.g
hour hours 24 hours one year As recommended by EPA
estimates of concentrations for sampling times less than 24

hours can be obtained via the following relationship

tk

XsXk

where
Xk

Concentration estimate for short sampling
time tk 3-15 minutes
Concenration estimate for the longer sampl
ing time t5

1-24 hours expressed in

minutes

0.170.20

The above power law is based on the fact that concentrations
downwind from source decrease with sampling time because
of larger due to increased meander of wind direction
The averagingtime correction factors recommended by TVA are

1/2 1/3 and 1/10 for averaging times of hour hours
and 24 hours respectively Although they are not expresssed
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in terms of power law the TVA averaging time correction

factors can be approximated using the power law with
tk

minute and .20

In order to investigate the validity of the time aver

aging correction factors the TVA and EPA recommended fac

tors were2goared to metered data Since the metered data

available were based on and 24 hour sampling times

the comparison was accomplished by calculating the ratio of

the 24 hour average concentration to the one hour concentra

tion As indicated in the lower portion of Table 1/2.7-4

the TVA recommended procedure compares quite well with

metered data while the EPA recommended procedure is sub

stantially different These results are probably explained

by the fact that the TVA correction factors are based on

field tests at coalburning power plants as large as those

in the AEP system The EPA power law based on substan

tially smaller emission sources with shorter stack heights

is substantially more conservative than either the TVA

correction procedure or metered data Comparison of the TVA

and EPA correction factors in Table 1/2.7-4 indicates that

the EPA factors decrease less rapidly with sampling time

The results presented in Section 1/2.7.4.4 for hour and 24

hour time intervals are based on EPAs PTMTP model and the

EPA power law .20 tk
15 minutes The EPA power law

was used because of its conservative nature and the uncer

tainties involved in applying correction factors For

example the TVA correction factors are based on TVA power

plants and local meteorological conditions Although the

TVA correction factors correlate well with AEP metered data

their applicability for other locations and power plants is

subject to question

and investigate their correlation with metered data it is

necessary to correct the short term concentrations shown in

Figure 1/2.7-8 and 1/2.79 to hour and 24 hour time inter

vals To assure model consistency in conducting the compar

ison the TVA correction factors were used to adjust TVA

short term estimates Figure 1/2.7-9 and the EPA power law

was used to adjust EPA short term estimates Figure 1/2.7

Maximum ground level concentrations in the vicinity of

AEPs Cardinal plant as estimated by the alternate models

are compared in Table 1/2.7-5 The concentrations shown

were determined by summing the contributions from the

Cardinal and Tidd plants Metered data is not presented in

Table 1/2.7-5 since monitoring was insufficient to accur

ately locate the overall maximum concentration Maximum

concentrations for location 7.4 km downwind from the

Cardinal plant are presented in Table 1/2.7-6 In this case
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TABLE 1/2.7-4

VARIATION OF GROUND LEVEL CONCENTRATION

AS FUNCTION OF TIME AVERAGE

Concentration Correction Factor

Time Period TVA EPA EPA

315 minutes

Hour .5 .55 .76

Hour .33 .44 .61

24 Hour .i .29 .40

Values used
in the Study

Concentration TVA EPA EPA Ohio Edison AEPRatio
Metered Metered

Data Data

24 Hour Average
.2 .53 .53 .22 .28Hour Average

NOTES EPA Based on the power law with
tk minutes and .20EPA Based on the power law with
tk 15 minutes and .20



TABLE 1/2.7-5

MAXIMUM CONCENTRATIONS IN THE VICINITY OF AEPS CARDINAL PLANT

Maximum Concentration Maximum Concentration

24 Hour Averaging Period Hour Averaging Period

Dispersion Model/Data Source PPM PPM

EPA PTMTP Model

Stability .45 .86

EPA PTMTP Model
Stability .09 .16

TVA Coning Model .02 .12

TVA Trapping Model

760 Mixing Height .10 .52

TVA Trapping Model

1000 Mixing Height .06 .30

NOTES EPAs PTMTP Model is coning model with stable layer Results

shown are based on 1000 mixing height



MAXIMUM CONCENTRATION 7.4 KM FROM AEPS CARDINAL PLANT

Maximum Concentration Maximum Concentration
24 Hour Averaging Period Hour Averaging Period

Dispersion Model/Data Source PPM PPM

EPA PTMTP Model

Stability .09 .17

EPA PTMTP Model

Stability .07 .13

TVA Coning Model .02 .08

TVA Trapping Model .10 .52

AEP Metered Data
Data collected during
19661969 time period .18 .5

AEP Metered Data
Adjusted to Ground Level .08 .23

AEP Metered Data
Data collected during
major stagnation episode
July 1923 1972 .006 .22

EP Metered Data
Adjusted to Ground Level .0028 .10

NOTES AEP metered data based on single monitoring station 7.4 km from the
Cardinal plant
AEP metered data was adjusted to ground level since the monitoring station
was located 570 above plant grade
AEP Metered Data obtained from Reference 25
AEP Metered Data obtained from Reference 26
EPAs PTMTP Model is coning model with stable layer Results based
on 1000 mixing height
TVA Trapping model results based on 760 mixing height



metered data is also presented since monitoring station
Station was placed 7.4 km from the source As indi
cated the AEP metered data had to be adjusted to ground
level since the monitoring station was located 570 above
plant grade

review of Table 1/2.7-5 indicates that maximum hour
and 24 hour concentrations are predicted by the EPA PTMTP
model using Stability class If the Tidd plant had been
another large Cardinal type plant trapping model predic
tions would have been substantially the same as EPA pre
dictions based on Stability class The results in Table
1/2.75 also indicate that concentrations for more common
meteorological conditions are substantially lower than the
worst case estimates i.e compare TVA coning model and EPA
Stability class results to the other estimates

Emission concentration estimates based on mathematical
models are compared to metered data in Table 1/2.76
Actually two sets of metered data are presented The first
set is2ased on data collected during the 19661969 time
period The .18 and .5 ppm values shown in Table 1/2.7-6
24 hour and hour averages respectively are not actully
absolute maximum values since they were taken from cumula
tive distribution functions For example Figure 1/2.7-10
taken from Reference 25 shows the distribution of hourly
mean concentrations at Station 7.4 km from the source
for each of the four years The .5 ppm concentration level
shown in Figure 1/2.7-10 is exceeded less than .1% of the
time Although this .5ppm concentration level is not
necessarily the absolute maximum concentration it was used
as such in Table 1/2.76 This approach was necessary since
the TVA documentation did not explicitly identify absolute
maximum concentration levels Figure 1/2.710 demonstrates

point made earlier average hour concentrations are
more than an order of magnitude less than maximum values
The second set of metered data in Table 1/2.7-6 is based on
data gathered at Stati during major stagnation epi
sode July 1923 1972 This second set of data is sur
prising in that the concentration levels are substantially
less than those in the first set As previously indicated
maximum concentration levels frequently occur during stagna
tion conditions when effluents .are trapped by stable
inversion layer The relatively low concentration levels
shown in Table 1/2.76 for the July 19-23 1972 stagnation
episode could be explained by either very high inversion
layer or by very low layer with some plume punch through
or capturing by the stable layer Review of Table 1/2.7-6
indicates relatively good correlation between absolute
maximum concentrations predicted by the models and the first
set of metered data It should be recognized that the
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concentration levels predicted by the models are based

exclusively on the Cardinal and Tidd plants whereas the

metered data includes some level of background emissions

from other sources

Based on this evaluation of mathematical models and

comparison with metered data the decision was made to use

the EPA PTMTP model for the analysis of short term emissions

from coal fired energy parks Since PTMTP is hybrid

coning/trapping model it is useful in determining both

maximum concentrations and the more frequent lower level

concentrations Because of the lack of metered data it is

difficult to reach significant conclusions concerning model

accuracy However this analysis indicates that estimation

errors that do occur tend to be on the high side i.e the

models overestimate concentrations

PARAMETERS
.3 SENSITIVITY ANALYSIS TO IDENTIFY CR1

Introduction There are number of factors that can

affect the short term ground level concentration of near

power plant The purpose of this analysis is to identify

the critical input parameters or those which have the great

est effect on the maximum short term ground level concentra

tion

Analysis The sensitivity analysis was conducted by

obserLhe behavior of maximum 15 minute ground level

concentration of SO2 as determined by the EPA dispersion

model PTMTP discussed in Section 1/27.4.2 Variations in

the value of this concentration are determined as function

of the following parameters

stability class

Wind speed
Mixing Height
Exhaust gas temperature
Stack height
Volume flow

Multiple factors

Base Conditions As starting point for the analysis

we as dicd1SPet5 site power plant consisting of

two units each having the following characteristics

Unit rating 1320 MW

Heat rate 8970 BTU/KWH

Stack height 800 ft 244

Stack diameter 37 ft 11.3

Exhaust velocity 46.5 ft/sec 14.2 m/sec

Exhaust temperatures 250F 394K
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The basic meteorological conditions used were

Ambient air temperature 68 293
Mixing height 3280 ft 1000 in
Wind speed 16.4 ft/sec m/sec

Each unit was assumed to be emitting SO2 at the maximum
allowable rate as specified in the national emission standards for fossil plants of 1.2 lbs of

SO2 per million BTtJsinput For the units under gnsideration this is equivalent
to an emission rate of 1790g 2/sec The relationshipbetween heating value and sulfur content of the coal and
the scrubber efficiency necessary to meet the emission
standards is shown in Figure 1/2.7-11 For example for
eastern coal with heating value of 12000 BTU/lb and 3.5%
sulfur content scrubber efficiency of almost 80% is nec
essary to meet the national emission standards

For the purpose of this analysis it was assumed thatthere was no interaction between the plumes of the two
units Any interaction would tend to reduce the maximum
concentration so that if anything our numbers will be
slightly higher than they should be The effect of plumeinteraction is examined more extensively in Section 1/2.7.4.4where the energy park is considered

Since the two units are generally only 50 to 100 metersapart we treated them as single point source emitting SO2at rate of 3580g/sec Since the maximum ground level
concentrations occur at least kilometer or more from the
source combining the units has negligible effect on the
final answer

Sensitivit1 Analysis

Stability Class

All meteorological conditions can be classified underone of six different stability classes Class one is themost unstable condition and class is the most stable with
the other classes falling in between Figure 1/2.7-12 shows
the 15 minute ground level concentrations versus the downwind distance from the point source as function of the
first five stability classes Class caused concentrations
so low that they do not appear on this graph As can be
seen class caused maximum concentration at least
times larger than the concentration occurring under anyother class This is due to the fact that under stabilityclass conditions the plume expands to ground level muchfaster than under other conditions This also explains why
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the peak occurs much closer to the source than under other

conditions

Wind Speed

The wind velocity at the plume height also has great

effect upon ground level concentration Figure 1/2.713

shows the ground level concentrations versus downwind dis

tance from the source for wind speeds of and 10 rn/sec

wind speed of rn/sec resulted in no ground level concentra

tions It can be noted therefore that the maximum con
centration does not occur at either very high or very low

wind velocities but rather at an intermediate velocity of

about rn/sec This can be easily understood if we examine

the processes involved At very low wind speeds the plume

has almost no tendency to bend over and thereby cause the

pollution to eventually reach the ground Rather the plume

rises high into the atmosphere and is so completely dis

persed so that its eventual effect at ground level is neg
ligible For very high wind velocities plume rise is

reduced and emissions are dispersed in the horizontal direc

tion resulting in lower ground level concentrations This

is especially true when tall stacks are utilized It is in

between these two extremes that the maximum concentration as

function of wind speed is found The plume has lost the

ability to rise to great heights as in the low wind veloc

ity case and is not yet able to disperse rapidly in the

horizontal direction as it could with higher wind speeds

Mixing Height

The mixing height or trapping layer is condition

which can exist in the atmosphere which acts as boundary

to the dispersion of pollution In some cases this is

helpful but most of the time it causes an increase in

ground level concentration Figure 1/2.714 shows the

ground level concentrations versus downwind distance from

the source for mixing heights of 800 1000 and 1200

Although the maximum concentration increases on this graph

as the mixing height decreases for mixing height of 700

there was no resultant ground level concentration If the

mixing height is low enough the plume still has enough

bouyancy to penetrate the layer so that all of the pollution

is trapped above the mixing height and there is no ground

level concentrations of pollutants However if the plume

no longer has sufficient bouyancy to penetrate the layer

then the trapping layer acts as lid to the dispersion of

pollutants Since there is now less room in which to dis

tribute the pollution it follows that the ground level

concentrations must increase Therefore if penetration
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does not take place then the higher the mixing layer the
more room there is for dispersion and ground level concen
trations decrease The curves shown in Figure 1/2.7-14
demonstrate this behavior

Exhaust Gas Temperature

The temperature of the gas as it exits the stack is one
of the factors that determines the plume rise bey8nd the top
of the stack However once the gas is about 100 more
than the ambient temperature any increase in gas temperature
causes only slight decrease in maximum ground level con
centration as seen in Figure 1/2715 The temperature
factor involved in computing the plume rise is T5 /T
where Ta is the ambient air temperature and T.is the tac
gas temperature Since this term rapidly levels off as
increases its effect on the plume rise also levels off
that only slight changes are seen in the maximum ground
level concentration

Stack Height

Stack height is an important factor in determining the
maximum ground level concentration Simply stated increas
ing stack height will reduce the maximum ground level con
centration This is due to the basic fact that the higher
the pollution is when it is emitted the more it will dis
perse before it finally returns to ground level This
effect can be seen in Figure 1/2.7-16 where the ground level
concentration is plotted versus downwind disjance from the
source for stack heights of 400 800 and l2OQ feet Beyond

few kilometers from the source there is no difference in
concentrations due to the effect of the trappLng layer but
there is sizable difference in the maximum concentrations
from the different stacks Figure 1/2.7-17 shows the maxi
mum ground level concentration for stack heights varying
from to 1200 feet As can be seen the increase in bene
fits with increasing stack height rapidly diminishes after
800 feet and is virtually nonexistant beyond 1200 feet
The exception to this is when the added stack height suff
ciently raises the plume so that the trapping layer is
penetrated and none of the pollutants reach the ground

Volume Flow

The volume flow of the gas as used in this section is
simply defined as the area of the stack times the velocity
of the exhaust gas The greater the volume flow is the
higher the plume will rise before it is bent over by the
wind Therefore higher volume flows cause decrease in
the maximum ground level concentration In Figure 1/2.718
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we can see that the impact of changing volume flow varies

for different stability classes There is larg change in

concentrations for stability class up to 1400 /sec The

leveling off after this point is due to the mixing height
which is acting as barrier to increased plume rise The

effect of volume flow is less drastic for the remaining

stability classes This is because the maximum concentra

tions for these conditions occur far enough away from the

source that the dominating factor is the mixing height
rather than the volume flow However increasing volume

flow still causes slight decrease in the maximum concen
tration From technical point of view increased volume

flow could be accomplished by increasing the stacks forced

draft with additional fan horsepower

Multiple Factors

Figure 1/2.719 shows the combined effects on 15 minute

maximum ground level concentrations of varying stability

class mixing height and stack height One point which is

easily seen from these graphs is that the effect of increas

ing the stack height is largely dependent upon the stability
class and the mixing height Since these two factors vary
throughout the year it is hard to say exactly how much

increasing stack height will help reduce maximum ground
level concentrations However the maximum concentration

never increases with taller stacks It should also be noted

that for stability classes and with mixing height of

800 increasing the stack height from 800 to 1000 feet

allowed the plume to penetrate the trapping layer so that

there was no resultant ground level concentration

Meteorological data in addition to being classified in

one of the six stabiliy classes is usually further classi
fied as belonging to one of six different wind speed classes

The mean wind speed for each of these classes is about 1.5
2.5 4.5 7.0 9.6 and l2.5m/sec The final step of the

sensitivity analysis was to determine the maximum ground
level concentrations resulting from each of the 36 possible
combinations of stability class and wind class Since the

short term national ambient air quality standards are speci-
fied in terms of and 24 hour concentrations maximum 15

minute concentrations determined by the PTMTP dispersion

program were converted to these time periods

The following equation recommended by EPA and dis
cussed in Section 1/2.7.4.2 was used to convert from 15

minute time averages to hours and 24 hours

15 .2
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where x15 is the maximum 15 minute average ground level

1E concentration as calculated by the PTMTP Program is

the maximum average concentration for longer sampling
period in minutes Both and 24 hour sampling periods
were uses in the analysis

An important thing to consider is how often the 36

different conditions actually occur Since this is depend
ent upon the location of the plant we must temporarily lose

some of our generality in order to obtain some idea of the

likeliness of occurrence of each condition Meteorological
data was obtained for the Rochester New York area based on
24 measurements per day for 10 year period An annual
wind rose was then made from this data and is shown in

Figure 1/2 7-20 Although this is for particular site
the general shape of the wind rose is typical of other wind
roses which were obtained through the course of the analy
sis

In Table 1/27-7 is shown the results of this part of

the analysis Given in the table is the maximum average
and 24 hour concentrations for each possible condition and
also the average annual occurrence of each condition As

can be seen of the 36 possible combinations 15 of them

never occurred in this particular area over the 10 year
period and more occurred less than 1% of the time

In referring to the table we can see that the hour

secondary limit 1300 pg/m was never exceeded and te
primary and secondary 24 hour limits 365 and 260 pg/m re
spectively were only exceeded .2113% of the time or about
18.5 hours per year It should be noted that the average
annual occurrence for each condition represents the total
of the occurrences for all possible wind directions
Also the 24 hour concentration is computed on the assump
tion that the given condition exists for the 24 hour period
with only slight variation in wind direction For these
reasons the annual occurrence results are probably over
estimated Therefore it should be safe to say that our
basic dispersed site will never exceed the short term na
tional ambient air quality standards

Conclusion Of the many different factors involved in

producing ground level concentrations of SOW from power
plant there seems to be only two controllabte ones which can
alter the maximum ground level concentration by any great
amount The first one obviously is to minimize the amount
of pollution that is emitted from stack This can be

achieved either through the use of low sulfur fuels scrub
bers or combination of both Minimizing emissions is the

only way to guarantee low ground level concentrations
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TABLE 1/2.7-7

MAXIMUM GROUND LEVEL CONCENTRATIONS FROM TWO UNIT SITE

WIND CLASS

u1.5m/sec 2.5 4.5 7.0 9.6 12.5

STABILITY CLASS IIIIIIIEIIIII IIIIjIII J146 311 I1III1iII11I TI 48

.1462 .2113

III111IIIIII 235 155 176.j 116 1713
.9000 1.3568 T.0884

IIIII11I111I 1431 95 II1IiiIII3III 1PJ79 119

.5117 6378 8346 0884 1964 0651

ThIILJ ThT 3iLI 24116 ThILiI 11i111

5887 4644 20 0932 25 1664 1917 9158

I1LI 212 EI 21115
0568 9914

513 412 31 212 111311111111-
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The second method is the use of tall stacks Although
this method cannot guarantee that high ground level concen
trations of pollution will never occur it can drasticallyreduce the probabilities of such an occurrence

At present the best method seems to be combination of
these two alternatives that is system which utilizes
either low sulfur fuel or scrubbers to reduce the amount of
pollution emitted to level which can then be totally
dispersed tqith the aid of tall stacks so that there are no
resultant high concentrations of pollution at ground level

Other factors such as stability class wind speed and
mixing height can also cause large variations in the maximum
short term ground level concentration of pollution Unfort
unately these factors are not subject to control by man
However they are matters which should be taken into consid
eration before power plant is constructed If certain
area has an unusual high proportion of undesirable condi
tions then greater care must be taken to insure that high
ground level concentrations do not occur

The accuracy of the model usedand its correlation
with metered data has been discussed in Section 1/2.7.4.2
At this point however we feel that it is important to
point out that even if the maximum ground level concentra
tions listed in Table 1/2.77 are doubled the final results
are almost the same The hour limits are still never
exceeded and the 24 hour primary limit is not exceeded anymore often than before The secondary 24 hour limit is
violated an additional 1% of the time but this again is
small enough amount of time that we should be safe in
assuming that it would not actually occur

1/2 .7.44 ANALYSIS OF SHORT TERM CONCENTRATIONS

Introduction This appendix represents an extension
from the basic two unit site discussed in Section 1/2.7.4.3
to the multiple unit energy park Comparisons are made
between the concentrations resulting from an energy park and

typical two unit site The additive effect of multipleunits on maximum ground level concentrations is examined for
two different park configurations to determine the effect of
unit spacing within the park The resultant table of maxi
mum concentrations for the various conditions is given and
site specific data is again used to give an estimate of the
amount of time that the various air quality limits may be
exceeded The possible benefits occurring from plume inter
action among the units is also examined

Base Conditions On the basis of the sensitivity
analysis performediJn the preceeding appendix the basic
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energy park was assumed to consist of 12 point sources with

each point source representing the same unit pair utilized

in Section 1/2.7.4.3 The baseline generating unit charac

teristics established in Section 1/2.7.4.3 were also used

Although these values do not give rise to the worst possible

ground level concentrations they do represent reasonable

values of the parameters In the proposed fossil energy

park some of the units are rated less than the 1320 MW

chosen as our basic unit Therefore under the assumption

that all units are just meeting the national emission stand

ards the smaller units will produce less SO2 However the

smaller units will have reduced volume flow of gas from

the stack which as was shown in Section 1/2.7.4.3 will

tend to increase the maximum ground level concentration

Within the accuracy of the model used these two factors tend

to cancel each other If anything the resultant ground

level concentrations found using the larger units should be

higher than what would occur if the actual unit sizes and

corresponding parameters were taken into account

Point Source Analysis Beginning with our original two

unit point source we see in Figure 1/2.7-21 an isopleth of

the 15 minute ground level concentrations resulting from the

wind blowing in constant direction From this we can see

that when additional sources are added the resultant maximum

concentration will greatly depend upon the configuration of

the units

AnalysisofParkLayout In expanding the analysis to

an energy park two different unit configurations were

considered For both layouts the units were assumed to be

centered in 10 mile square area These layouts are shown

in Figure 1/2.7-22 The configurations represent the two

extremes in unit spacing within park Within each pair

the units are about 75 to 100 meters apart

As comparison to the concentrations shown in Figure

1/2.721 for single pair isopleths of 15 minute ground

level concentrations for the two park configurations for two

different wind directions are shown in Figure 1/2.723

through 1/2.7-26

As can be seen from Figures 1/2.723 and 1/2.7-24

altering the wind direction can cause about 32% increase

in the maximum ground level concentration Under these

conditions therefore wind direction is an important fac
tor Changes in wind direction with stability class and

conditions resulted in only 24% and 20% increase respec
tively For the remaining conditions the maximum concentra

tion was almost independent of wind direction
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Therefore although the final concentrations presemight be higher than what would actually occur the over
estimation should not greatly effect the accuracy of our
results

In Table 1/2.7-8 and 1/2.7-9 are shown the maximum
and 24 hour ground level concentrations resulting from the
36 possible combinations of stability class and wind class
for the two different park configurations In order to have
some idea as to how often each condition might occur we
again used meteorological data for Rochester New York to
determine an average annual occurrence It should be
noted that the concentrations were derived by assuming that
the wind was always blowing in the direction which gave rise
to the highest concentration for that park configuration
and also assuming that the given condition existed for the
entire period specified On the other hand the occur
rences were obtained by summing the occurrences for each
condition for all possible wind directions Since tie wind
direction is factor in determining the ground level con
centration resulting from park we can see that our analy
sis may be overestimating the amount of time that an
energy park exceeds the national ambient air quality stand
ards However it is obvious that under present technology
environmental considerations could be limiting factor on
the size of an energy park

Comparison of Park to Dispersed Siting In Section
1/2.7.4.3 we saw that if two units were meeting the national
emission standards the ambient air quality standards would
not pose any problem The same cannot be said for fossil
park In the park situation the additive effect of the many
units causes much greater number of conditions during
which the short term ambient air quality limits will be
exceeded For example in the two unit case under stability
class conditions te maximum hour ground level concen
tration was 143 pg/m occurring about 15 km downwind from3the source Since the secondary hour limit is 1300 pg/m
this relatively small concentration causes no problems
However in our basic park configuration with all of the
units spaced within few kilometers of each other the
concentrations from the individual units will all reach
their peaks in the same general area The result is that
under the same conditions that were used above for the two

unit3site the maximum hour concentration is now 1556
almost 11 times the amount caused by single pair

In the spread out park under te same conditions the maximum
concentration is only 637 ug/m less than half the allow
able amount and only about 4.5 times the concentration
caused by single pair Therefore we can see that one of
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TABLE 1/2.7-8

CONCENTRATIONS RESULTING FROM THE BASIC PARK DISTRIBUTION
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TABLE 1/27-9

CONCENTRATIONS RESULTING FROM THE SPREAD OUT PARK CONFIGURATION

WIND CLASS
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the best ways of controlling ground level concentrations is

to maximize the distance between units This however is

contrary to the idea of an energy park where the majority

of the benefits are due to the close spacing of the units

Therefore under the assumptions made and using park

configuration which tends to maximize the monetary benefits

environmental constraints do impose strict limitation on

the size of an energy park

Effect of Plume Interaction An important factor to

park is the possible

interaction of the plumes from the various point sources

When multiple sources are located close together and in the

limit exhausted through the same stack the result is an

increased volume flow of hot gas from relatively small

area

In the area of plume enhancement from mu1ple point

sources much work has been done by Gary Briggs who was

also responsible for some of the plume rise equations dis

cussed in Section 1/2.7.4.2 For point sources he

recommends using

hN NS\3
EN h1

where Lh is the new plume rise from the sources

is he original plume rise from one source and is

spacing factor defined as

ls\ 3/2

where st is the spacing beJen the units When the spac

ing is zero EN reduces to which agrees with the origin

al plume rise equations discussed in Section 1/27.4.2

Using these equations the graph in Figure 1/2.7-27 was

developed for two sources spaced from to 1000 apart
The maximum benefit occurs at zero spacing and produces

about 25% increase in plume rise The benefits decrease

rapidly with only 6% increase occurring at .5 km spacing

The important consideration is what this added plume

rise does to ground level concentrations According to work

published by EPA the ground level concentration at

given point is proportional to

H2
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where UHII is the total plume height and is the standard

deviation of plume concentration distribuion in the verti
cal direction Therefore for two sources we get

2\

\2

where is the new plume rise due to plume enhancement

and can be related to by

where is nondimensional multiplier derived from
EN

and

the stack height If we ratio these two concentrations we

then can get

X2 exp 2lJ

In the absence of plume enhancement is one and this equa
tion reduces to

x22x1
which is the expected result In Figure 1/2.728 the re
sultant correction factor for going from one to two units is

shown as function of unit spacing for and 2H
Depending upon the stability class under onsideratin the

region

2H

is representative of downwind distances varying from about

to 30 km for the units being investigated Since this

covers the region of peak ground level concentrations for

the first three stability classes which are the only ones

which tend to cause high levels it is reasonable to assume

that the actual correction factors will fall in the region

between the two curves in Figure 1/2.7-28 As added cor
relation of ts graph in work conducted by the Air Quality

Branch of TVA the suggested correction factor for two

units with zero spacing is 1.7 which does fall within the

desired region

An inherent assumption in this analysis of plume inter
action is that the mixing height is high enough that the

basic coning model adequately describes the ground level
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concentrations If this is not the case then the actual
correction factors will be slightly higher than those shown
in Figure 1/2.728

Final Review of Assumptions Throughout the analysis
values of certain parameters were chosen which although
they did not cause the highest levels of concentration theyalso did not produce the lowest concentrations This was
done so as not to prejudice the results in favor of energyparks As final check on the sensitivity of our answers
to variations of the parameters one more table is presentedwhich was oJtained by using more optimistic values The new
assumptions are

Stack height 3660m l2O ft
Gas temperature 500 440
Mixing height 1500 4920 ft
Plume interaction causes 20% reduction in con
centration

Although these assumptions may be overly optimisticthe results obtained when combined with our previous ans
wers should give us region in which the actual concentra
tions will fall Since stability classes and never
caused the limits to be exceeded they were omitted from this
part of the analysis Table 1/2.7-10 shows the results
obtained from the first stability classes along with the
results from the more pessimistic analysis As can be seen
although the limits are still exceeded at times the concen
trations are now considerably smaller than in the preceedingcase for all of the conditions

In Table 1/2.7-11 the percent of the time that the parkwill exceed the three short term ambient air quality limits
is given for the two different sets of assumptions The
most important part of this table is the numbers for the
hour secondary limits As was mentioned before the model
used assumes that the given conditions will exist for the
entire period specified with only minor variations in wind
direction Since it is more likely that condition will
last for hours than for 24 hours it follows that the
hour concentrations have greater probability of beingreached than the 24 hour concentrations
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TABLE 1/2.710

SENSITIVITY OF CONCENTRATIONS TO CHANGES IN ASSUMPTIONS

WIND CLASS

__________________ u1.5m/sec 2.5 4.5 7.0 9.6 12.5
OPTIMISTIC ASSUMPTIONS

TABILITY CLASS
1162

4871321 982 J32 699 1461 IjIIJII1

01 960 1634 J72 620 1409 IIIIII1Ij
.9000 1.356 1.0884

01 12J4O4 5l3j 338 J3 461LQ4
.5117 L63W 4.83T L088 .1964 .0651

PESSIMISTIC ASSUMPTIONS

162 12051795
1843 185 1310 1864

JO0 13568
2l85Jl442 1514 J5 11

1556 1027 1173 1064 702 982 648
5117 6373 8346 0884 1964 0651

MAXIMUM H9UR MAXIMUM 24 OUR
pg/rn



Cases 24 Hr PRI Hr Sec 24 Hr PRI

Th Occurrences 365 1300 260

Optimistic 13

Assumptions 5.9 7.5

Pessimistic 13 13

Assumptions 7.5 5.9 7.5

TABLE 1/2.7-11 COMPARISON OF RESULTS OBTAINED FROM
DIFFERENT ASSUMPTIONS

Conclusions The maximum ground level concentrations
of

SO2
from an energy park are more sensitive to variations

in parameters than was observed for the two unit case
However even when an optimistic set of parameters is cho
sen and plume interaction accounted for the park will
exceed the 24 hour primary limits almost 6% of the time
Due to this high sensitivity detailed analysis of mete
orological conditions should be made at any proposed park
site before any other work is undertaken Constant metering
should be done throughout the construction and life of the

park to insure that the various air quality limits are not
exceeded It might also be advisable to use wind tunnels
and park models to more clearly determine the environmental
effects of the park

Under present technology and with high sulfur coal it
is highly probable that the short term ambient air quality
limits will cause significant size limitation on an energy
park

Obviously any advances made in fuel desulfurization
will greatly alter the position of energy parks If suff
cient progress is made in the areas of reliability and
efficiency the environmental constraints on fossil parks
will be removed

1/2.7.4.5 ANALYSIS OF LONG TERM CONCENTRATIONS

Introduction In Section 1/2.7.4.4 we determined the
maximum average ground level concentrations of

SO2 which
might occur for an energy park over periods of and 24
hours The remaining limit specified by the EPA under the
ambient air quality standards is the annual average concen
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tration In this section we will determine this annual
concentration for various unit configurations using speci
fic set of meteorological conditions The sensitivity of

our results to extreme changes in conditions will also be

examined

Long Term Analysis In analyzing the annual average
ground level concentration of SO the EPA Program CDM
Climatological Dispersion Model was used Basically this

program determines the ground level concentration at various
points for all of the combinations of wind class and stabil
ity class weighted average is then made with the weight
ing factors obtained from joint frequency distribution of

wind direction wind speed and stability class For
specific site the joint frequency distribution is construc
ted from metered data with the compass divided into 16 equal
segments for the purpose of determining the wind direction
The weighted average thus determined is good approximation
to the annual average ground level concentration of pollu
tants

Base Conditions Annual concentrations are computed
for four different unit configurations based on joint
frequency distribution constructed from metered data col
lected over ten year period for the Rochester New York
area The joint frequency distribution shown in Table
1/2.712 is the same distribution that was used in Sections
1/2.7.4.3 and 1/2.7.4.4 with the exception that now the
occurrences are distributed among the 16 different wind
directions The first three unit configurations studied are
the single source the basic energy park and the spread out
park used in the analysis of short term concentrations
Section 1/2.7.4.4 The final configuration consists of 12

pairs of units evenly spaced along the perimeter of square
45 miles on side This was done to approximate the annual
concentrations which would occur with dispersed siting of
units

In addition sensitivity analysis was made for each
configuration using uniform wind rose This wind rose was
formed by giving each of the 576 terms stability classes

wind speed classes 16 wind directions in the joint
frequency distribution an equal probability of occurrence

Each of the unit pairs used in this analysis is identi
cal to the basic point sources discussed in Sections 1/2.7.4.
and 1/2.7.4.4

Single Source The annual average ground level concen
trations from single point source using the frequency
distribution shown in Table 1/2.7-12 are shown in Figures
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TABLE 1/2.7-12

ROCHESTER STABILITY WIND ROSE DATA Ii

COAl A1SSO 7553k AU ._
UI US Li 06

741 J05N1 AQUEACY UACTIOM CA SYAIILITY CLASS
O.U003UQSC O.SoC7ECL
O.SUOC3CE0 0C-
Q.73L. CtcC__4.___ 0.650770104 O.707f73 ________ 0.____________
0.52O0CE7 0.AC3LC3

__.6 0.020017 O.C7Co3
0.o3103 0.5300731-73

--
0.967703C3 027 -7 -- -- -__

0.160770133 0.17377603_.S O.l43CCSC .773173 ..l ________ ___________
11 O.133C7U03 0.255737173
12 0.120C7603 0.2700103 0.

0.90070310 0.143701-0
0.5030075C 0.957771-34 0.___

15 O.o0o33504 0.17633633_.JA_. 0.6000071U ___ 0.695003004
-- ____0O

-- 061 7011 FAA .77776 CTIM FCA STABILIOC CLASS -__________
0.26470360 0.56003C175 0.0607305.0
0.I97oEO3 0.61 5733103 0.333030103 .._ -- _______ 0.__ ____0.246057603 0.4347775_73 0.2977071-03
0.43 30603 0.6077771CU C.437C7103 0.______________
0.757173 3.6507777-03 0._577307_33
0399377533 0.6557731_33 Q..40777_53
0.657773173 0.253773133 0.403777633

-- 0.073377103 C.0U.7031_33 0.477770-03 __0___
0.124437102 0.565673132 0.5233371-02

0.965700603 U.1565336_2 0.3.3007602 __________ 0._
11 0.529650072 0.6307602 5.0.037733
12 0.950003153 550736-72 0.934730633

U.3USCE03 C.b5577533 0.697737133
14 0.270773633 O.992737173 0.731737673
13 O.2077c.36 0.53737173 0.A.50771-03
16 0.272C0560U 0.4077336_33 5.8 70060 ___0 ____________

163 JOINT 66 61ECv 17771579 101 STOMOLSTY CLISS
0.5863051C 0.45500E03 O.2713132 0.550007103 0.5103001_C
O.993C-Eo 0.331737103 C.197576o0 1.UAC30603 C.0C0383
Q.707733154 0.O377137 3.3CCT7-52 3.3433775-03 0.4577775.0
0.6973036-06 3.73777o73 C.7Ac 0oo 2117733 0.11033010 U_
0.32973700 0.857777_ç3 0.5.333-5.72 33 133

--
0.41370o3 0.050.7770_33 0.51077502 0.170071733 --0.N0l0373 0.17777102 0.537302 3114737533 0.510706_C
0.4577376.53 0.03 170-33 0.2347370-02 0.226707773 0.517171-04
0.824300633 0.233713670 0035137102 0.8313371.33 3.37050

50 0.36970173 5.26773877 3.672777732 7.9717795.73 0.4673377.3-
11 0.673173 0.2 7478 0.36077702 3.1710705Cl 7.274375CC 7.1147iC
12 0.197008i7 0.14603CO 0.4748337.02 0.190733602 0.7171573 73477C3
13 0170073803 0.0827331C 0.2531330.32 31067131CO 0.28607753 3.48

14 0.75033385 0.503733833 0.233173502 1.160708.32 3.32770715 o.0j_5
--11 0.5575301CU 04607078.03 O.2303400 0.02233603 0.917378C 0.330337Z34

36 143703103 0.714co13 O.27631502 0731000133 2307753

CAMS VOOSION 32313 6061

02 j3 05 06

SEC TSR

7666 20567 16878.Cv 7C1139 17 5165fl51v CLAUS

0460000603 0.035603832 7.677 _C 77670331.32 0.142803002 2.3730173
0.365030603 C.1190096- 02 0.54o700 0.63 31C2 5.370670332 0070117073
0.53733060 177337.2 O.62723002 0O7i7802 70337-CO 0.C5l_1.o
0.8713006-00 .97335C2 0.303503 533110002 0.4277378-03 0.6.7077.-7
0.101635102 0.45273E 5.535- 30131 76762376_30 7.343007873 571377.74
0.1337001772 0.4773572 0.33 3777 -01 7.461.37532 0.57.0377.73 0.17377
0.162773632 0.740217702 0.36040703 0.333107777 3.3677073_C 0.677177
0.2770652 7.3563503 0.324377752 0.7137-Cl 0.-3.132 0.7-33
0.109377100 5.6213777.12 0.590957801 7.169457701 0.092477702 O..3o777

SQ 0.173433833 06775171.77 O23393CI 0274773731 0.3077CO 0534077._
II 5.165637832 03 375030CO 0.20777770 5.241977531 3.6200305-32 o7577732
IS 0.514907172 0.38703357 0.236-420871 0.071643151 0.357737771 0.27777
13 0.102600602 0.341373002 0.137170233 5.2510477Cl 0.147143501 0.316617712
56 5.7963Q0503 0.326570805 7.127377601 0.27920301 0.53040301 0.314177732
55 5.5873353 0.201737577 C.177677331 0.145517531 0.375970703 0.56777_E-73

16 5.51750005 0.2363038.02 0.0965075-02 3.5009001.32 0.117800102 0.690707734
--

THE 22561 FR EC_M FJ6.CTION 178 STOBILITY CLASS

0.100775602 5.1473077-72

0.525703103 0.130500102
0.79017771.03 0.1302706_CO

0.1793071-02 0.185737802 _0 ________
0.377033577 0.27027730
5.3650036-72 0.381737707

--

1.423700672 0.1202735-32

0335533652 0.23763SCC
0.4831077CO 0.771537002

25 S4357700_02 0.153078-Cl _0
11 0.4463005c o.isooos
12 0.32C70302 0.13351SCl
13 0.14737770CS 0.623577132

0.11 5410102 O.421C7702
15 0.1074036.77 0.245330632

3036_CU 0.1670006-02 ________

1680 2051 ca5o0scy 10671509 600 STA6ILFTY CLASS
0754303603 0.159700102
0.505300033 06057776-03 --

0.770-077513 0.9463301C

0.5553007777 C.566001-77 0._
--

0.203000132 0.2s07712
0.35165-0002 0.277 13602
0.463907774 0.41677780C
03454036772 03277031-02

--

07507731-02 0Cl770043
10 __0.06-T17177 _0.I002770Cl ___0

0.6202706CO 0.113 33051
15 0.303437102 0.673-03-57
13 0.12777002 0.3360 02
14 0.103503373 0.1777075-70

13 0907070503 5.131603502
IN Q.739003163 0.507770500 _5
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1/2.7-29 and 1/2.7-30 The two separate plots were made in

order to show the concentrations in the vicinity of the

source and also the long range effect of pollution disper

sal In Figure 1/2.7-30 the effect of the predominant wind

direction towards the ENE can be seen quite3clearly
with

the maximum concentration of about 2.7 pg/rn occurring in

this direction from the source In Figure 1/2.731 the

uniform wind rose was used and the expected circular pattern

of concentrations an be seen The maximum concentration is

now about 9.9 pg/rn which occurs close to the source This

is due to the much more frequent occurrence of stability

class conditions which reach their peak concentrations

within short distance from the source

The primary and secondary lmits for the3annual average

concentration of SO are 80 pg/rn and 60 pg/rn respectively

Therefore it shoul be quite safe to say that single pair

of units meeting the national emission standards will never

exceed the primary or secondary annual average concentration

limits regardless of the meteorological conditions which

occur in that region

Basic Energy Park Using the Rochester New York wind

rose data we see in Figures 1/2.7-32 and 1/2.7-33 the annual

average concentrations resulting from the basic energy park

confguration The maximum concentration is about 32.4

pg/rn about 12 times the maximum for single source This

was expected due to the small spacing between the units and

the relatively large distance at which the maximum concen

tration occurred Figure 1/2.7-34 shows the results of

applying the uniform wind rose to the basic energy park

configuration The maxium concentration under these condi

tions is about 96.5 pg/rn This large increase is due to

the small distance between the units and the fact that the

uniform wind rose produces maximum concentrations in the

vicinity of the source

Spread Out Park Using the same approach Figures

1/2.7-35 through 1/2.7-37 were constructed for the spread

out park For the Rochester New York wind rose the maximum

concentration is slightly less than what occurred with the

basic energy park due to the increase distance between

pairs This spacing also reduced the sensitivity to changes

in meteorological conditions Using the uniform wind rose

for the spread out park caused the maximum concentrations to

increase by less than factor of two

Dispersed Distribution The concentrations resulting

from our approximation of dispersed siting of units are

shown in Figures 1/2.7-38 and 1/27-39 For the Rochester

New York wind rose increasing the spacing between pairs to
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15 miles caused the maximum concentration to be roughly half

of the maximum for either energy park Using the uniform

wind rose resulted in only slight change in the maximum

concentration with the numerical value decreasing by about

16%

Results Table 1/2.7-13 shos4s the maximum annual

average ground level concentrations for the foürconfigura
tions studied for both of the wind roses used Also shown

is the ratio of the maximum concentrations from each wind

rose As can be seen for siEe with typical meteorologi

cal conditions i.e Rochester wind rose there is no danger

of ever exceeding any of.the annual concentration limits

defined in the ambient air quality standards Thesensitiv

ity of these results to changes in meteorological conditions

appears to be largely factor of the spacing betweeh the

units as shown by the results for the uniform wind rose

Maximum An9al Avg Rochester Uniform Uniform

Conc pg/m Wind Rose Wind Rose Rochester

Single Source 2.7 9.9 3.67

Basic Energy Park 32.4 96.5 2.98

Spread Out Park 29.4 58.0 1.97

Dispersed Siting 16.8 14.1 0.84

Primary Standard 80 pg/m
Secondary Standard 60 pg/rn

TABLE 1/2.7-13 COMPARISON OF ANNUAL AVERAGE CONCENTRATIONS

In general since most areas have prevailing wind

direction and weather conditions usually classified as

stability class or it is safe to assume that if the

units are meeting the national emission standards then there

are no restrictions placed on the park due to the maximum

annual average concentrations defined in the ambient air

quality standards
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1/2.8 COOLING MODE CONSIDER1TIONS

Heat discharged from given power plant to the cooling
water must eventually be dissipated to the atmosphere
where it radiates to space The method of such disposal
depends on the type of cooling system used

The amount of heat discharged to the condensers is
related to the plant heat rate In an efficient fossil
fired plant about 40% of the input energy is converted
to electricity About 45% is discharged to the cooling
water and the remaining 15% is lost in the plant in the

stack and in the ash Because of the lower steam temperature
and pressure present nuclear plants have lower efficiencies
about 33% In such plants approximately 62% of the input
energy is discharged to the cooling water via the condenser
and the remaining 5% is lost in the plant Thus the nu
clear plants now discharged about 40% more energy directly
to the cooling water than fossil plants The development
of the fast breeder reactor will however push toward
higher steam conditions with resulting efficiencies
approaching those of new fossil plants

The cooling modes considered for comparison studies
in this report include cooling ponds once through river
cooling evaporative cooling towers and dry cooling towers
Table 1/2 8-1 shows the water requirements for each type
of plant based on the consumption characteriEtics of each
plants cooling mode and the total MW rating at 70%
plant capacity factor

The estimates of capital costs found in Section 1/2.5
and land requirements and water requirements contained
in Section 1/2.4 are made on the basis of natural draft

evaporative cooling tower with small makeup pond as

the heat rejection mode In addition some of the park
layouts were drawn showing cooling ponds the land
and water source to create ponds are available this mode
would cost least and have the lowest back pressure for
best turbine performance These ponds are considered to

be owned by the park or dispersed site owner and must be
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TABLE 1/2.8-1
CONSUMPTIVE WATER REQUIREMENTS

GAL ACRE-FT
10 YEAR/

10 YEAR

FOSSIL PLANTS

Dispersed Sites yark
Cooling Mode 2885 MW Units 21075 MW Units 21320 MW Units 26240 MW

Once Through 3.2/.010 39/.012 48/.015 47.5/.146
Pond 5.5/.017 6.6/020 8.2/.025 811/.249
Evaporative Tower 4.6/.014 5.5/.017 6.8/.021 67.7/.208

tJ Dry Tower .07/.0002 .08/.0002 .1/.0003 1.0/.003

Dry Tower/Peak Shaving .2/0006 .24/0007 .3/0009 2.9/.009

NUCLEAR PLANTS

QdJte Mini Park

21300 MW Units 41300 MW Units 26000 MW

Once Through 6.7/.021 13.5/041 67.3/.206
Pond 1l.5/.035 23.0/.071 1150/.352
Evaporative Tower 9.6/.029 192/.059 95.9/.294

Dry Tower .1/.0003 .2/.0006 l.0/.003

Dry Tower/Peak Shaving 3/.0009 .6/002 29/009

Includes Water for inplant service Based on 70% capacity factor



located near an economic source of makeup water The
question as to whether such dedicated pon4 becomes
subject to Federal Water Pollution Control Standards is not
answered by this report.37Alternate cooling modes
are possible in any case and this section will discuss
each of these possibilities briefly In this section
cost increments and efficiency penalties are given for the
alternate heat rejection modes

Although numbers are provided for once through
cooling present Federal Water Quality Standards will
limit once through cooling applications in the future due
to restrictions on the allowable temperature rise for the

discharge water body

The cost numbers provided for the various cooling
modes include condensers pumps piping valves and other
essential items of the cooling water system Differences
in cost and respective heat rates of the various cooling
systems are listed in Table 1/2.82

1/2.8.1 Cooling Ponds

In those areas where sufficient land is available and
land costs are not exorbitant large cooling ponds provide
an economic method of closed cycle or supplementary cooling
Heat rejected in the steam condenser to the circulating
water is conveyed to the lake or pond and is dissipated
from the water surface Generally the cooling lake for
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plant is sized at approximately one and one half

to two acres of surface area per MW of generating capacity
For fossil plants one acre of surface area for each MW

of generating capacity is assumed

Insofar as plant operation is concerned the inherent

thermal inertia of the cooling pond prevents the rapid

swings in inlet temperature which characterize cooling
towervs interaction with daily meteorological changes Thus
the full impact of the hottest outdoor temperature can be

delayed so that plant output can be sustained through
the peak generation period associated with summer air
conditioning loads In addition the thermal inertia and

the large supply of stored water represented by the cooling

pond represent safeguard against temporary failure of

the water supply system This could be an important
advantage of large power center located some distance

from the source of make-up water.33

For 20F temperature change made by cooling

system range when the lowest temperature attained above

ambient wet bulb temperature approach is also 20F pond

loading of lO BTU/hr per acre would be possible during
the sunimer This loading would produce an evaporation
rate of 2.3 ft per month

Other advantages of cooling ponds may include the

potential for waterbased recreation the enhancement of

surrounding property values and the possible joint use with

other industries or municipalities

The effectiveness of cooling ponds can be augmented by

the use of either hot pond or spray pond

The hot pond operates at temperature in the

vicinity of 120F sacrificing turbine efficiency for land

economy Turbine back pressures obtained with this 120F

cooling water on the order of HgA This back pressure
is within the design limitations of standard turbine units

normally operating at 15 HgA The pond acreage is reduced

to approximately onefourth the size of normal pond
This is due to the fact that less pond surface cooling is

required for hot pond when compared to normal pond

Spray technology is an old art that is becoming new

science One company sells modules that float in cooling

canals and spray water when their pumps are activated The

affect of spraying induces strong thermal gradients in still

air increasing both the heat transfer coefficient between the
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cooling air and the spray pond and the effective surface

area of water to be cooled This results in pond one
half the size of normal pond with condenser cooling

capability equivalent to wet evaporative cooling tower

under still air conditions

1/28.2

Generally the oncethrough circulating system is the

least expensive of the several types of cooling systems in

use today Utilities have used this method of providing

circulating water whenever conditions permit

If Philadelphia is chosen as typical example location

for this method of heat rejection the following results

are obtained River cooling at Philadelphia is based on

75F maximum initial cooling water river temperature
16F rise in temperature in the heat exchanger final

cooling water temperature of 91F 7F below the maximum

of 98F permitted for return to the river Thecorrespon
ding condenser pressure of 1.8 inches of mercury would

result in no loss of generating capacity and no demand

kilowatt charges in the hottest weather The pump head

was assigned as 21 feet for this calculation

As one might expect the pumping power for oncethrough

cooling is small on the order of 17MW for 700MW plant
As mentioned previously although oncethrough cooling is

the least costly alternative it is highly tmlikely that

it will be permitted in the future

1/2.8.3 Evaporative Cooling TOWerS

Where sufficient water is not available for once

through circulating water system an evaporative wettype
cooling tower is often used to dissipate the heat as it

is pumped through the condenser Most of the cooling is

performed by evaporation which produces heated saturated

air It is this evaporation which causes the plume or fog

associated with this type of tower Evaporative cooling

towers are either of the crossflow design in which air

flows horizontally through the falling water or the counter

low design in which air flows upward through the falling

water The driving force for moving air through the

cooling tower can be either motordriven fans mechanical

draft or the thermal lift obtained by the use of natural

draft tower

The cooling water conditions assigned for this evaluation

are pump head of 75 feet water cooling range of 26F
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TABLE 1/2.8-2

INCREMENTAL COSTS AND EFFICIENCY PENALTIES

FOR ALTERNATE COOLING MODES

Incremental Cost Typical Nuclear
cooling Mode /_ Plant Efficiency

Evaporative Natural Draft Base Case 32.7

Tower

Evaporative Mechanical

Draft Tower to 32.6

cooling Pond to -8 32.8

Once Through River 75 to -11 32.9

Dry Tower Mechanical
Draft to 17 28.1

Dry Tower Natural Draft 22 to 45 28.6

Dry Tower Natural Draft
With Peak Shaving 23 to 46 3OO

Note There will be cost differŁhces for nuclear and fossil plants
due to the differences in heat rejected to the cooling medium per

KW output Caution must be used in comparing these numbers with
those contained in other references to be sure the scope is equiv
alent

Base case considered is an evaporative natural draft cooling tower
Costs include complete condenser and cooling system installed

This table is continued on the next page to show more specific detail
on various cooling systems The information on the next page is from

preliminary report from the Pennsylvania Energy Park Study
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TABLE 1/2.8-2 CONTINUED
COMPARATIVE COOLING SYSTEM PARAMETERS

FOSSIL/HTGR 800 MW BWR/PWR 1000 MW

Once Wet Dry Once Wet Dry

Thru Mechanical Natural Mech Thru Mechanical Natural Mech

Capital Cost $/Kw
1974 DOLLARS

Cooling Tower/Cond 4-8 8-10 10-14 3144 5-9 10-13 13-18 44-57

Turbine/Generator Base Base Base 3% Base Base Base 15%

Lost Capacity

Due to Higher Back Base 1% 1% 9% Base 1% 1% 15%PWR

Press 17%BWR

Loss in Efficiency

Increased Heat Rate Base 1% 1% 10% Base 1% 1% 15%PWR
17%BWR

Auxiliary Power

Consumption Base 0.5% 0.25% 1.25% Base 0.8% 0.4% 2%

Land Requirement

Acres 35 23 57 57 35 710

Based on data appearing in Power Plant Cycles for Dry Cooling Towers Leung Moore Journal of

the Power Division Proc of the Zmer Soc of Civil Eng Dec 71 escalated to 74 8%

Based on GE Marketing Information letter MIL 946 11/29/71 and MIL -1017 2/26/73
Differential on equipment cost only No differential anticipated on erection .costs

Based on various reports studies and manufacturers information

For discussion of the commercial availability of high back pressure turbines see accompanying

information
These land requirements are for comparative purposes only not to calculate total station land needs

This information is from Preliminary Report of the Pennsylvania Energy Park Study



cold water approach to air wet bulb of 13F and
terminal temperature difference for condenser to hot water
of 5F For Philadelphia an example chosen previously the
design 5% wet bulb temperature was 75F and the 1%
temperature for demand penalty assessment loss of

capability was 79F

Mechanical Draft Wet Tosqers Mechanical draft
cooling towers are either forced or induced draft design
Forced draft towers have the fan at the bottom of the tower
induced at the top

The fan power for the mechanical draft tower is roughly
one quarter of the total power needed for cooling

Again using Philadelphia as reference the design
condenser temperature would be 120F 3.45 inches of mercury

Mechanical draft fan towers are still the major type
chosen with natural draft being primarily in the east where
higher humidity assures buoyancy

Natural Draft Natural draft or hyperbolic cooling
towers use the density difference between warm moist air
in the tower and cooler ambient air outside the tower to
create draft in the tower shell This determines the
air velocity through the tower Towers as high as 500 ft
have been employed on large capacity stations

The natural draft towers present essentially the same
turbine back pressure conditions as do the mechanical draft
towers The major differences are the larger size in the
case of the natural draft wet tower and the need for
fans in the mechanical draft towers

For the application using evaporative cooling towers
complementary cooling pond will be necessary if the source
of makeup water is natural river in order to maintain
cooling during periods when the river flow is too low to
permit drawing to 5% of its throughflow for makeup

For this study cost estimates provided for both nuclear
and fossil power plants include the costs of natural draft
cooling towers Increments are provided in Table 1/2.82
to enable the reader to determine an approximate plant cost
when one of the alternate cooling modes is chosen The
complementary cooling pond needed to assure enough water
during low flow periods for the makeup source-is approxi
mately 8% of fullsized cooling pond that does not have
sprays and is not considered hot pond
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1/2.8.4 Dry Cooling Towers

In cases where evaporative cooling towers may not
be totally acceptable solution at particular site due
to visible plume discharge make up water availability
environmental icing and concern about carryover dry
towers are sometimes called for although they may require
special turbines designed to operate at the higher back
pressures Such turbines are not yet designed for nuclear
applications and are yet to be proven in the field for
fossil application

The optimum application of dry cooling towers to
steam power plants has been detailed by Rossie Smith and
Larinoff and Leung 34 35 36 They generally find the
most favorable Initial Temperature Difference ITD
the condensing steam temperature minus ambient air temperature
to be in the range of 50F to 60F The back pressure would
be in the range of to ll HgA less than optimum ITD
45F was selected for this study By assigning 45F
lTD conventional steam turbine is retained and the various
costs and component performances are made more certain At
the 5% design point dry bulb air temperature of 88F
the condenser would be at 133F turbine back pressure of
4.9 inches of mercury If the ambient air reaches the
demand penalty point of 93F the condenser temperature at
full steam flow would rise to 138F 7.2 inches of
mercury turbine back pressure At and above the demand
penalty point load must be reduced i.e generated power
must be decreased to avoid exceeding machinery limits This
condition would be expected to occur approximately 1% of
the time about 30 hours per year when either demands are
not satisfied or alternate peaking power supplies must be
used Special high back pressure turbines could be used
with decreased efficiency or reduction of steam flow and
other generated power would be necessary to reduce this
extreme condenser condition for conventional turbine
equipment

The conventional dry cooling tower is suspended 115 ft
above ground in continuous sections like vast canopy
Atop the heat exchange sections are the fans and motors
In contrast the designs for natural draft cooling stand
the heat exchanger surfaces on edge and then accordion pleat
them around the base of the tower Thus land area require
ments are nearly equal

The cost of dry towers is based chiefly on the work by
Beck Associates.35 The cost range included in Figure

1/2.8-2 for dry cooling towers is wide enough to include
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both fossil plants 60% of the heat rejection of nuclear
plant for the same MW rating and nuclear plants

The natural draft tower costs are based primarily onNorth Eastern applications and the mechanical draft towers
are deduced from average conditions The regional variation
in tower costs is approximately 15% Reference 36 contains
some work on reduction of height and heat transfer surface
of dry towers and the possible impact of this on the cost
of dry towers

1/2.8.5 yCooiing Towers with Peak Shaving

The design air temperature for cooling towers cannot
be far below the maximums for region or there would be
an inordinate loss of plant capability coincident with summer
peak load demands for plant utilizing conventional turbinesThe basis of selection is usually that temperature exceeded
5% of summer hours 150 hours for design the loss of
capability demand penalty is most often assessed at the
temperature exceeded 1% of summer hours or 30 hours

Since both wet cooling towers and dry cooling towers
may operate with an lTD of 45F condensing steam tem
perature minus cooling air ambient temperature comparison
can be made between an arid and temperate location de
picting design and demand penalty conditions Table 1/2.8-3
depicts these Conditions for each respective location

The loss of capacity would be most extreme for the arid
location where dry cooling towers are generally most
favored Even in the temperate location the dry cooling
tower would violate operating levels most conducive to
high reliability for conventional steam turbines

These data show that dry cooling tower that could
work toward the wet bulb temperature during peak temperature
periods would substantially reduce the plant demand
penalty while avoiding high turbine back pressures that tend
to reduce reliability This type operation can be achieved
by spray humidification of the air entering the dry tower
or by spray wetting of the heat exchange surfaces Both
processes are proven technology for air conditioning and
the process industries They have not been applied yet to
utility power plants

The use of spray humidification presents an economic
means to curtail the adverse effects of high turbine back
pressure and loss of plant output coincident with maximum
summer power demand
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TABLE 1/2.8-3
SUMMER AMBIENT CONDITIONS

Phoenix Arizona 5% 150 Hours 1% 30 Hours

Air Temperature 104F 108F

Wet Bulb Temperature 7SF 77F

Philadelphia Pa 5% 150 Hours 1% 30 Hours

Air Temperature 87F 93F

Wet Bulb Temperature 76F 78F

CONDENSING STEAM CONDITIONS 45F lTD

Phoenix Arizona 5% 150 Hours 1% 30 Hours

Dry Tower 149F 7.4fl Hg l53F 82 Hg
Wet Tower 120F 3.5 Hg 122F 3.6 Hg

Philadelphia Pa 5% 150 Hours 1% 30 Hours

Dry Tower 132F 4.8 Hg l38F 5.6 Hg
Wet Tower l2lF 3.5 Hg l23F 3.7 Hg

Exceeds Hg l34F limit for conventional steam turbine

operation
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Estimates indicate that in Philadelphia peak shaving
by spray humidification of the air drawn through dry cooling
tower would result in net savings through the entire 150
hours that temperatures exceed the design point The
amount of water to be consumed 80 million gallons is of
the order of three times the 22 million gallons per year
required for normal operation of the steam power plant with
dry cooling towers.53l33

The cost of the increment of water consumed tends to
be offset by the value of the reduced kilowatt demand pen
alty and by the reduction in fuel oil or gas used to generate
the substitute kilowatt hours of demand energy There
is further benefit due to the improved efficiency resulting
from the lower back pressure plus the fact that conventional
turbine units as opposed to special high back pressure
units have reduced leaving loss in the to HgA range

1/2.8.6 Water Consumption

There is great confusion about the water consumed
for the generation of power For steam plants an inplant
use has been assigned as 0.01 gallons per kilowatt hour
For evaporative cooling the value of 0.5 gallons per
kilowatt hour is appropriate The additional water that
flows through the system including any cooling tower
blow down was not attributed to consumption Such
water would be treated and returned to the water source
or to ground water

For once through cooling there is induced evaporation
of the heated water after it returns to the river This
is surprisingly large see Figure 1/2.8-1 but less than
that found at cooling tower due to the added effect of
radiation cooling and the reduced vapor pressure of water
at temperature lower than that typical of cooling towers

The cooling pond would be intermediate between once
through cooling and the cooling tower if the natural
evaporation were not assessed against it The natural
evaporation that which would occur even with the power
plant inoperative adds an appreciable increment

The use of water spray to bring hot ambient air
down toward the existing wet bulb temperature depends on
evaporative cooling for its chilling effect The effects
are such that even with extremly costly water dollars
per thousand gallons one would use such system extensively
but only during the hottest weather The total water con
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sumption for this use was divided by the total kilowatt
hours generated in year to describe the average water
consumption

All plants must have some water service for ordinary
plant needs and also to service small evaporative cooling
towers for generator cooling at dry sites The use of
peak shaving for dry cooling tower increases annual water
use by factor of three as compared to totally dry steam
plant Once through is the least consumptive wet heat sink
followed by the evaporative cooling tower and then by
cooling ponds All of the wet cooling modes have cooling
water consumptions of comparable order of magnitude
Both at Phoenix Arizona and at Orlando Florida use of
municipal sewage effluent is planned to meet all of
the consumptive water needs for the power generation
In previous study of cooling for nuclear power parks it
was ascertained that makeup water for evaporative cooling
towers or ponds could be piped overland great distances
15 to 30 miles at costs less than the electrical trans
mission costs for comparable distances This suggest
that nuclear power park site be biased somewhat toward
the center of power consumption rather than adjacent to the
water source

Where water must be purchased the increment to the
cost of power generation is one mill per kilowatt hour for
consumption of one gallon per kilowatt hour when water
costs one dollar per thousand gallons

In summary various cooling modes which are possible
for park application have been discussed The base case
for cost estimates has been the hyperbolic natural draft
cooling tower The prime alternate is cooling ponds The
ultimate choice for an energy park will depend on the
climatological conditions site terrain and water
availability Plume interractions from large nimiber of
cooling towers may or may not be problem depending upon
their relative positions to one another Additional research
into the environmental effects of cooling systems for
energy parks is necessary More discussion on water
requirements for energy parks is contained in Task
Environmental Overview
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1/2 FOSSIL FUEL CYCLE CONSIDERATIONS FOR ENERGY PARKSAND DUAL UNIT DISPERSED SITES

There is widespread agreement among electric utilityexperts that coal will be the dominant fuel for the indefinite future The utility industry could be burningsomewhere between 650 million and 800 million tons of coal
year by 1985 depending upon whose predictions of futuredemand one believes For comparison purposes the 1973

consumption by the electric utility industry was 390 milliontons So the forecasts show approximately doubled con
sumption in the next decade

companion of this large increase in the consumptionof coal is the necessity to transport the coal from the mineto the plant

This Section 1/2.9 will consider those aspects of
burning coal that will affect the comparison of coal fired
energy parks to coal fired dual unit dispersed sites
Among these aspects will be transportation modes mine mouth
costs heat content sulfur content handling considerationsinvestments required to provide new transportation trans
portation costs and coal quantities required for the typesof plants being considered in this study

1/2.91 Coal Quantities Reired

The quantities of coal required for the power plants
being considered in this study depend on the heat rate for
the power plants the heat content of the particular coal
being burned and the capacity factor at which the individual
unit is operated For this study which is nonsite specificthe base case assumes that the coal has heat content of
12000 BTU/lb which would be.c1ose to the average imit
heat value of bituminous coal and lignite produced and con
sumed in the United States in 1973 Later in this
section discussion of units burning lignite with much
lower heating value will be included The 12000 BTU/lbwill be considered to be eastern high sulfur 35% bitu
mous coal for the purposes of this study This leads to
the necessity of equipping the imits with flue gas de
sulfurization equipment and providing for sludge disposal

As was discussed in Section 1/2.3 this study considers
fossil units with ratings of 885MW 1075MW and 1320MW
The performance of these units lead to assumed station heat
rates of 8984 8993 and 9019 respectively

1/2205



For the purposes of sensitivity analysis three values
of capacity factor will be assumed These are .65 .75
and .85

summary of the quantities of coal required for the
dual unit dispersed sites and for the 24-unit energy park
is given in Table 1/2.9-i This table shows that for the
largest dual unit dispersed site between 5.6 to 7.4 million
tons of coal year would be required This quantity is
not different significantly from quantities being hauled
to single power plant today For example Detroit Edisons
Monroe Michigan Plant uses million tons per year For
the energy park coal consumption is indicated as function
of the number of units on line After four 885MW units have
been completed in 1988 the park will be burning between
7.8 and 9.8 million tons year and when all eight 885MW
units have been fired in 1992 the consumption will rise to
between 15.2 and 19.6 million tons year When all 24
units are on line in 2008 the coal consumed will be
between an enormous 55 and 73 million tons per years One
important fact this table indicates is that if such large
coal fired energy park were built the coal hauling industry
would have period of thirty-three years from now in
which to build up to these ultimate capacity requirements
If this were not the case one would have to conclude without
any reservation that hauling 60 million tons of coal

year to single location would be next to impossible
when you consider that the entire CO BO Railroad System
hauls about 60 million tons of coal year over the vast
area those railroads service

The last quantities indicated on Table 1/2.9-1 are
the numbers of unit trains per day required to haul this
coal to the power plants assuming that unit train is
comprised of 100 hopper cars each containing 100 tons of
coal for total of 10000 tons per train The unit train
calculations were made assuming 365 days per year If
trains only arrive on 250 working days per year the number
per day would increase 46% It should also be noted that
numbers like 1.4 unit trains per day are for comparison only
and that unit trains would only come as units i.e
or trains per day

1/2.9.2 Coal Costs Assumed

Because this comparison study between coal fired energy
parks and dual unit dispersed sites includes comparison of
the production costs for delivering the power it is necessary
to assume some value for the cost of coal Since the late 1973
energy crisis coal prices have been rising rather rapidly
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TABLE 1/29-1

COAL QUANTITIES REQUIRED

DISPERSED SITES
2885MW Units 21075MW Units 21320MW Units

Heat Rate 8984 8993 9019

Capacity Factor .65 .75 .85 .65 .75 .85 .65 .75 .85

Tonsyr 106 38 4.4 4.9 4.6 5.3 6.0 56 6.5 7.4

Unit Trains/da 1.0 12 1.4 1.3 15 1.6 1.5 1.8 2.0

-.l

24 UNIT ENERGY PARK
NUMBER OF UNITS OPERATING

12 16 20 24

Capacity Factor .65 .75 .85 .65 .75 .85 .65 .75 .85 .65 .75 .85 .65 .75 .85 .65 .75 .85

Tons/yr 106 7.8 8.8 9.8 15.2 17.6 196 24.4 28.2 31.6 32.6 38.8 43.6 43.8 51.8 58.4 55.0 64.8 73.2

Unit Trains/day 2.0 2.4 28 4.0 4.8 5.6 6.6 7.8 9.8 9.2 10.8 12.0 12.2 14.4 16.0 15.2 18.0 20.0

Coal is assumed to be 12000 BTU/lb HHV
Unit Train 100 hopper cars of 100 ton capacity



and the price assumed in this study is not necessarily the

current price of coal Since differences in power pro
duction costs between energy parks and dual unit dis
persed sites will not be function of the mine mouth price
of coal because it will be the same in both cases the ab
solute value assumed is not critical Delivered costs at

the power plant will be function of the hauling distance
and the means of transportation This might adversely
effect the coal price per ton delivered if the hauling
distance to the park is longer sensitivity run will be
reported in Task to investigate the effect of longer
hauling and hence higher fuel price on the energy park

The coal is assumed to cost $12.75 per ton at the

mine mouth which is the geographical average of the minimum
acceptable selling prices for coal from new underground
mines in the Business as Usual scenario for 1977 as

reported in Project Independence Blueprints Transpor
tation CrossCut Study This cost is in mid 1974 dollars
The computer program written to perform the costbenefit
sensitivity analysis of Task will use the $12.75 value
as the mine mouth cost will escalate the cost to the

year it is burned and will also escalate the transportation
cost from the mine to the power plant by whatever mode
is used

Table 1/29-2 shows that if the coal is hauled by
unit train distance of 350 miles ton would cost
$19.44 which is equivalent to 8l/lO6 BTU For the

latest Federal Power Commission report on coal costs see

Reference 46 This table also indicates the fuel escala
tion rate to be used for sensitivity runs using different
econometric models In this study no allowance is made
for increases in mine mouth coal prices greater than the

escalated price due to depletion of supplies of coal or
harder to mine locations of future coals The composite
escalation rates shown for fuel are thought to be reason
able in light of the fact that 54% of rail expenditures are

wages and benefits and the rest is materials and capital
charges and that hauling is roughly 40% of the delivered

price per ton It should be noted that escalation could
cause doubling in shipping costs before 1990.40 An

interesting fact noted is that the ICC approved 7% rate
increase which included coal hauling in March 1975 too
late to change any numbers in this study

Three modes of coal transportation will be considered
in the next sub-section and consideration of the hauling
costs by these modes will be included
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TABLE 1/2.9-2

FOSSIL FUEL COSTS USED FOR

COST BENEFIT SENSITIVITY ANALYSIS

COAL Eastern 12000 BTU/lb
Cost at Mine Mouth 1975 dollars $12 75/Tc

Representative Transportation Costs by Unit Train

DISTANCE $/TON
350 miles 6.69
700 miles 9.21

Total Cost For Coal

DISTANCE /106BTU
350 miles 19.44 81
700 miles 21.96 91.5

For Computer Runs with Inflation Coal Costs will
Inflated As Follows

ESCALATI ON

Labor Material Fuel
6%/yr 5%/yr 5.5%/yr

l0%.yr 8%/yr 9%/yr

Increasing coal costs due to depletion of supply are
not accounted for in this representative data
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1/2.9.3 prtation Modes

Basically three modes of transportation for coal to

energy parks are considered These are railroads in unit

trains waterways in barges and slurry pipelines These

will be considered one at time followed by more detailed

discussion of the problems of each mode The unit train

approach will receive the majority of the consideration

because it is probably the mode that will handle the majority
of the coal transported to an energy park if one is built in

the near future The costs associated with each mode will be

presented

1/2.9.3.1 TRANSPORTATION BY WATER The least ex
pensive way to ship coal is by barge if the destination is

right The conceptual layouts contained in Section 1/24
show the energy parks with access by barge canal from one

of the countrys navigable waterways which make up the in
land waterway system of over 25000 miles in length
Coal is presently the largest commodity moved by barge

accounting for 22% of the total tonnage

While inland waterway transportation is very efficient
the points of interface at ports between modes of trans

portation are somewhat behind the level of available tech

nology It is not unusual for handling costs at terminals

to equal or exceed direct transportation costs of typical

shipment If park is located so as to permit access by

barge the park must have an integrated high capacity barge

unloading system and barge moving system The cost

savings of barge handling will be subject to reduction if

intermodal transfer is necessary along the route large

single shipment by barge contains 20000 tons of coal so

that completed park would receive or of these barges

per day 365 days year New self-unloading Great Lakes

ships can carry 30000 tons of coal future designs will be

built to carry 62000 tons Current unloading equipment

can unload in the range of 4000 to 5000 tons per hour making

multiple barge unloading facilities mandatory at park

which has to receive 7500 tons per hour around the clock

More efficient transloaders to move the coal from

trains to barge and vise versa must be designed if inter

modal transfers enroute to park dont get ruled out on

the basis of economics

One projection shows that the 184 million tons of coal

that were moved at least part-way to their destination by

barge in 1969 will increase to 319 million tons by the year
2000
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Development of modern terminals and ships will boost
the flow of coal from one area of the country to another
giving utilities more option in selecting their sources
of fuel especially for dual unit dispersed sites When
it comes to large energy park the options will be narrowed
by the enormous quantities required and in locations where
access by barge or ship is possible optimum use of this low
cost mode of transportation will be made 41

1/2.9.32 TRANSPORTATION BY SLURRY PIPELINE Coal
slurry pipelines offer the capability of moving large amountsof coal reliably and less expensively than rail trans
portation but more expensively than by waterway where largeamounts refers to quantities required for dual unit
dispersed sites The quantities required for 26240MW
energy park may indeed be different story So far
slurries have been considered mostly for the south and
southwest

Some of the advantage of coal slurry pipelines are
that they are environmentally acceptable they are safe
silent and invisible

To date the longest slurry pipeline is the line from
Black Mesa Arizona to the Mohave Power Plant in Nevada
Newly proposed slurries include 1000 mile line from
Wyoming to Arkansas another from Colorado to Houstonetc 42

While the technology for coal slurry pipelines is
established the finely ground coal is only 50 percent of
the slurry the remainder being water the slurry medium
Because the particles are transported in turbulently
flowing medium they tend to remain suspended thus causinglittle friction wear to the pipe surface Slurry pipelines
operate with enviable availability records of 98% or better
due to their inherent simplicity They can be operated with

relatively small work force.4i

These are attractive attributes for the utility industryand all of the coal pipelines proposed or built are to
serve utilities Because utilities are turning to con
struction of this mode of transportation the railroads
express some opposition to their construction

One of the slurry pipelines being planned woildbe
1030 mile line from Wyoming to Arkansas It would be
38 diameter line that could handle throughput capacityof 25 million tons per year So it is obvious that it would
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take more than two of these extremely large pipelines to

supply enough coal for one 26240MW energy park.42

The slurry pipelines are interstate lines and hence
face multijurisdictional prbblems at the state and federal
levels Acquiring right of way is one of the major problems
as few states have granted operators of coal slurry pipe
lines the right of eminent domain The risk of constructing
such line without this authority is very great
Legislation which is deemed essential to development of
these lines is pending This study will not involve iself
with the pros and cons of such legislation

One question that both environmentalists and the

pipeline operators have to raise is the question of water
availability The quantities of water used may restrict
the use of slurry pipelines to areas of water abundance
Figure 1/2.93 indicates water requirements for slurry
pipelines.43 In the absence of required legislation
pipeline construction is not progressing presently

Slurry systems require only carbon steel pipe with
welded joints buried underground large volume positive
displacement pumps and large capacity agitated slurry
storage tanks Pumping stations are placed depending on
terrain and line size at 60 to 80 mile intervals At the

receiving end of the coal slurry pipeline is dewatering
system Some savings occurs in that the crushed coal needs
little further pulverizing before being fired The energy
requirements for operating these energy efficient coal
slurry pipelines is somewhat less than that required for
either rail or barge hauling

Figure 1/2.94 shows comparison of transportation csts
for rail barge and slurry pipeline showing that large
diameter systems approach those for barge transportation.43
Pipelines may also be the most direct shortest distance
route also reducing their costs in comparison study
major economic advantage is held by the pipeline in that
while they require intensive investment to build at the

beginning the costs then become fixed and insensitive to

escalation This tends to keep the hauling charges down in

comparison to other modes that required continuing invest
ments subject to escalation

If rail tariff is in the range of to 10 mills per
ton mile the slurry pipeline becomes competitive with
rail at roughly 10 million tons per year capacity and 500
miles distance and if waterway tariff is to mills per
ton mile the pipeline needs to carry 20 million tons year
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for 1000 miles to complete.4 One should note that the
tariff will depend on location of mine and plant terrain and
circuitry of the route cost of water state laws etc
The financial flexibility of pipeline to operate at below
capacity may be more restrictive than for other modes of

transportation Also economy of scale shows larger
throughputs to be much less costly indicating pipelines
to be more economical for western larger capacity strip
mines than for eastern underground mines Figure 1/2.95
also gives slurry costs for various throughputs and
distances.43

One way to surmount the strong competitive opposition
of railroads to the slurry pipeline would be to have them
involved in building these pipelines They possess vast
quantities of right of way and own large coal deposits
It might be of greater interest to the railroads to
consider slurry where the liquid medium was liquified
coal instead of water The coal especially western lower
BTU coal could be dewatered and ground at the mine part
of it could be liquified most of the pyritic sulfur and
ash would be removed and the resulting delivered product
would be high BTU beneficiated coal and liquid that
could be separated by fractionization or refining into
various useful components for industrial uses burned in

peakers etc No water and hence no waste is the result
of such system The energy and hydrogen gas required for
the liquification process would need to be consideredin
any economic evaluation of such slurry process These
would add to the cost of the cleaned coal

With the advent of slurry pipelines major reason for
locating generating plant at minemouth which is to
avoid the high cost of transportation of solid coal and
the substitution of lower cost transmission of electricity
by wire may be alleviated Plant siting could then be done
for environmental reasons and some of the unwanted problems
at the minemouth could be removed.42

1/29.3.3 TRPNSPORTATION BY PAIL Rail transpor
tation handles by far the largest portion of coal movement
Rail and railwater transportation systems have the advantage
of providing flexibility and expandability with respect to

routing and capacity of coal movements between individual
mines and generating facilities In this subsection
shipping costs per tonmile and examples of resource

requirements for new routes and equipment that might be

necessary for 26240MW energy park burning 65 million tons
of coal per year are discussed
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Discussion of the loading unloading signaling and

dispatching problems is also included

For discussions on railhauling it is assumed that all

coal movements will be in 100 car unit trains each car will

hold 100 to 105 tons of coal

From Project Independences CrossCut Study on trans
portation rates for unit train shipments were computed in

$/Ton 1974 dollars from various supply centers to various

supply centers Table 1/2.9-6 from that study is included in

this report Also included is the list of coal supply

regions and demand regions as Table 1/297

Figure 1/2.9-8 is composite figure which shows

comparison of the cost of coal transportation by each of the

three modes considered in this study as function of miles

and quantities moved Note for rail hauling the quantity
was considered to be 10000 ton or greater unit train
Values from the unit train curve were increased 10% and

used as input data for the costbenefit sensitivity

analysis in Task This increase was made to bring the

costs more in line with 1975 costs

More than sixty million tons of coal per year for

single energy park when it is in full power production

requires approximately 18 unit 10000 ton trains of coal

to be delivered each day of the years or more than 18 trains

on working days Considering that the average midwest or

eastern underground mine works only 225 days per year due

to weather conditions and other work stoppage problems the

mines would have to load the equivalent of 29 unit trains

per day large underground mine such as the Harris Deep
Mine can only load 5800 tons/day or 1.3 million tons per

year Ohio has some strip mines that can produce between

and million tons per year at rate of 8800 tons/day

Only in western strip mines with larger daily capacities

can enough coal be produced to fill even one unit train

day.44

Also problem of finding enough flat land in the

vicinity of underground mines to load unit train exists

since most mines of this type are in mountaineous terrain

Hilly terrain also makes up to 10 units of locomotive power

per train necessary this is expensive
Clearly then to ship 29 unit trains per working day to

an energy park would require the output of over 50 mines

except in the west The BTU value of the western coal
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TABLE 1/2 9-6

AVERAGE COST TO SHIPPER IN s/TON FOR COAL MOVEMENTEl 600 NET TON TRAINLOADS 1974 I3ECTED ES1

Supply Centers

_2

10.50 9.12 5.57 8.08 7.13 7.07 11.79 12.85 22.4

12.58 10.86 8.34 8.99 4.71 8.85 13.76 22.6

1248 11.34 59 5.54 8.05 7.05 10.37 10.32 19.8

1745 15.76 10.72 7.34 9.65 8.40 5.44 9.72 17.3

20.69 19.86 13.05 11.34 17.87 16.87 16.63 8.38 14.2

21.14 10.09 13.50 10.11 15.12 13.87 10.39 7.04 12.5

28.08 27.25 20 44 18.24 23.85 2260 19.30 13.77

1969 regression computed rates were projected to 1974 using the cumulative
exparte rate increases of about 60% granted by the ICC to railroads from
1969 to 1974 supplied by the FRA



TABLE 1/2.9-7

COAL SUPPLY AND DEMAND REGIONS

Region RepresentedBy

Northern Appalachian Wheeling Va
Southern Appalachian Nashville Tenn
Interior St Louis Mo
Gulf Dallas Tex
Northern Great Plains Billings Mon

Rocky Mountain Alberquerque N.M
Pacific San Francisco Calif

Demand Region Represented by

New England Boston Mass
Middle Atlantic New York NY

East North Central Chicago Ill
West North Central Kansas City Mo
South Atlantic Atlanta Ga
East South Central Birmingham Ala
West South Central Houston Tex
Mountain Denver Col
Pacific San Francisco Calif

-J
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averages 8500 BTU/lb so that instead of 65 million tons
of 12000 BTU/lb coal per year requirement the quantity
would be 92 million tons or 41 unit trains per working
day If the western strip mine produced 12 million tons/year
the output from almost mines per year would be required
for one 26240MW energy park One advantage that does
occur due to the need to receive coal from so many different
mines would be the lessening of common mode failures such

as local miners walkouts etc.4445

The next consideration is that of turn around time for

the unit train Table 1/2.99 gives some current turn
around times for unit trains.40 These times are com
prised of loading unloading switching and traffic congestion
time One surprising fact is that the average speeds
of unit trains on existing regional coal roads are only

Coal Roads Averages MPH

Eastern 18

Southern 21

Northwestern 22

Central Western 26

Southwestern 22

To make some estimate of the equipment and investment
needed for one energy park four day turn around on an

average haulling distance of 432 miles each way is assumed
This assumes two days of travel at 18 mph and two days for

loading unloading and contingency

cars 18 trains

days 100 train day 7200 hopper cars

Lost time for running repairs and major repairs as

cars age requires the railroad to have 7500 hopper cars
in dedicated service

days 18 trains/day locomotives/train 288 locomotives

18 trains/day days caboose/train 72 cabooses

The investment in this equipment would be approximately

7500 cars $28000 $210 106

72 cabooses $35000 2.5 106

288 locomotives $350000 100.8 106

10% for breakdowns 10.0 106

TOTAL ROLLING STOCK $323.3 lOb
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TABLE 1/2.9-9

PJYPp- TRIP tJNIT MPL

Suptlv Centers

6.34 5.50 3.30 4.46 3.94 3.91 6.29 6.50 10.59

7.27 6.21 479 4.55 2.66 4.29 6.72 11.73

7.56 6.87 3.31 2.89 4.45 3.79 5.31 4.93 9.02

10.12 9.28 5.43 3.88 5.20 4.54 3.00 5.04 9.19

11.55 11.04 6.84 5.64 9.41 8.75 8.34 4.3 7.16

11.92 11.23 6.45 500 7.96 7.30 5.50 3.69 6.46

1451 1345 925 8.31 12.39 11.73 9.88 6.40



Because the tendency has been to remove rail and go
to single track systems wherever possible two conclusions
can be drawn One is that track inventory is mandatory
in light of the probably expansion of coal hauling by rail
for energy production No old track that could possibly
be required for such service in the national interest
should be removed without careful study arid weighing of all

the factors The other is that for an energy park
dedicated track system would be required since most existing
rail systems could not handle anywhere near 36 trains past

single point on given day 18 going and 18 coming The
signaling and switching problems would be very great

Considering new track to cost

Rail $125000/mile flat land
Signals Switches Grading etc 200000/mile
TOTPL 755ö7iile

These costs do not include tunnels bridges or land
It is assumed that for the most part the new track could
be on existing railroad rights of way If 432 miles of

rail were necessary and the land was already owned the

total cost would be

432 mi $325000/mi $140.4 10

Another $70 106 might be required for double track

system bringing the total investment for rolling stock and
rail to $533.7 106 over half billion dollars
Fortunately this investment is small compared to the in
vestment in generating equipment reported in Task and

can be phased in as the generating units are coming on line
The question as to who owns the rolling stock the railroad

or the utility is left unanswered Various agreements can

surely be reached Under present FTC laws that prevent
railroads from entering into long term hauling agree
ments the railroads are capital poor and cant enter into

such mammoth energy projects easily They nrust remain

just transportation service with the customer paying
short term costs unless legislation changes to allow
railroads to be optimized comfortably into long term

Project Level program with same promise of return to
their investors

The above estimate of capital investment required-.for

one dedicated coal hauling system for one energy park has

associated with it requirement for operation and mainten
ance expenses It is interesting to look at the magnitude
of these expenses
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Manpower Train Crews
12 crews/day 18 trains 216 crews
365 days 216 crews $220/crew $17.3 106/year

Locomotives Operating Cost Fuel
18 traiiTay7 rX24hrsdayx4 locomotives/train

$35.33/locomotive-hr $22.3 106/year

Track Maintenance $8.0 106/year
Car Maintenance 4.5 106/year
Total Oper Main./yr $52.1x 106 /year

This expense plus the fixed charges on the initial invest
ment plus some return go into the rate base for calculating
the tariffs charged

Perhaps the day turn around assumption can be reduced
by installing long stretches of high quality road bed and
heavy rail to permit the heavy trains to reach speeds of
40 to 50 mph by installing new sidings signals modifying
and improving yards and by installing the fastest most
sophisticated loading and unloading equipment

One of the last considerations for rail hauling of coal
to 26240MW energy park is that of loading and unloading
Assuming that rail routing for all coal has been
established there is still the problem of collecting the
coal loading the cars and making up the unit trains As
was noted previously the unit trains will be made up from
the output from more than one mine Conveyor systems
capable of handling up to 18 grades are available The
output from several mines in one coal field region could
be conveyed to centralized loading substation which would
contain 15000 ton silos conveyors feeders etc This
equipment can load cars continuously by flood loading them
as they pass under the loader One unit train can be loaded
in one to one and one half hours There would of necessity
be several of these substations for loading These sub
stations might cost to million dollars In the park
itself dumpers and positioners would be required to
unload the trains rapidly since on given day 18 to 30
trains might arrive Rollover dumpers that can dump two
cars at once seem to be the most practical since bottom
dumping cars tend to get clogged due to freezing and or
caking new design where the sides of the car open out
to allow the coal to slide off the sloped bottom might be
faster than roll over dumping One tandem dumping system
can unload 100 car train in hours and might cost $2
million including conveyors crushers stackers etc At
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least of these unloading systems would be required in

the energy park Unloading is less of problem than

collecting the coal and making up the trains

This concludes the consideration of transportation of

the required coal to an energy park by rail

1/2.9.4 Cost Considerations Low BTU Coals

The cost estimates for this study are based on coal

fired units that burn high sulfur 34% 12000 BTU/lb

coal If either dual unit dispersed site or an energy park

were built to burn either lignite 6700 BTU/lb or western

coals with heat contents around 8500 BTU/lb there would

be cost differential due to the larger volumes of coal

the boiler plant and coal handling systems must accommodate

These western coals are much lower in sulfur content approx
imately 1% and therefore the flue gas desulfurization

scrubber will be less costly if it is required at all

It is estimated based on costs shown in Reference 31 but

updated to 1975 dollars by the same escalation factors

discussed in Section 1/2.5 that the boiler plant coal

handling equipment etc will increase in cost by

approximately $45/Kw for 1000MW unit while the SO2

removal system will decrease in cost by approximately

$l2/Kw The western coal however will require more

particulate control and the precipitators are estimated to

be in the neighborhood of $lS/Kw more costly making the net

change for burning low BTU coal cost about $48/Kw more

For different unit megawatt ratings economies of scale will

cause this number to vary up to 12% either way

The other consideration to account for when burning

lower BTtJ coals is that they are less costly at the mine The

minemouth cost for coal from new surface mines in the

West may be about $6/ton as compared to the $12.75/ton

assumed for midwestern and eastern high BTtJ coal from new

underground mines This difference is offset by the need for

larger quantities of coal and longer hauling distances so

that the cost of fuel to the electric utility wont vary

widely In the next section conclusions are reached and

research topics in the transportation area are enumerated

1/2.9.5 Conclusions and Research Topics

1f fossil fired 26240MW energy parks are not deemed

impractical for other reasons such an environmental con

siderations they may be so.deemed because of fuel traæs

portation problems Such vast quantities of coal being

transported to one location from so many scattered mine

locations creates logistics problem of the highest magnitude
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If such park were built Figure 1/2.9-10 indicates
that each of the three transportation modes might be required
in some combination just to transport the large quantitiesof coal and to minimize congestion at the park itself
The satellite substations could collect the coal prepareit load it liquify or gassify some of it for use in
peaking gas turbines and contain transmission substances
In all probability the first coal fired energy parks will
be more on the order of 10000Mw capacity and the fuel
transportation problems will be much less difficult

This Section 1/2.9 has identified several areas of
research that deserve study in order to improve the existingcoal transportation methods These include

Coal benefication
Coal liquefaction
Coal gasification
Coal loading transloading unloading equipment designs
Railroad legislation
Slurry pipeline legislation
Financial practices of the transport industry
Present equipment surveys

In conclusion it should be recognized that the discussion
and example numbers have been those required for single
energy park whether coal fired energy parks are built ornot if the United States is to reach 800 million tons
per year consumed in the electric utility industry by 1985
large investments in transportation equipment for all modes
must be made and capital must be found from any and all
investors to begin building this equipment soon

1/2.10 RELIABILITY AVAILABILITy AND PLANT CAPACITY FACTOR
ASSUMPTIONS

Reliability was an essential guiding factor considered
during the selection of unit sizes for the energy parks and
dispersed sites considered in this study Once the reliable
proven units were chosen for the park plan of operationwas chosen for the units This plan was to consider the
units as being base loaded These units would have averagevalues for forced outage rate which is the ratio of un
scheduled and unplanned maintenance down time to total service and forced outage hours Also the units would have

planned outage rate the ratio of planned maintenance down
time to total service and planned outage hours consistent
with the industry average These average values for forced
and planned outage rates would permit the units to operate
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with capacity factor consistent with operating experi
ence on large units

The costs associated with equipment unavailability level
and the sophisticated probabilistic methods for predicting
the loss of load probability LOLP used by utilities in
performing risk analyses that might be associated with
park are not considered in this report

In order to perform the sensitivity analyses contained
in Task several capacity factors are to be considered
The three values chosen for capacity factor are 0.65 0.75
and 0.85 These values are thought to cover range from
the current industry experience to the future goals of
equipment manufacturers The fossil units being considered
in this study vary in size from 885MW to 1320MW The
reliability of these units is assumed to be acceptable i.e
demonstrated before being committed to the energy park
No accounting for the variation of reliability with unit
size was made however for proven units this is note
believed to be significant variable in the overall cost
comparison between fossil energy parks and dispersed sites

No distinction in these data were made between unit
performance in an energy park or in dispersed site There
is perhaps some basis for believing that reserve margin
requirements may be reduced in park due to better operation
and maintenance procedures and operator training better
repair equipment and facilities more complete spare parts
inventory better feedback of outage problem information to
enable other units in the park to be inspected rapidly
etc All of these potential assets of the park would hope
fully lead to lower forced outage rate thereby reducing the
system reserve margin needed No specific amount of
reduction is enumerated in this chapter The reduction may
be in the range of to 3% of the total MW rating of the
park Some studies have indicated that 1% change in
the average forced outage rate will result in 1.4%
change in the irstalled capacity requirement to maintain
the same level of reliability

More extensive discussion of reliability considerations
is contained in Task on Power Transmission For Energy
Parks vs Dispersed Sites

For the comparison between parks and dispersed sites the
assumption is that the same rated capacity will be installed
to come on line at the same time in the park as in the
dispersed site with no capital cost considerations included
for required reserve margins The only additional capacity
from peaking units gas turbines considered in the study is
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the capacity needed to compensate for the predicted larger
transmission losses in an energy park as compared to
series of dispersed sites This needed capacity could also
be made up in other ways discussed in Task

1/2.11 FURTHER RESEARCH NEEDS FOR ENERGY PARKS

This section outlines some of the future technology
requirements that were brought to light during the

course of Task 1/2 of this study

oo Environmental
Additional field testing and mathematical modeling
is required to evaluate the impact of interaction
of cooling tower plumes and exhaust plumes Prob
lems to be addressed include added plume buoyancy
creating of acid mists and sulfates

Wind tunnel testing for alternative park configurations
is required to supplement mathematical modeling
and to evaluate the impact of terrain

Additional field testing and mathematical modeling
is required to evaluate the phenomenon of high
buoyancy plumes punching through inversion layers

Regenerative SO2 scrubbing systems must be developed
that are reliable and economical in order to reduce
the land requirement for sludge disposal

oo Fossil Fuel Coal
Coal beneficiation liquefaction and gasification
processes should be developed

Future coal transportation systems should be design
ed to make loading transloading and unloading
faster and more efficient

oo Nodular Construction
Power plant designs should be made with the modular
criteria established beforehand

The onsite manufacturing facility should be care
fully studied and designed

Detailed construction sequence planning studies

using the most modern computerized planning tech
niques should be made
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Once specific site is chosen for an energy parkthe site must be planned carefully to be assured
of optimum use of the modular construction methods
and the on-site manufacturing facility

oo Operation and maintenance of an energy park
Studies should be made to establish system for
scheduling maintenance so as to minimize planned
outage times and make optimum use of the park labor
force
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1/2.13 TASK 1/2 APPENDIX

Following is list of questions to which the GENSF

Energy Park Study Team would greatly appreciate answers in

the form of guidance and opinions from those involved in the

Pennsylvania Energy Park Study We feel that any assistance

that can be obtained will prevent duplication of effort and

will permit the NSF Study to go farther in achieving its

goals which should be then good for the utility industry

and country in general

Responses to the questions by the Pennsylvania park

planning team have been inserted after each question

What reliability benefits might result from the utiliza

tion of Energy Park concepts duplicate units trained and

available crews information feedback from other units simu

latortrainers accessible spare parts special service

center etc

Although difficult to quantify at this time the factors

indicated here duplicate units trained crews feed

back etc should decrease both the forced outage and

the planned outage times of the individual units This

would permit either one of two options

Reduction of installed reserve to meet given level

of reliability or

better level of reliability for the same amount

of installed capacity Since an improvement in

reliabilityof the generating system would hardly

be noticed by the average customer feel we would

opt for the first alternative so as to reduce

capital expenditures

What availability benefits might result

This is related to question How much improvement

in availability cannot be stated at this time but our

gut feeling is that it will be significant

How much savings in needed reserve margin is anticipated

Some PJM studies have shown that for an installed

capacity requirement in the range of 120% of peak load

1% change in the average forced outage rate will

result in 1.4% change in the installed capacity

requirement For example if the capacity requirement

to meet given reliability level is 1.20 times the peak

load and if the average forced outage rate of the unit
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making up the system is 10% then reduction in
average forced outage rate to 9% will reduce the installed capacity requirement to 1.186 times peak loadto maintain the same level of reliaility

What savings in maintenance Costs is possible inpark Concept

Besides the direct savings in maintenance costsoperating savings are possible through not onlythe coordinated maintenance of these units withother units in the power pool to which it is connectedDirect savings in maintenance costs would accruebecause of trained manpower ready availabilityof spare parts and more efficient workingenvironment as we move up on the learning curveof the individual types of units

What reduction in capital cost is possible usingrepeated units of standard design minimizing contingency expense onsite manufacturing facility modularizationtrained installation labor force etc
The degree of capital cost saving is dependentupon optimizing the planning timing standardizationcommitment and other factors indicated in the
question Certainly an opportunity exists in this
concept for an entirely new approach to constructionmethods significt savings should be possibleif factory fabrication can be substituted for fieldfabrication would also hope that the relative
stability of the labor force would result in more
Productivity per man hour expended

Would onsite manufacturing cause undue labor conflicts from the craft unions on the construction crew

suspect that one of the underlying causes ofconflicts in the construction unions is job in
security If job security is assured as it wouldbe for an energy park having continuous construction force for 15 or more years there wouldbe less inclination to start trouble among thevarious unions represented on the job As matterof fact if carefully planned in advance interunion conflicts might be avoided entirely bypromoting organization through single industrytype union rather than through multiple of craftunions
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How rapidly could units be added to park and could

the present long lead items be provided in time to

significantly reduce construction cycle times

This relates somewhat to question At some

increase in capital costs the timing of the units

can either be speeded up or slowed down with respect

to the optimum timing for minimum costs The timing

at any given energy park should be optimized to gain

the savings advantage If additional capacity is

required to meet anticipated load growth it would

be better to start another park at another site

and build concurrently on it If plans are firm
commitment can be sufficiently in advance to assure

material availability

Are there significant Economic Disadvantages ifl using

smaller units when larger units are technically possible

in the latter portion of the Energy Park Installation

Economy of Scale

Insufficient studies have been done in this area

Again an optimization exists between the number of

standardized units and the improvement in costs

because of better technology and economics of

scale The energy park concept is pushing few

frontiers in terms of heat dissipation trans
mission and common mode failures and we would not

want to push frontiers too hard in terms of tech

nical feasibility of larger units We should wait

for some reliability feedback of actual installations

of larger units before making the jump from known

technology to unknown

What value can be placed on savings permitted by

improved output and fuel use through more efficient use of

spare parts better trained operators and maintenance

crews special tools and techniques better evaluation of

feedback from duplicate units better operating policies etc

This is another question that cant be quantified as

yet However savings must be available in these

areas since many of the more sophisticated power pools

are heading in the direction of feedback from dup
licate units better operating policies coordination

of spare parts etc

10 In the case of Fossil Parks what new modes of coal

transportation should be considered in light of the
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approximately 200000 tons of Eastern high BTU coal
that would be consumed per day

10000 megawatt fossil fueled park should be
located at the mine mouth in order to optimize the
fuel logistics series of conveyor belts from
the shaft openings could be devised to supply the
necessary coal Alternatively slurry pipelines
may hold some promise It may well be that com
bination of all three that is unit trains slurry
and conveyor belts from mine shafts would be
necessary to supply the amount of coal required at

10000 megawatt park

11 In the case of Nuclear Parks what can be said for
integrating the fuel recovery and fabrication on the Park
site Would it be economical unless the park was very
large

At this point we dont really see an energy park
of the size that we are considering being able to
justify fuel recovery and fabrication at the park
site Our information indicates that fuel repro
cessing plant of metric ton per day would be able
to handle 8000 megawatts of boiling water reactors
and three metric tons per day would handle 24000
megawatts On the other hand an enrichment facility
could not be justified for less than 30-35000 megawatts
In addition the reprocessing facility if installed
at the park site would limit future expansion of the
park to the type of reactor for which the fuel
reprocessing facility was designed centrally
located fuel recovery and reprocessing facility could
be constructed to service more than one energy
park and still obtain the benefits of minimizing
the fuel transport problems

12 Is any use of low level heat by co-located industry
expected If so how much planning should be done at
the early planning stage of the park

No definitive plans have been made to invite industry
to use the low level heat One of the problems with
this concept in the past has been the unreliable
availability of such heat Whenever the plant is
down the heat would not be available With the

energy park concept ideally 10-15 units being cooled
by dedicated pond the outage of one or two units
would not have significant effect on the temper
ature of the cooling pond Therefore the availability
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of low level heat is assured The layout of the

energy park should provide for future location of

satellite industries It should also be borne ih

mind that satellite industries might also be attracted

by other byproducts from the combustion process

such as bottom ash fly ash sulphur products and the

various trace elements

13 How are mixed parks part fossil and part nuclear

going to be advantageous economically

Some of the advantages we see for the combined park

would IDe the use of nuclear exclusion areas for

storage of coal and construction of ash basins

reduced risk of shutting down the entire park be

cause of retrofitting due to regulatory arbitrariness

and the combined Brayton and Rankine cycle to i1n

prove thermal efficiency

14 Is large on-site factory for fabrication of some of

the needed equipment such as piping as well as assembly

of smaller subassemblies into large assemblies before

moving them to the unit site envisioned What dollar

savings by such technique is possible

This question is difficult to answer at this time

since we have not yet gotten into the actual con

struction techniques which might be used at power

park The GE Co reports of October 1973 on novel

construction methods for nuclear power centers are

probably as good source of information along

this line as any available at this time

15 What means for heat discharge seems most economical

for the Pennsylvania Park

We have to draw distinction between what is most

economical and what is possible Obviously the most

economical means of cooling is once through utilizing

run of river However this is not possible in

Pennsylvania We should head in the direction of

constructing cooling pond dedicated to utilization

by the energy park This would mean that the water

temperature would be unsuitable for fishing swimming

or other recreational purposes Supplementary cooling

towers might also be required depending on the eco

nomics the eventual location of the park and the

site suitability for construction of cooling pond

Certainly makeup water would have to he provided

On the other hand construction of couple of ponds on
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large site would provide the potential for future
installation of pumped storage to carry some of the
peaking requirements Thus our thoughts at this moment
are to head in the direction of dedicated cooling
pond and if this proves to be impossible from an
environmental standpoint we would then have to back
off the cooling towers with sufficient storage for
makeup water during low flow periods

16 How can one evaluate in advance the potential for
risks i.e common mode failures and natural disasters
How would insurance companies look at parks

The recently completed Rasmussen Report on Nuclear
Safety provides one method of evaluating in advance
the potential for common mode failures and natural
disasters Certainly some statistical analysis re
garding the frequency of earthquakes hurricanes
tornadoes and other natural disasters could be
performed for the site which is eventually selected
Statistical analysis would also be available to
examine the incidences of failures of the various
important components in the energy park The decision
tree techniques utilized by Rasmussen could then be
applied to evaluate the potential of such failures
causing complete or partial shutdown of the energy
park How insurance companies would view this con
cept remains to be seen

17 What consideration to alternate modes for transmission
of the generated power has to be given Would most of
the cost benefits for an Energy Park be eroded away by
the increased cost of transmission of the power

We are examining three alternate modes of transmissions
namely DC 1200kv UHV and an extension of the
existing 500kv system which is prevalent throughout
most of Pennsylvania Until definite site or sites
has been selected for detailed study it is difficult
to say whether the cost benefits of the energy park
would be consumed by the increased costs of trans
mission of the energy by means of electricity would
have to be balanced against transmission of the energy
via whatever method is used to transport the coal
On the other hand with nuclear energy centers which
can be located without much regard to the fuel source
the effect of transmission can be significant We
recognize that some undergrounding will probably have
to take place in the immediate vicinity of the energy
park to reduce the visual impact of all of the lines
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terminating at one spot It is also very possible
that undergrounding will have to take place at the
other end of the lines as they approach the
population centers Another concept that should be
evaluated for the energy park is minisubs rather
than the conventional large switchyard structures
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TASK
TRANSMI ION

3.1 INTRODUCTION -- TASK TRANSMISSION

This report on electric power transmission from dis
persed or park sites is divided into three main sections
The first section 3.3 deals with fundamental principles
guiding the planning and operation of transmission system
Transmission technologies and their costs are presented
along with discussion of their application to generation
sites to provide reliable power delivery Load flow and
stability studies on generalized systems were used to con
firm conclusions in this section

The second major section 3.4 presents 20year
expansion study of power pool Alternate generation
siting patterns are used to determine how the transmission
network growth is affected by dispersed siting policy
versus an energy parks policy broader system repre
sentation was used but with less electrical details in
cluded The completed designs were confirmed with ac load
flow calculations

The third major section 3.5 develops the general cost
and land requirement values used in the economic comparison
of parks and dispersed sites single year model of the
entire USA approximately 30 years in the future was used to

gather data on how distance and the general relationship of

park to scatter of load centers affects transmission
costs Necessarily this model is more conceptual in nature
than the previous two focusing only on the additional
transmission required to satisfy the load growth for 20

years ignoring the existing generation and transmission
This model was not intended to illustrate suggested ex
pansion plan but rather to provide information about
variety of park siting situations relative to loads
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3.2 CONCLUSIONS

Studies using three generation and demand models
spanning the very detailed stability analysis to the verygeneral conceptual analysis of U.S.A network in 30 yearshave produced these conclusions

Electrical power systems can be designed to deliver power from parks without encountering anygreater technical problems than those envisioned
if dispersed sites are used

Stability studies have confirmed that two orthree 765 kV circuits properly designed candeliver power away from 5000 MW to 9000 MW
plants located in energy parks

Twenty-year expansion studies of sample
power pool have illustrated that the park
concept can be integrated into an drderly
system expansion

Studies of 59 energy parks serving the majorload centers in the US in 30 years have
identified the relationships of costs landuse and losses to the distances between parksand load centers

The significant costs associated with energydelivery from parks are investment costs land useand power losses

Remote siting of generation whether in parkor at dispersed sites increases the trans
mission costs at rate of $10 to $50 perkilowatt for each 100 miles depending on thelocation of the park and of the load centerswithin the U.S The average cost in this
study was $14 per kilowatt per 100 miles
High cost transmission areas may be to
times these costs

Land requirements increase by approximately1.2 acres per 100 kilowatts for each addi
tional 100 miles

Annual energy losses increase approximately1% per 100 miles between generation and load
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Electric power system reliability can be main

tained at its present level by applying current

system design practices as energy parks are in
troduced

All of the generating units at park should

not be bussed together 26000 MW park
will probably consist of from three to five

electrically separate generation groups or

plants ultimately connected together by the

transmission system interconnecting the load

centers Therefore no single electrical

event can directly affect an entire park

The transmission circuits leaving park

ideally will originate at three to five

switch yards located along to mile

frontage and disperse over separate routes

thus reducing both the visual impact and the

chance for simultaneous outages For example

using ten 765 kV circuits each requiring

200-foot right-of-way means that only 2000

feet of several mile frontage will be

devoted to transmission

Transmission circuit outages will not be able

to disrupt the operation of an entire park

because each generation group will be elec

trically isOlated from the others Contin

gencies interrupting an entire group of 5000

MW to 9000 MW will have no greater impact on

the electrical system of the future than

entire plant outages have today because the

interrupted generation will remain at approxi
mately the same percentage of the total

capacity that it is today

As parks grow their size should be limited

to 10% of the total generating capacity in an

interconnected region For example the

Northeast Region should be served by at least

ten energy parks or their equivalent in

dispersed generation This also means that

all of the new generating capacity required

by region in one year should not be in
stalled in just one park

The trend towards longer transmission distances

whether from parks or dispersed sites increases

the incentives for developing technologies to
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improve long-distance power delivery capabilities
such as onecycle breaker to allow increased
loadings on long lines at reduced series com
pensation without jeopardizing system stability

Greater concentrations of power whether at urban
substations or at energy parks increase the in
centives for developing currentlimiting breakers
At an energy park these breakers would allow
bussing of all generation thus increasing system
stability and eliminating the need for one or more
765 kV circuits

Direct current transmissjons role in either
dispersed or park siting will depend on distance
and environment In general the costs are lower
than ac for distances greater than 500 miles usingoverhead construction and 25 miles for underground
construction

Cryogenic cables will have role in either dispersed
or park siting primarily from the edge of urban
areas into the central city
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3.3 ELECTRIC POWER DELIVERY CONSIDERATIONS

3.3.1 Functions of Transmission

Transmission facilities tie the power system together
so that generating capacity at various locations may eco
nomically supply the system load Transmission interconnec
tions permit the use of large generators with the resulting
economies of scale and in the event of scheduled or

emergency outage of generating units make available alter
nate sources of generation reducing the installed generat
ing capacity required on the system

3.3.2 Fundamentals of Power Transmission

The transmission line voltages for bulk power trans
mission in the USA are nominally 345 500 and 765 kV For

the normal threephase system these are the voltages that

exist between the phase conductors lineto-line voltages
from the phases to ground line-toneutral are normally the

above set divided by yielding 199 289 and 442 kV re
spectively The phasetophase voltages and the currents in

each phase together represent the power transmitted down the

line Using low voltage and high currents results in high

power losses The same power transfer using higher voltage
and lower currents rslt3i larger tower sizes to provide

space for insulation

Power delivery involves two components referred to as

real power and reactive power Real power supplies heat
light and mechanical movement Reactive power supplies and
is transferred between the magnetic and electrostatic fields
of the inductive and capacitive elements of the system The

energy stored in these reactive elements which cause higher

voltages during switching conditions increase the insula
tion space required Reactive power transfers increase the

current flow beyond that required for real power delivery

increasing the power losses To reduce these reactive power
transfers and to control voltage capacitors are installed

near inductive loads such as motors while inductors are
installed near capacitive loads such as underground cables

For additional reading on the fundamentals of electric

power transmission see references 3-3 34 and 3-5 Miller
Reference 33 is wellwritten introduction to power gen
eration and delivery
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3.32.1 FREQUENCY The majority of transmission in
the USA uses alternating current at frequency of 60 hertz
cycles per second Its selection years ago represented
compromise higher operating frequency would have re
suited in smaller transformers and motors but more diffi
culties in transmission particularly in keeping all motors
and generators synchronized during transients referred to
as system stability Lowering the frequency has the reverse
effect and in fact for DC the stability problem has dis
appeared but so has the ability to transform voltage It
is very difficult to transform frequency requiring either
rotating equipment or solid-state devices as discussed in
Section 3.3.4.3 Direct Current

3.3.2.2 SURGE-IMPEDANCE LOADING The concept of

surge-impedance loading is convenient way of comparing the
load-carrying capability of lines of different voltage
levels Surgeimpedance load SIL is the power the line
carries when the energy in the magnetic field due to current
is equal to the energy in the static field due to voltage

While surgeimpedance loading gives useful benchmark
for comparing the relative load carrying capabilities of
different voltage circuits it is usual to load short lines
appreciably above the SIL and because of stability limita
tions to reduce the loadings of longer lines unless series-
capacitor compensated The curve of Figure 38taken from
page IV-2l2 of the 1970 National Power Survey is repre
sentative of loading of uncompensated lines as function of
line length Figure 3-1 also includes table of SIL for
several voltage levels and conductor arrangements typical of
ehv design

3.3.3 Transmission Planning Considerations

Planning transmission circuits at generating sites
whether dispersed or in parks requires answers to three
basic questions

How much power is to be transmitted

How far shall it be taken before dispersal

What level of reliability is desired

The following paragraphs indicate how short circuit
currents limit the amount of generating capacity that can be
put on one electrical bus thus setting limit on how much

36



NUMBER AND SIZE OF SURGE CHARGING

LINE ACSR CONDUCTORS IMPEDANCE MVA PER

VOLTAGE PER PHASE LOADING 100 MILES

kV mcm MVA

230 954 132 27

230 I-I43J
138 28

345 1-14141.75 EXP 320 65

3.0
345 2- 954 390 81

500 2-1780 830 170

500 3- 954 910 190

750 4- 954 2150 445

25

750 4-1272 2165 450

2.O

-J

-J

1.0

0.5

100 200 300 400 500 600

LINE LENGTH IN MILES WITH NO SERIES COMPENSATION

Figure 3-1 TransmissiOn Line Capability in Terms of Surge-

Impedance Loading
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power is to be transmitted Stability considerations which
become increasingly important with distance either reduce
the circuit ratings or require series capacitor compensation
or faster circuit breaker operation The level of relia
bility will determine whether single or double contingencieswill be used in determining transmission capacity

The result is description of several park arrangements ranging from three to five generation groups units
bussed together served by nine to fifteen 765 kV circuits
Ten 765 kV circuits to serve twenty 1300 MW generators will
be used as typical arrangement Figure 3-2

3.3.3.1 SHORT CIRCUIT CONSIDERATIONS The amount of
generating capacity that can be electrically connected
together is limited by the amount of short circuit currentthat the breakers can interrupt when fault occurs On
765 kV bus up to 8000 MW of capacity may be connected
without producing short circuits beyond 50000 amrs the
present interrupting capability of 765 kV breakers There
fore it is possible to conceive of an energy parks with six
1300 MW units connected to one bus Park arrangements with
four or five units connected together will also be likelywhere stability or reliability considerations outweightshort circuit problems

3.3.3.2 STABILITy CONSIDERATIONS transmission
system must be iT that all generators remain in
synchronism under steady-state and transient operatingconditions Although it is beyond the scope of this dis
cussion to treat stability in depth it is necessary to
realize that the power which can be transmitted over
transmission line is proportional to the square of the
voltage and is inversely propottional to the inductive
reactance of the system Reactance which increases with
distance sets limit on the maximum power which can be
transmitted by line and high voltage is required to transmit large amounts of power over long distances

For given system operating at constant voltage the
power transferred is proportional to the sine of the powerangle the stretch in the electrical system between two ends
of transmission line transmission system with its
connected synchronous machines must be able to remain stableeven during faults that produce sudden changes in generationand load These changes produce transients on system voltageand power angle The ability of the system to adjust to
new power angle without loss of synchronism depends upon the
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26000 MW ENERGY PARK

NORMALLY
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-o 0-
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5200MW BUSSES

765kV CRCUTS

Figure 3-2 Illustrative Electrical Arrangement of an Energy
Park

39



inertias of the connected machines and the response of
their exciters and the turbine governors as well as on
system voltage and reactance The transient stability
criteria usually require that transmission line loading be
limited to value appreciably below the steady-state
stability limit

Line reactance increases with line length and the phase
spacing It decreases as the number of conductors per phaseincreases Thus bundledconductor line has lower reac
tance and higher stability limits than single-conductor
line with the same phase spacing One method for raisingthe loading limits on stability limited lines is to use
series capacitors which cancel part of the inductive reactance This cancellation electrically shortens and stiffens
the network Another method for increasing system stabilityis to interrupt the disturbance faster shorten the fault
clearing time recent study indicated that 765 kV line
carrying 4500 MW for 100 miles could save 450 MVAR pf series
compensation worth approximately $5 million if the3fultclearing times could be reduced from to cycles
These savings increase the likelihood of developing faster
fault-clearing capability

third method of increasing stability limits would be
to develop and apply currentlimiting breakers For examplethis same GE study found that four six-unit nuclear plants
representing 312 GW of generating capacity could be served
by just iht 765 kV ircuits if the plants could be tied
together The emergency flows during one circuit
outage would amcint to only 4500 MW per circuit With
current limiting breakers in position between each of the
plants fault on one circuit would be seen by only one
plant and after the fault is cleared the other three plantsact to stabilize the fourth Without current limiting
breakers third circuit would be required from each of thefour plants

3.333 TRANSMISSION PLANNING The utility industrytests the reliaEIIIE of poier systems by certain criteria
to represent the credible events that may occur The
conceptual plans developed in this study were designed to
pass the following criteria which approximate those used when
deciding to add new circuits

The transmission network planned shall have suffi
cient capacity to allow peak load and off-peak
economic generation dispatches load allocations
with all circuits in service
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In addition the network sliall lanned to allow
economic dispatch at peak load with any two genera
ting units out of service and with the circuit
ratings increased 25% representing emergency
values

The network shall also be planned to allow an
economic dispatch at peak load with any single
circuit out of service or any two circuits at

generating plant out of service again with the
circuit ratings increased 25%

The network plans developed using these three criteria
indicate the general magnitude of the transmission require
ments in number of circuits land and dollars However
they are only conceptual in nature and require planners
judgement experience and creativity before being applied
to individual situations For example skilled planner
may modify criteria which requires three transmission
circuits at any generating plant if the plant is remote to

system which is able to withstand its sudden loss Two
circuits instead of three might be used in such situation

Transmission planning criteria are so dependent on
local situations that plans developed nationally to single
set serve only to indicate general cost trends The National
Electric Reliability Council Research Park Princeton New
Jersey can give guidance when specific power delivery
situations are being considered

3.3.34 SHARING INVESTMENT AND OPERATING COSTS The
sharing of transmission circuit investment and operating
costs is one of the major non-technical problems that will
need resolution as circuits from remote generating sites
cross several service territories to deliver power for
different utilities The problem may be illustrated by the

hypothetical example of utility wishing to install
circuit from one portion of its territory to another portion
and crossing part of Utility Bs service area Should be
entirely responsible for the installation costs and oper
ating costs What if year or two later utility taps the
line for power How will the sharing of costs change
Utilities have worked out financial agreements for specific
situations frequently related to the portion of the line in

each service area As energy is moved from one utility over
lines of another wheeling charges are incurred The five
discussants of the LeVesconte paper Reference 38 provide
valuable insights into interconnection contracts
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3.3.4 Choice
3.34 ALTERNATING CURRENT AC transmission advances during ti If century have gradually increased

voltage until today the extra-high voltages EHv of 500 kVand 765 kV are employed to deliver large amounts of powerover long distances Whether ultra-high voltage UHvbeyond 800 kV will appear in the l980s depends on vari
ety of factors Research demonstrates that operation at
voltages between 1100 and 1300 kV is technically withinreach after expected engineering refinements perfect insulation corona performance and power density At presentthe transmission technology for 765 in the US 735 kV inCanada is well advanced in use and research Fortunatelythe electric power industry recognized the need for researchin this field and prime example of this support was Project EHV3were many facets of 765 kV transmission were
explored Currently this research project now ProjectUUV is continuing with investigation in the uhv range

3.3.4.2 TYPICAL STUDY VALUES The investment costsand power carrying capabilities of 345 kV 500 kV and765 kv to be used in the following transmission expansionanalysis are shown in Table 31 For example at 50 miles345 kV circuit may be loaded to 1000 MW during normal operation Normal ratings for 345 kV range from 600 MW to 1700MW depending on the number of conductors and their sizewith 1000 MW being typical value At 250 miles stabilityconsiderations reduce the ratings of circuits to approximately 60% of the 50-mile rating Again these values varywidely depending on conductors and also depending on series
compensation as discussed in Section 3.3.32 The 60%reduction in rating at 250 miles assumes no series com
pensation but does assume that the circuit is being added innetwork context where there is some amount of parallel
capacity

The land requirements costs and power losses shown inTable 31 are taken from the 1974 report for Project Independence Blueprint Reference 3-9 The line costs areJanuary 1974 estimates based on statistics gathered for
construction in the l970s The range of variation betweendifferent lines makes applying these numbers very difficultFor example the 345 kV line costs were found to vary between50 and 100 thousand dollars per mile in the eastern third ofthe US with certain portions of urban construction with manyzigzags costing three times above these numbers Thecentral portion of the US typically has lower constructioncosts than either the East or West The transmission plans
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Table 3-1 COsts and Power Carrying Capabilities of Overhead
Transmission Circuits

Costs are estimated as of January 1974

Voltage Nominal 345kV 500kv 765kv
Maximum 362kv 550kv 800kV

Capacity 50 Mile 1000MW 2400MW 5500MW
250 Mile 625MW 1500MW 3300MW

Land Route Width 150 ft 175 ft 200 ft
Acres/Mile 18 21 25

Line Cost Million $/Mile East 0.081 0.151 0.236
West 0.059 0.113 0.206

Central 0.051 0.059 0.102

Terminal Cost Million $/Line
excluding transformers

50 mile 3.175 4.900 8.700
250 mile 4.415 6.475 13.500

Incremental Terminal Cost
Park less dispersed Million $/Line

50 mile 5.525
250 mile 1.575 10.325

Transformer $/Mw
Generator Step Up 1900 1900 1900

Step Down Auto 2600 2600 2600

Power Losses Percent of yearly
energy delivered per 100 miles 10% 1.0% 1.0%

CAUTION As of April 1975 these costs which were derived
from industry reported values in the early
1970s appear to be or 1/3 of their present
values
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developed later in the study were costed using all three
values to indicate the range of costs if parks were used ineach of the three sections of the US

The terminal costs in Table 3-1 include three breakers
representing breakerandahalf switching arrangement atboth terminals to interrupt faults disconnect switches toisolate parts of the switchyard for maintenance bus work toconnect equipment relay equipment to control the breakersfor equipment protection and communication equipment for
control signals At 50 miles the terminals also include
shunt capacitors for reactive kVA control At 250 miles theterminals included shunt reactors for voltage control and noshunt capacitors In addition the 250 miles line terminalsinclude an intermediate switching station with three breakersThere is no industry standard switchyard design and thenumber and rating of the various components vary widelyThe costs for transmission circuit terminal in Table 31 are
developed from the averages reported for the Project Independence Blueprint Reference 3-7

The incremental terminal costs shown in Table 3-1 wereused in costing the USA model in Section 35 Instead of
applying the full terminal costs in this USA model each linewas viewed as replacing very short line in the dispersedplan At 500 kV there would be no additional terminal costwhile at 765 kV the costs would be the difference between345 kV and 765 kV

Transformers were treated separately because the amountof power to be stepped up from the generator voltage to thetransmission voltage and then stepped down to the subtransmission voltage will not be significantly affected by dis-
persed or park siting Therefore their costs are common toeither alternative

The losses in transmission line which are functionof loading and distance have been stated on the basis of thetotal energy delivered during year When line is fullyloaded the losses may be as high as 3% per 100 miles
However loadings vary by time of day and year and by position of the line in the power grid Therefore the losseson 765 kV line recently studied 17 MW per 100 miles when
carrying 2000 MW nearly 1% per 100 miles were taken aspresentative of the energy loss for transmission distance

3.3.4.3 DIRECT CURRENT The advent of HVDC solid-state terminal and its successful application inthe Eel River tie presents the line designr1ih1 rtical alternative to EHV and UHV transmission
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The use of HVDC for transfer of energy from generation
over long distances to load areas is an attractive alterna
tive It is now being applied on the Square Butte Project
transmitting power from central North Dakota 450 miles to

Duluth Minnesota It is being applied to transfer power
to Vancouver Island in British Columbia over circuit

consisting of sections of cable and overhead line Large
blocks of hydro generation in northern Manitoba are being
transmitted to Winnipeg 575 miles to the south prototype
gas-insulated HVDC station for metropolitan application is

now being supplied for installation on the Consolidated
Edison system under EPRI sponsorship

The above HVDC systems now being built contain all of

the essential elements of future HVDC systems high capacity
circuits i.e 2000 MW per circuit with 100% emergency
overload switching for permanently faulted lines cables
and compact metropolitan terminals

Table 32 shows comparis9_9f the major features of
HVDC and ac transmission systems The incentives for

using dc include economic performance and environmental
factors Economic comparisons showthat the savings in
overhead line cost for dc can offset the higher terminal
cost so that for distances of 500 miles or more the dc has
cost advantage For cable systems this dc advantage occurs
for 25 miles or more Performance advantages for dc include
rapid change of power which aids ac system stability pro
viding for nonsynchronous ties between ac systems and its

ability to import power without increasing ac system short-
circuit levels Environmental advantages include smaller
transmission towers with less rightofway and hence less
visual impact Compare 150 ft in Table 33 to 200 ft in
Table 31 Where underground circuits are required dc can
be utilized to advantage Rapid advances in station design
permit metropolitan application of high capacity dc ter
minals

Table 3-3 compares cost and power capabilities of 345

kV ab cables to dc 400 kV cables and 750 kV overhead
line to two 765 kV circuits at 500 miles At the present
time cable manufacturers have indicated willingness to

provide dc cables up to 600 kV to ground HVDC overhead
lines in excess of 500 kV have been undertaken in several
applications and 750 kV is being applied in the Soviet
Union Generally dc cable circuits become economic when
longer than 25 miles while overhead circuits become economic
above 500 miles in length
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TABLE 3-2 COMPARISON OF HVDC TO AC

GENERAL

RELIABILITY

Excellent for line and station
Operates with reduced voltage

POWER FLOW

Easily controlled
Greater rightof-way power densityAsynchrono5 tie capability
No stability problems
Enhances stability of dual ac/dc system

OVERHEAD TRANSMISSION LINE

TOWER AND LINE

Lower tower height
Less rightof-way width
Only two conductor sets not three
No transpositions necessary

INSULATION

Lower surge levels
More contamination problems
Less lightning tripout severity
Bipolar line as reliable as 2-ckt ac for lightning

RADIO NOISE

Less radio interference in rain than during dry weather

CORROSION

Requires ground electrode systemDC ground current travels far underground beneficial
CABLE

Major advantages over ac
No reactive power limitations
No di-electric losses

HVDC TERMINAL

EQUIPMENT

More expensive
More elaborate

HARMONICS

Requires filters

RADIO NOISE

Produced by valve action
Requires shielding for local containment
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Table 3-3 Costs and Power Carrying Capabilities of Special

Transmission Circuits

Costs are estimated as of January 1975

Type A.C D.C D.C A.C

Voltage Nominal 345 kV 400 kV 750 kV 765 kV
Maximum 362 kV 800 kV

Construction High Pressure High Pressure 500-mile 500-mile
Oil Filled Oil Filled Overhead Overhead
Cable Cooled Cable Cooled Bi-polar lines

Capacity 700 MW 1000 MW 5000 MW 5000 MW

Land Route Width 150 ft 400 ft
Acres/Mile 18 50

Line Cost
Million $/Mile 1.40 0.50 0.28 0.60

Terminal Cost
Million $/Line 3.2 70 325 100

Power Losses
Percent of yearly energy 4.0% 5.0%

Terminal losses per line 2.3% 2.3% 0.4%

terminals

317



3.3.4.4 CRYOGENIC CABLE Transmitting electric power
by cryogenic cable offers an attractive solution to many of

the environmental disadvantages encountered with both ac and
dc overhead transmission insulator contamination corona
effects RI TVI audible noise etc ground electrostatic

fields lightning large towers right-of-way requirements
and aesthetics Current research indicates that cryogenic
cable system operating at 345 kV may be expected to hv
2000 MVA capability and at 500 kV 3500 MVA capability
These cables are expected to aid in delivering power from
substations on the edge of metropolitan area into the

centralcity Their application will be little influenced

by the dispersed versus park siting decision since in either
case power will be gathered at these peripheral substations
for delivery into the city

3.3.5 Critical Design and Operational Factors
for Transmission

An overview of transmission system reveals several
broad technical areas of concern relative to design and

operation Among these areas are insulation corona
performance induction phenomena and stability

3.3.5.1 INSULATION The optimum economic selection of

equipment whether it be voltage control devices or trans
formers and circuit breakers depends on good insulation
coordination This implies adequate control of overvoltages
on the transmission system and protection of internal insu
lation by surge arresters These overvoltages may either be
due to switching lightning faults or load rejection or

combination Switching surge overvoltages on EHV lines have
been held to near 2.0 p.u by use of single-step closing
resistors in the breakers Added reduction would be possi
ble by application of two step pre-insertion resistors The
higher the system voltage the more economically feasible
the use of surge control becomes This is due to the non
linearity of the critical flashover voltage and the greater
savings in tower cost that can be realized for the larger
towers used at EHV and UHV Lightning overvoltages are

always present but have less effect on transmission design
at higher voltages because of the switching surge insulation

required If adequate care is taken to prevent shielding
failures by use of good shielding angle practice vertical

angle between overhead ground wires and outer phase con
ductors made small then lightning will not play dominant
role in line design
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3.3.5.2 CORONA PERFORMANCE Corona performance has

to do with the partial electrical breakdown of any of the

insulating media in the power delivery system The con

sequences of these discharges are to produce corona loss
radio noise audible noise ozone and general spectrum of

low intensity radiation up to and including visible and

ultraviolet light Where terminal equipments are concerned

and especially for internal insulation which is usually not

self-healing only small amount of corona can be toler

ated The normal design procedure for these equipments

results in low corona For the exposed transmission line

however the corona discharges occurring on the surface do

no permanent damage and the design of the line for corona is

predicated on one or more environmentally acceptable levels

of the various corona discharge parameters

All of these parameters radio noise audible noise

ozone etc are affected by the electric field at or near

the surface of the conductor For fixed line voltage the

size and number of the conductors in phase phase spacing

and phase height are controlling factors in determining the

electric field In addition to the magnitude of the field

its rateofchange away from the conductor must be assessed

because high rate-of-change will limit the severity of the

discharge Of importance for each of the phenomena asso

ciated with the discharge process is how each is transmitted

to say an observer at the edge of the right of way For

example the radio noise disturbance is an accumulation of

electromagnetic noise energy propagated for some distance

down the line An audible noise disturbance on the other

hand is more localized accumulation of noise energy

dependant on sonic transmission in air

33.5.3 INDUCTION PHENOMENA The term induction

phenomena covers both electrostatic and electromagnetic

induction from the transmission line to objects at the

ground level These effects are strongest in the area of

the right-of-way and diminish with distance from the line

For ehv and uhv lines the electrostatic field at the edge

of the right of way has become factor of importance be-

cause its effects have become distinctly perceptible by

people in the vicinity of the line Magnetic field in
duction has so far not been problem All of the in
duction phenomena are easily calculable and design for this

parameter is usually based on values found generally accept

able from subjective tests and other experience
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3.3.5.4 HEALTH To date none of the various corona
discharge parameters or induction phenomena have been foundto be injurious to human health at present levels from
transmission lines They are considered as nuisance valuesand have been assessed as such through the use of various
subjective signal-to-noj ratio acceptability scales andother criteria

3.3.6 Transmission From park and ersed Sites

3.3.6.1 NUMBER OF CIRCUITS REQUIRED Deliveringpower from generating plant requires transmission network with sufficient capacity which for this study means
permitting two circuits out of service with no reschedulingof generation or providing additional generation reservescapable of withstanding the siLldden loss of the total plantoutput In the Eastern and Central US where short distances are encountered at least three circuits wouJd
normally be provided at plant see column of Table 3-For example 1770 Mw plant in 345 kV territory would
require four circuits each with emergency rating of 1250 MWto serve the two 885 MW generating units during doublecircuit outage

Increasing the voltage which increases the capacitydoes not reduce the number of circuits below the minimumof three circuits for double outage protection For example three 765 kV circuits would be required at the sameplant size that could be served by three 500 kV circuitsThe voltage used at plant is established by future needsand surrounding network requirements and not on just the
plant rating If because of distance it is more economical to provide generating reserve elsewhere in the
system and protect only the outage of one circuit thenminimum of two circuits would be used column of Table3.2 For the parks versus dispersed site comparison in this
report double outage protection was used interpreted tomean one circuit suddenly tripped while second circuit is
on maintenance

preliminary analysis at anenergy park of 26000 MW is summarized in Table 3-4 If 20units are grouped into five plants each with four 1300 Mwunits the resulting 5200 MW of capacity can be transmittedon two 500 kV circuits or one 765 kV circuit Adding reservefor any single circuit outage increases the circuit require
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Table 3-4 Examles of Circuit Requirements at Generating Plants

... .....

Number of Circuits Needed

Voltage Single Double Two

Level Outage Outage Simultaneous

Plant Size Used Protection Protection Outages

1770 MW
Two 885-MW units 345 kV

500

765

2150 MW
Two 1075MW units 345

500

765

2600 MW
Two 1300MW units 345

500

765

5200 MW
Four 1300MW units 345

500

765

26000 MW Park

Five groups of

four 1300MW units 500 15 15 20

765 10 10 15

26000 MW Park
Four groups of

Five 1300MW units 500 16 16 20

765 12 12 16

26000 MW Park
Three groups of

six 1300MW units

plus two unit bus 500 14 14 18

765 11 11 15
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ments by one resulting in three 500 kV Circuits per plant
total of 15 or two 765 kV circuits per plant Figure 3-3
total of 10 During the scheduled maintenance on trans
miSSion line the units at park could be switched to pre
pare for second outage The switching would produce two
groups of six units one with three circuits connected and
the second with Just two circuits Figure 33 Units in
this second group would be restricted in output to the
rating of single circuit in anticipation of fault on oneof the two lines The lines would be routed on separate
rightsof-way to minimize the chance of simultaneous faults
If it is necessary to protect against simultaneous faults ontwo circuits then three circuits rather than two must be
constructed at each plant requiring total of 15 765 kV
circuits at 26000 MW park The additional circuits maynot greatly increase reliability If two circuits cannot be
placed on separate routes then placing three circuits on the
same route may not greatly improve reliability but it will
greatly increase the costs

Using larger groupings of units at park does not
appear to offer the opportunity to reduce the number of
circuits As Table 34 indicates four groups of five
units 6500 MW plants require four 500 kV circuits per
plant or three 765 kV circuits increasing the total numberabove the five group four unit arrangement The three
group six unit plant arrangement offers some benefits
requiring four 500 kV or three 765 kV circuits per plant for
single outage protection However since only 18 units can
be accommodated in this scheme the remaining two units
require two circuits resulting in total of 14 500 kV or
11 765 kV circuits Energy parks sized to integral numbers
of six unit plants 7800 MW each appear to require four 500kV circuits per plant or three 765 kV circuits per plant

Energy parks with five plants of four units each andten 765 kV circuits plus the ability to reconnect units
during planned line maintenance appears to offer an acceptablecompromise between reliability and cost Energy parks will
accrue some savings in transmission over dispersed sites
because of the fewer number of circuits per 5200 MW busthree 765 kV circuits per plant for dispersed sites versus
two 765 kV circuits per plant at an energy park But the
savings have been too difficult to quantify in general
study because the length of the third circuit depends on thelocation of other plants or substations in the area and not
on the distance from generator to load the major parameterof this study Therefore this particular aspect of energyparks remains to be evaluated for each unique application
In Section the economic comparison of parks and dispersed
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ARNGEMENT Five Isolated 52OO- Buses with Four 13OO-

Units Each

765-
1300MW UNIT

BREAKERS

SINGLELINE MAINTENPNCE Units switched to have at Least Two Circuits

Connected to Each Bus

OPEN

CL 4LOSE

CIRCUIT

ON
MAINTENANCE

Figure 3-3 Illustrative Arrangement of 26000 MW Energy

Park During Normal Operation and singleLine Maintenance
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sites the parks are not credited with any savings attribu
table to the reduction in the total number of circuits
required This is result of the assumption that trans
mission costs are only function of distance to load and
total installed generating capacity and not the proximityto other buses For example in Section transmission
costs at 5200 MW minipark are onefifth of the costs of26000 MW park

3.3.6.3 CONTINGENCy PLANS FOR CIRCUIT OUTAGES Each
... ..generating plant will be connected in such manner that thesudden loss of any single circuit such as caused by

lightning stroke does not interrupt or limit the output of
the plant The NORMAL ARRANGEMENT in Figure 3-3 providestwo circuits at each plant each capable of delivering thefull output of the four units so that when one circuit
trips power delivery continues uninterrupted When it is
necessary to take one circuit out for maintenance six unitswill be bused together as shown in the second arranementOne bus will connect six units to only two circuits while
the other bus will connect six units and three circuits
If during this circuit maintenance one of the two circuits
at the six unit bus trips open to clear fault then twounits will also have to be tripped Most likely unit maintenance would be coordinated with line maintenance so thatno more than five units would be operating on the twolinebus and their output could be reduced to total of 5200 MW
for the to 12hour circuit maintenance period

What if both circuits at plant are interrupted
suddenly when carrying full power output The system wouldlose 5200 MW or less depending on the dispatch at the time
Losing 5200 MW on 1975 system would be severe interruption However the first 5200 MW plant would not be com
pleted until about 1990 when the entire system would be
increased in size thus making the outage effects closer to

2000 MW outage today The potential for outages of 2000MW are not common today but there are examples In 1975 theMOHAVE Plant in Nevada rated 1630 MW is served by just two
circuits 500 kV in this case The system is designed to
provide power continuity to users even after the sudden
interruption of the two c.ircuits

The sequence of unit and circuit additions at parkcan be arranged to limit the number of units electricallybused together For example more detailed study mayindicate cost savings by installing only two or three units
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on one bus and then proceeding to start new bus with its

own transmission thus limiting the magnitude of the double

line outage The final units on the bus can be added later

in the park development

3.3.6.4 PARK OUTAGE CONSEQUENCES The park capacity
will be increasing in magnitude more rapidly than the surr
ounding system and thus the impact of total park outage
will increase with each unit addition When completed
26000 MW park will have an outage impact similar to the

simultaneous outage of 6200 MW in 1975

The equivalence of 6200 MW in 1975 to 26000 MW in 30

years was computed by assuming that in the 30 years required

to complete park the electric power system has grown to

four times todays size an average annual load growth of 5%
The loss of 26000 MW in the future system or 6200 MW on

todays system will cause frequency to dip triggering load

shedding and blackouts in the area served directly by the

pool By proper transmission design including underf re
quency relays for load shedding the sudden outage of the

total energy park will not by itself be sufficient to cause

complete system breakup

After the park outage full service to users can be

restored as rapidly as additional capacity can be brought on

line probably within hours Since the park may represent
25% of pools capacity nearly equal to its installed

reserve capacity from neighboring pools will be required
This capacity from neighbors which may have provided as

much as 80% of the lost capacity 20000 MW during the

first hour after the outage will probably remain at about

25% 6500 MW until capacity in the park can be restored

The park may be 25% of power pools capacity but it

will be less than 8% of regions capacity This assumes

that 90000 MW region of today becomes times larger at the

completion of park 360000 MW With generation reserves
maintained at 20% there would be sufficient capacity within

region to replace capacity after park outage

The transmission network costs reported in the follow

ing sections assume that transmission capacity will be

provided to prevent blackouts when one bus 5200 MW trips
out at park However the simultaneous outage of the five

buses at park is protected only by having sufficient

capacity to recover from the blackouts caused by the sudden
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outage The additional transmission costs to eliminate even
these blackouts were estimated by providing region with
sufficient capacity to import 26000 MW simultaneously
This additional capacity increased the total transmission
costs by 10% and land use by 11% Section elab
orates on this study

3.3.6.5 ENERGY PARK RELIABILITY Will energy parks
have better or worse reliability than dispersed sites It
is our opinion that from the electrical power users view
point there will be no distinguishable difference for the
following reasons

Factors tending to make energy parks more reliable than
dispersedsite units include shortened repair times due to
standardized systems and on site storage of spare components
such as transformers pumps and other major equipments

Factors tending to make energy parks less reliable than
dispersed-site units include

Common mode failures due to proximity initiated by
events such as explosions strikes military
actions and natural disasters
Failure due to transmission distance

Failures which increase with transmission distance such
as tower outages and conductor flashovers are discussed the
next section where the increased system reserve due to
additional distances between generator and load is shown to
be in the order of $O.Ol/kW-Mile

The common mode failures of parks due to explosions
strikes military actions and natural disasters while rare
in occurrence make parks less reliable than dispersed
sites But since no more than 8% of regions capacity
should be located in one energy park as discussed in Section
3.3.3 the consequences to the user are expected to be only

few hours blackout

We believe that it is reasonable to assume that the
increased reliability of the individual units in parks will
offset the decrease in reliability due to common mode fail
ures Therefore in our economic analysis neither relia
bility benefits or consequences are specifically quantified
and included
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3.3.6.6
YM

utility customer with comparable service continuity whether

the power generator is next door or hundreds of miles away

requires combination of transmission circuits and local

emergency generating capacity

Assume an operating power transmission grid and two

alternative sites for the next generating unit one near the

major load center and one site 100 miles from the major load

center In the near-load case the loss of generation is

caused by the power plant outage for there is no signif

cant transmission between generator and load This outage

time is 15 to 30% of the year depending on the number of

weeks required for boiler turbine and generator mainte

nance refueling if nuclear unit inspections and un

planned outage unplanned or forced outages represent

approximately one-third of the outage time

As the generating unit is moved ioo miles away from the

load an almost imperceptible increase in availability is

incurred 100 mile 345 kV transmission line has total

outage time of 1% of year But power plants are connected

to load by at least two transmission lines not on the

same route both of which are capable of carrying the total

plant output So the amount of time that the plant is

isolated from the load due to transmission outages is at

most 0.01 0.01 0.0001 one-hundredth of one percent of

the time

The outage time of the entire plant is increased by the

increased outage probability due to line length Assume

four unit plant connected to the load centers by two 765 kV

circuits The probability of the entire plant being out is

0.1 0.1 0.1 .0.3 0.0012 the probabilitY of

having one the four units on either planned or forced

outage 0.3 and the other three units forced out 0.1
The probability of the plant outage 0.0012 is twelve times

larger than the time that the 100-mile transmission system

isolates the plant

The outage time of transmission circuits increases

linearly with distance to 0.02 at 200 miles and 0.03 at 300

miles so that the time when they both are out would appear

to be more significant 0.0004 at 200 miles 0.0009 at 300

miles However intermediate switching stations every 100

miles reduce this probability to having two parallel seg

ments of longer line out .0001 at 200 miles and

.0001 at 300 miles still much less significant than

the generation plant outage time
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Cost penalties for generation or transmission outages
may be calculated by assuming that the capacity of the plant
is very large in relation to the system say 5000 MW From
probability mathematics see Reference 3-13 the additional
load carrying capability that must be added to the system is
the natural log of the ratio of the new to the old forced
outage rate times the change in load that increases system
reliability by 2.718 the base of the natural logarithms

Load change for New RateReserve Increase ln2.718 risk increase Old Rate

Assuming the total four unit plant forced outage rate
is 0.0012 and 100 miles double circuit outage probability is
0.0001 then the additional reserve required on systemwhere 1000 MW changes the risk 2.718 times typical of
80000 MW system

Reserve Increase 1000 ln

1000 ln 1.0832

1000 0.08

80 MW

Assuming 90% availability for small units 89 MW ofsmall unit capacity is needed in the load area which at
$1l5/kw equals $10220000 of additional investment The
increased cost of two 100mile 765 kV lines is $521l00/mile

This $52100 of additional genration capacity for
reserve due to each additional mile of transmission from
52000 MW plant results in $0.Ol/kw-mjle This is maximum
figure using pessimistic assumptions The fact that the
four units on one bus in park could be switched to other
lines is not considered even though this is provided for in
the switching arrangements Since the $0.0l/ kW-mile is
below the accuracy of this study the cost of additional
generation for transmission is assumed included in the
transmission costs shown in Table 3-11
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3.4 FITTING AN ENERGY PARK INTO THE EXPANSION OF AN ELECTRIC

POWER GRID

34.1 Overview

To investigate the benefits and consequences of de

veloping energy parks in an existing power delivery network

an actual power pool was selected and modeled for conceptual

purposes only The following results are not intended to

imply that the selected POOl will or should develop in the

manner illustrated but only that it is possible to develop

the pool in either the dispersed siting or park siting

manner

The electric power network in the State of New York was

used as basis for developing the approximate utility power

pool model used in the following discussion This POOl was

selected because sufficient data were available for this

task Based on the data on file with the Federal Power

Commission in Washington D.C and on file with the Public

Service Commission of New York State in Albany simplified

network model of the system proposed for New York State in

1983 was prepared

Once the 1983 model was available the total load was

increased in 20 steps until two 26000 MW parks and apprOXi

mately 20% more capacity in dispersed-sited peaking capacity

would be required to serve the load plus 20% installed

reserve capacity margin The transmission network was then

grown in 20 steps for each of three generation siting alter

natives

All generation placed at dispersed sites.

One fossil park site and one very remote nuclear

site used
One fossil park site and one very near nuclear

site used

The results of these studies were used to determine the

amount of transmission required for dispersed siting to

determine the increased amount of transmission for energy

park siting and to identify any special problems associated

with the delivery of power from concentrated source

3.4.2 Generation Expansion

The generation expansion was designed to cover the

growth of two parks to their targeted size selected at the
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beginning of this study i.e nuclear park with 20 units
rated 1300 MW and fossil park with eight units rated 885

MW eight units rated 1075 MW and final eight units rated
1320 MW making total of 24 fossil units In addition to

these units peaking and daily cycling capacity was also
included to continue reserve margin 20% above the annual

peak load typical of the reserves for New York State See
page 30 of Volume reference 3-14

The generation expansion used in these conceptual plans
is listed in Table 3-5 The expansion begins with the
addition of two units an 885 Mw fossil coal fue1ed unit
and nuclear 1300 MW unit In the first six years of the

expansion the addition of two units adequately meets 20%

reserve requirement indicated by the entries in the EXCESS
CAPABILITY column Beginning in year additional capacity
for peaking or daily cycling duty is introduced to maintain
the 20% reserve margin In year 11 two fossil units are

added to meet the increasing load growth Adding four
fossil units in three years assumes that the manufacttiring

cycle at the energy park has shortened from one year to nine
months In the 20th year 20 nuclear and 24 fossil units
have been added to meet load growth rate of 4.74% per
year

With the generation expansion defined we now turn to

the network model on which to site these units

3.4.3 Network Model

To represent the locations of loads and generation
within the sample power pool the 49 locations listed in

Table 36 were selected with the loads and generation shown
for the initial year For example Albany is located 293.5
miles East and 137.0 miles North of the selected origin has

load of 621 MW installed generating capacity of 580 MW
and when economically dispatched so that pool generation
output equals pool load the net generation less load is

621 MW indicating that no generation is operating at Al
bany Three sites have been designated for energy parks
NEAR is located in the Western part of the state and will
be used as coal-fueled park site NEAR is located in the

southeast corner near the major load area and FAR is located
at north central site about 300 miles from the major load
area The total load in the initial year is 33700 MW and
the total installed generating capacity is 50842 MW

Connecting these 49 locations are 214 existing trans
mission circuits including 14 765ky lines 68 345ky
lines 27 345ky cables 24 230kV lines and the remainder
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Table 3-5 Generation Expansion Pattern for Perk/Dispersed Site Comparison

REQUIRED REQUIRED NEW GENERATION EXCESS
YEAR LOAD GENERATION ADDITIONS FOSSIL NUCLEAR PEAKING CAPACITY

MW MW MW MW MW MW MW

33 700 40 440

35 300 42 360 1920 885 1300 265

36 970 44 360 2000 885 1300 450

38 720 46 460 2100 885 1300 535

40 560 48 670 2210 885 1300 510
42 480 50 980 2310 885 1300 385

44 490 53 390 2410 885 1300 160

46 600 55 920 2530 885 1300 185

48 810 58 570 2650 885 1300 465

51 120 61 340 2770 1075 1300 395

10 53 550 64 260 2920 1075 1300 545

11 56 080 67 300 3040 21075 1300 410

12 58 740 70 490 3190 1075 1300 405

13 61 530 73 840 3350 1075 1300 975

14 64 440 77 330 3490 21075 1300 40

15 67 500 81 000 3670 1320 1300 1050

16 70 700 84 840 3840 1320 1300 1220

17 74 050 88 860 4020 21320 1300 80

18 77 560 93 070 4210 1320 1300 1590

19 81 230 97 480 4410 1320 1300 1790

20 85 080 102 100 4620 21320 1300 680

26240 26000 9420

1.0474 Total Capacity Added 61660 MW
Growth Total Capacity In Parks 52240 MW

Rate

331



Table 3-6 LocatjQn$ Used In Power Pool Model

NORMAL
LOCATION COORDINAtES NSALLEP GNLOA0

RIO PARKSITES
ALBANY 6219
BANWA 2416 3034 .650 634 184
BR0Ow to 63 9I__ L0.2
BUCHAN 2851 459 2939 2879
CLAY 168 1791 591.

__6__Qaf1ft_ .t4.L__22L_a.4.j1__ 3_ _i.L
DEWIlY 1740 167 46Q 460
DUNKR t0 1308 95 676 63

_____D1LNG A.L1 179__ _0t __
to ED.IC 2127 1771 577
It 2929 84gR 23t.f1Tiffoff -%--
14 GARDEN 309 1557 to44

227n
16 GOETWA 2720 10 4292 908 3982
17 GOWANU 2825 320

GR 274 184
j9 HILLSI .367 101i 673 34B
20 HUDSON 2835 79 800 800

22 HURLY 2777 921 422 400p 22
23 JENNS 20499 115 370 63

1iI iiLio
25 LEWIST 1757 1477 00 t123
26 MEYER 901 1322 267 67

446 14 Di O4__.ii4 -_-4.91-_
28 P4ILLWQ 2940 1346 $346
29 YROY 3Q39 152j9 124 .t24__ FAR
3t NW SC 2840 1418
32 NORIMP 3176 224 sso 7562 1062 NEAR

34 OS WE GO 150 90
35 PATS 3087 286 180 42 38A64j 64
37 RAMAO 2746 35 822 3778 2577
38 RAVENS 2845 1.14 487 8116 136

40 ROCK 2667 514 578
41 ROSEO 2814 618 536 2340 633

43 RUSSEL 927 1860 t308 1t99
44 SOMERS 414 186O 1200 1200

46 SPRAtN 2929 224 545 5475
SYOLL 408 t08

i__22
49 WPARK 938 1446 NEAR

0TAS 33700 50842

332



in 138 kV and 115 kV lines Each circuit is represented by

its capacity and length between terminals For example

230 kV overhead line between Albany and Troy is modeled

by 317 MW capacity 19 miles in length Between these same

terminals is 115 kV line with 79 MW capacity

The network expansion developed in this study used

capacitated linear network model reference 315 which has

been applied successfully in conceptual planning studies for

six power pools This model uses only distance and capacity

to represent circuits After the network is planned elec

trical network models confirmed the adequacy of the design

and provided the information needed for more detailed analysis

The network model has already established in it cir

cuits at the 765 kV and 345 kV levels plus significant 345

kV cable network in the large load area These established

voltage levels are used in the 20-year expansion

3.4.4 Generation Siting

Three generation siting patterns were used with the

generating units in Table 3-5 and the 49 locations listed in

Table 3-6 as indicated in Table 3-7 The dispersed sites

Case were selected to closely parallel those listed in

reference 3-14 In Case the coalfired units are sited at

NEAR Park and the nuclear units are sited at FAR

NCPARK The peaking units all remain sited at NORTHP near

the major load center With the dispersed siting arrange

ment each megawatt generated traveled an average distance of

23 miles to reach its demand location Moving 52240 MW of

generation into two parks Case increased the average

distance for these megawatts by 126 miles To study the

effect of parks at nearby sites Case was prepared with the

nuclear park relocated at NEAR NORTHP which is very

close to the major load center and increases the average

distance by only 10 miles over the dispersed case

3.4.5 Transmission Expansion Procedure

To plan the circuits connecting the generating units in

Table 3-7 to the loads computer program especially devel

oped for conceptual planning was used This program devel

oped from 21 power pool plarniing applications beginning in

1963 implements the horizon-year approach illustrated in

Figure 3-4 The 20th year was studied first to identify
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Table 3-7 Generation Sites for Dispersed and Park Studies

Case Case Case

Dispersed Park Park
Year Additions Sites Sites Sites

1300 MW NUCLEAR LEEDS NCPARK NORTHP
885 MW COAL NORTUP W.PARK W.PARK

885 MW COAL BUCHAN WPARK W.PARK
1300 MW NUCLEAR BUCHAN NCPARK NORTHP

1300 MW NUCLEAR WPARK NCPARK NORTHP
885 MW COAL SOMERS W.PARK W.PARK

1300 MW NUCLEAR SOMERS NCPARK NORTHP
885 MW COAL NORTHP W.PARK W.PARK

1300 MW NUCLEAR SOMERS NCPARK NORTHP
885 MW COAL NORTHP W.PARK W.PARK

1300 MW NUCLEAR W.PARK NCPARK ORTHP
885 MW COAL NORTHP W.PARK W.PARK

1300 MW NUCLEAR SOMERS NCPARK NORTHP
885 MW COAL NORTHP W.PARK W.PARK
185 MW PEAKING NORTHP NORTHP NORTHP

1300 MW NUCLEAR W.PARK NCPARK NORTHP
885 MW COAL NORTHP W.PARK W.PARK
465 MW PEAKING NORTHP NORTHP NORTHP

1300 MW NUCLEAR LEEDS NCPARK NORTHP
1075 MW COAL NORTHP WPARK W.PARK

395 MW PEAKING NORTUP NORTHP NORTHP

10 1300 MW NUCLEAR ROCK NCPARK NORTHP
1075 MW COAL BUCHAN W.PARK W.PARK

545 MW PEAKING NORTHP NORTHP NORTHP

11 1300 MW NUCLEAR ROCK NCPARK NORTHP
1075 MW COAL BUCHAN W.PARK W.PARK
1075 MW COAL DUNKIR W.PARK W.PARK

12 405 MW PEAKING NORTHP NORTHP NORTHP
1300 MW NUCLEAR NORTHP NCPARK NORHTP
1075 MW COAL DUNKIR W.PARK W.PARK

13 975 MW PEAKING NORTHP NORTHP NORTHP
1300 MW NUCLEAR SPIERS NCPARK NORTHP
1075 MW COAL BROOKW W.PARK W.PARK

14 1075 MW COAL E.PARK W.PARK W.PARK
1300 MW NUCLEAR NORTHP NCPARK NORTHP

40 MW PEAKING NORTHP NORTHP NORTHP
1075 MW COAL BROOKW W.PARK W.PARK

15 1320 MW COAL E.PARK W.PARK W.PARK
1300 MW NUCLEAR NORTHP NCPARK NORTHP
1050 MW PEAKING NORTHP NORTHP NORTHP

16 1300 MW NUCLEAR NCPARK NCPARK NORTHP
1220 MW PEAKING NORTHP NORTHP NORTHP
1320 MW COAL OSWEGO W.PARK W.PARK

17 1300 MW NUCLEAR NORTHP NCPARK NORTHP
80 MW PEAKING NORTHP NORTHP NORTHP

1320 MW COAL SPIERS W.PARK W.PARK
1320 MW COAL OSWEGO W.PARK W.PARK

18 1590 MW PEAKING NORTHP NORTHP NORTHP
1300 MW NUCLEAR NORTHP NCPARK NORTHP
1320 MW COAL OSWEGO W.PARK W.PARK

19 1320 MW COAL E.PARK W.PARK W.PARK
1300 MW NUCLEAR NCPARK NCPARK NORTHP
1790 MW PEAKING NORTHP NORTHP NORTHP

20 1320 MW COAL E.PARK W.PARK W.PARK
1320 MW COAL SOMERS W.PARK W.PARK
1301J MW NUCLEAR NORTHP NCPARK NORTHP

680 MW PEAKING NORTHP NORTHP NORTHP
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Figure 3-4 HorizonYear Approach to Transmission Network Expansion
Planning
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where major transmission circuit additions at 765 kV would
be needed Then additional 345 kV circuits were included to
further relieve the capacity shortages The resulting
horizonyear plan becomes goal for planning the yearby
year expansion of the network When shortages are encountered
requiring new circuit addition circuits from the horizon
year goal are considered first Circuits not in the horizon
year system are added only occasionally In this manner
transmission expansion with major high voltage circuit
additions is planned resulting in near minimum cost so
lution Further information on this program is contained in
Reference 315

Before proceeding to examine the transmission expansion
plans it is interesting to review the magnitude of the
planning assignment carried out by the computer Each of
twenty years was examined by studying several dispatches and
all singlecircuit outages resulting in nearly 1200 dif
erent network studies to plan 20 years The study included
peak load dispatches for each year outage of the largesttwo generating units on peak in five different areas of the
pool each time new generation was added double transmission
circuit outages at each generating plant and all single
circuit outages each year These tests were discussed in
3.3.3.3 PLANNING CRITERIA The result is network that
will withstand most electrical network tests and has been
found to be sufficiently accurate for conceptual planning

3.4.6 Expansion Results

By studying normal dispatches low load dispatches
generation outages and transmission outages on yearlybasis transmission plans were developed for the dispersed
generation siting pattern in Table 37 and for the two
alternate energy park siting arrangements Figure 3-5
illustrates the cost total transmission cost behavior for
the dispersed sites and the remote energy park study Case
with the NEAR and FAR energy park sites used It is
interesting to note how the establishment of the first and
second units at the park sites cause significant increases
in transmission costs as was expected but by the third
unit additions in each park recall one unit is being added
each year the park-alternative cost increases only slightlywhile the dispersed site alternative experiences sharpincrease Because these two curves trend toward straightline through the final point constant transmission dollars
per kW of generating capacity will be used in the economic
analysis section Section For particular energy parksituation more detailed analysis of the first and second
year transmission costs with and without the park appearsneeded to improve the accuracy of the constant $/kW assumption
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Figure 35 Transmission Investment for Remote Parks
Versus Dispersed Sites
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Comparing the highest voltage networks mapped in

Figure 3-6 37 and 3-8 indicates that 765 kV network will

be needed no matter which of the three siting patterns are
followed The use of remote park site Figure 3-7 greatly
increases the amount of transmission from the northern site
down across the state to the southern load center while

using second near site Figure 38 reduces the network
transmission significantly

The number of circuits miles and costs for each case
are tabulated in Table 38 For example Case with all

dispersed siting has 61.660 gigawatts of new generation
installed producing 1417 gigawatt-miles of capacity short
ages when the 20th year normal dispatch is applied to the
existing zero-year network This means that after using all
existing transmission capacity the power deliveries from
generators to demand produce overloads which when multiplied
by the length of the routes overloaded totaled 1417000
megawatt-miles Dividing by the amount of generation in
stalled 61660 megawatts provides the average mi1s
traveled by each new generation megawatt to reach and
satisfy demand 23 miles in Case This calculation
procedure for average distance is used in all analyses for
this report

Table 3-8 after summarizing the generation and mileage
lists the number of individual circuits added during the 20-

year expansion to provide network with sufficient capacity
to deliver power during the normal and emergency conditions
mentioned in Section 34.5 Transmission Expansion Procedure
The dispersed siting case required 657 miles of 345 kV
overhead construction in 24 individual circuits which
require $130 million dollar investment using the January
1974 costs given in Table 3-1 of Section 3.3.4.2 Typical
Study Values with no inflation Inflation effects and
present worth values will be computed and presented in
Section covering the economic analysis of dispersed and
park arrangements The costs in Table 38 were used to gain

general understanding of how transmission costs vary with
generation concentration and distance to demand centers

The transformer costs in Table 38 were computed using
$4500 per megawatt of installed generation the sum of the
generation stepup and stepdown costs shown in Table 3-1
This value assumes that the transformer costs are affected
only by the amount of power to be delivered and not by the
distance or voltage level used The 345 kV cable network in
the major load area required an additional 31 circuits
totaling 293 miles of high pressure oilfilledcable dis
cussed and costed in Section 3.3.4.4 Underground Cable
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Table 3-8 Transmission Investment as Affected by Siting in

Example Power Pool

INSTALLED PARK CIRCUITS ADDED INVESTMENT
ITEM GW GW GW-MILES MILES KV MILES NO $M ACRES

10

Transformers 277
All Dispersed 61.660 1417 23 345 657 24 130 11826
Siting 345C 293 31 509

765 555 14 253 13875

$1169 25701

Transformers 277
Two Parks 61.660 52.240 7990 130 345 790 25 144 14220
NEAR1 345C 737 54 1205
FAR 765 2604 52 1067 65100

$2693 79320

Transformers 277
Two Parks 61.660 52.240 1809 29 345 535 18 101 9830
NEAR1 345C 1336 70 2094
NEAR2 765 658 13 268 16450

$2740 26080

Transformers 277
All Dispersed 61.660 1417 23 345 862 46 217 15516
Siting 765 555 14 253 13875

747 29391

Transformers 277
Two Parks 61.660 52.240 7990 130 345 1306 63 307 23508
NEAR1 765 2604 52 1067 65100
FAR $1651 88608

Transformers 277
Two Parks 61.660 52.240 1809 29 345 1470 67 333 26460
NEARI 765 658 13 268 16450
NEAR2 878 42910

345C is 345 Cable
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The 765 kV network was increased by 14 circuits with total

length of 555 miles whose costs are presented in Table 3-1

The total expansion required $1169000000 investment using

January 1974 costs and 25701 acres of land This includes

only the bulk power transmission network It is assumed

that the subtransmiSsiofl and distribution systems will be

common to all generation siting arrangements

With near and remote energy park used Case in

Table 3-8 investment more than doubles from $1169 million

to $2693 million and the land use triples to 79320 acres

These large increases are caused by relocating 52240 MW of

generation so that in the 20th year the 61660 MW traveled

an average of 130 miles in reaching demand point as

compared to 23 miles for the dispersed siting arrangement

If the remote generation site were to be seriously con

sidered then high voltage direct current HVDC transmission

would be very competitive option and its use is discussed

in Section 3.47

The results of Cases and indicated that trans

mission investment was increased from $19.0 per kilowatt of

installed generation $1169 million/6l.66 million kW to

$43.8 per kW 2698/61.66 This significant increase

appeared to be due to the use of the remote park site Case

was computed with all of the FAR park site units moved

to within 40 miles of load equal to its total output site

NEAR The results are surprising Case costs go up

not down from $2698 million for the remote site to $2740

million but the land use is reduced to nearly that of the

dispersed sites Cable costs are completely masking the

overhead transmission savings Cables play significant

role in siting around large metropolitan areas and require

further investigation beyond the scope of this study Only

existing 345 kV cable technology was employed in this study

as discussed previously and dc and cryogenic cables would

likely play major roles if an energy park were sited in the

metropolitan area

The significant cable costs in Cases and do not

qualify them as typical of the transmission cost behavior as

generating unit sites are moved from dispersed to near or

far park sites To obtain more general results Cases 1A

2A and 3A Table 3-8 were computed using 345 kV overhead

costs for the capacity previously installed as cable The

dispersed sites Case lA require $747 million investment

the remote siting case more than doubles to $1681 million

while the near park siting cost is only 18% above the dis

persed site cost $878 million
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Incremental Transmission Costs of Parks
Versus Dispersed Sites

The example power pool study presented in the previoussection illustrates how the transmission costs vary as
generating unit sites are changed from dispersed to parksTable 39 sulrlmarjzes the incremental dollar and land useresults of the six cases In Case with 61660 MW of newgeneration capacity averaging 23 miles from point of generation to load $1169 million in transmission was requiredor $19 per kW of generation and 25701 acres of land or0.417 acres per megawatt of generation In Case when52240 MW of this generating capacity was resited half atsite NEAR and half at FAR these 52240 megawatts hadto travel an additional 126 miles on the average requiring$1523 million more in transmission investment $29.2/kw and53619 more acres 1.026 acres/Mw Resiting the FARunits at site NEAR reduced the average additional distance from 126 to 10 miles but increased the transmissioninvestment from $1523 to $1571 As discussed the previous Section 3.4.6 the cable cost increase overwhelmedthe savings in overhead transmission

Cases 1A 2A and.3A result when the cable in theprevious three cases are costed as overhead circuits Thedispersed siting transmission costs drop to $l2.l/kwMoving the units to park sites requiring an additional 126miles for power delivery adds $l7.3/kW of resited capacitywhile using park sites on the average of 10 miles from theloads increases the costs only $2.5/kW The land usageincreases by 1.133 acres per MW when the 52240 MW are movedan average of 126 miles further from the loads while theincrease is only 0.259 acres per MW when 10 mile increaseis made The results from Cases 2A and 3A are comparablewith the incremental costs developed in the USA study discussed in Section 3.5 The dispersed site cost of $l2/kwassumed for all further work is based on the results in CaselA Table 39

3.4.8 Real and Reactive Power Losses

Electrical network flow calculations were performed forthe horizon-year design using dispersed generation sitesCase Table 310 summarizes the results All loads wereassumed corrected to unity power factor no reactive powerrequired and the voltage profile was held at 5% abovenominal voltage at the generating plants and supported at 5%below nominal voltage at the load buses The real powerlosses go from 1.3% to 3.5% of the total generation as the
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Table 39 Incremental Transmission Investments Per Installed

Generation Capacity in Example Power Pool

INSTALLED INCREMENTAL
GENERATION TRANSMISSION INCREMENTAL

MW MILES $M ACRES

All Dispersed 61660 23 $1169 25701 19.0 0.417

Siting

Two Parks 52240 126 1523 53619 29.2 1026
NEAR1
FAR

Two Parks 52240 10 1571 379 30.1 0.007
NEAR1
NEAR2

All Dispersed 61660 23 747 29391 12.1 0.477

Siting
No cable

Two Parks 52240 126 904 59217 17.3 1.133
NEAR1
FAR

Two Parks 52240 10 131 13519 2.5 0.259
NEAR1
NEAR2

Caution These costs are based on Table 3-1
1974 costs which in April 1975
appear 1/2 to 1/3 of present costs
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Table 3-10 Electrical Energy Losses at Peak Load with Two Completed
Energy Parks

CASE LOAD GENERATION LOSSES PERCENTAGE

MW MVAR MW MVAR MW MVAR REAL REACTIVE

Dispersed 85091 86200 4497 1108 4497 13% 5.8%
Sites with

cable

Energy Parks 85091 88143 13375 3052 13375 3.5 15.2
at Near and
Far sites with
cable

Losses in percent of generation
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sites are moved an additional 126 miles from the loads The

increased losses due to remote siting are included in the

economic analysis However as the loads vary throughout

year the average losses will be lower than the peak load

condition study of the network flows and losses at

several of these load levels would be necessary to com

pletely determine the increase in.annual energy losses due

to the change in siting study of this type is beyond the

scope of this work It was estimated that the total annual

energy losses would increase 1% of the energy generated per

100 miles of average distance from generation to load

The reactive power losses in Table 3-10 change from 4497

MVAR capacitive to 13375 MVA inductive total change of

17872 MVAR In the dispersed case the cable network is

supplying capacitive power which must be matched by induc

tive loads such as installed reactors In the energy parks

case the heavy loadings on the increased amount 765 kV over

head lines creates excess inductive power which must be

matched by capacitive power at the receiving terminals The

terminal costs in Table 31 include the necessary reactive

compensation for the dispersed case 50 mile terminal and

capacitive compensation for the park case 250 mile terminal

The reactive power supply problem which deserves care

ful study as specific energy park proposal is evaluated

is not technical barrier to energy parks

34.9 HVDC Transmission Application

The use of HVDC to connect the output of two generation

complexes at remote energy park is shown in Figure 3-9

Two overhead dc lines are connected through highspeed

switches or dc circuit breakers to providrm transmission

in the event of transmission tower loss Each ac bus

is connected to bipolar converter station and the poles

are connected so that pole from each station is connected

to each line This is important in establishing the per

formance during severe contingencies Under permanent

line loss methods have been developed to clear the fault

reclose to test whether it was permanent or transient

fault and if it is permanent to connect all terminal equip

ment on to the healthy line It may be noted that only the

sending dc terminals are shown and that similar substation

arrangement would be at the receiving end of the line Such

switching sequence canbe completed in one second or less

The machines would accelerate during the fault by approxi

mately 5% for the connection as shown if the unaffected

poles continue to transmit their rated load However

shorttime overload of 60% would reduce this overspeed to

about 3% and higher short-time second overload could

further reduce this overspeed

345



OVERHEAD OVERHEAD
LJNE LINE

Figure 3-9 Illustrative HVDC Terminal and Line Arrangement
at Two Buses of an Energy Park
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The thermal rating of these overhead lines would gen
erally match the overload condition since the economics of

conductor size selection generally provide this capability

During the overload condition the total line loss would be

doubled but all generation would be connected

Additional generation complexes could be connected to

bipolar dc lines in similar fashion to permit transmission

of any desired proportion of the energy park output over dc

lines In addition by tying other dc poles from the ac

buses of other generation through appropriate switching it

would be possible to redistribute the line loadings after

first permanent line outage to mitigate the effects of

second contingency

Using dc for power delivery from an energy park can

provide reliable transmission system with less total lines

than required for ac alternatives These savings will

depend on the specific context of the application requiring

studies beyond the scope of this preliminary investigation

3.4.10 Conclusions

The transmission expansion for power pool will be

significantly affected by the distance from generation to

demand and only slightly affected by clustering the units

at park as compared to dispersing them at the same dis

tance to the loads

The three 20-year expansion examples illustrate that

network growth can proceed in an orderly manner using either

dispersed or park sites
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3.5 TRANSMISSION COSTS FOR PARI SUISPERSED SITES
COMPARI SON

3.5.1 Overview
The economic comparison of parks and dispersed sites in

Section includes the effects on power delivery costs The
data used in this comparison are presented in Table 3Il
and their development will be traced in the following
sections

The investment cost data in Table 311 includes the

costs of bringing transmission circuits and terminals into
service as generating capacity increases For example each
kilowatt of generation installed an average of 25 miles from
its demand requires $14 of transmission investment US

average at January 1975 costs The $14 per generation
kilowatt at 25 miles is bulk power delivery network value
only and does not include investments in circuits used for
subtransmission and distribution

Park siting on the average of 75 miles from the demand
increases the investment cost in Table 3-11 to $21 per KW of
installed generation An additional 100 miles of distance
increases the costs $14 so that parks 175 miles from the
load require $35 of transmission per KW of generation

The payments for these transmission investment are
assumed for study purposes to be 30% three years prior to
the inservice date of the power generator another 30% two-
years before service and the final 40% invested the year
before the inservice date Since labor and material may
have different inflation rates the total investment was
split into two equal parts reasonable assumption in 1975

Land requirements for transmission routes are shown as
acres per megawatt of new generating capacity in Table
3-11 Dispersed sites averaging 25 miles from the load
require 0.8 acres per 1000 KW of installed generation as
U.S average As units are sited further from the load the
land requirements increase at the rate of 12 acres per
megawatt per 100 miles

The depreciation charge for transmission was included
so that cash flow values could be computed from values that
include depreciation Fortyyears is typical industry
estimate for book depreciation

The operating and maintenance costs for transmission
include two items energy losses and an investment dependentOM charge The losses in delivering power from generation
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Transmission Data for Economic Analysis

The following data are used in the economic analysis of

dispersed versus park siting of generating equipment

Investment Cost Data

Transmission investment in January 1975 dollars

per kilowatt of generation $/KW Land not in
cluded

/KW

14.0 Dispersed siting 25 miles
21.0 Park siting near loads 75 miles
35.0 Intermediate siting 175 miles
49.0 Far siting 275 miles

Payment schedule during construction per unit of

total assumed for study purposes

0.30 Three years before inservice data

0.30 Two years before inservice data

0.40 One year before inservice data

Division of material and labor costs assumed for

study purposes

0.50 Labor per unit of total cost

0.50 Material not including land per unit of total

Land requirements acres per megawatt of gener
ating capacity

Acre/MW

0.8 Dispersed sites

1.4 Parks at near sites

2.6 Parks at intermediate sites

3.8 Parks at far sites

Depreciation charge for transmission

2.5% representing 40 year life

II Operating and Maintenance Costs

Losses of energy per energy generated MWhr
losses/MW-hr generation

0.080 Dispersed sites

0.085 Parks at near sites

0.095 Parks at intermediate sites

0.105 Parks at far sites

Operating and maintenance charges OM$/Trans
mission Investment

0.02
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to the customers load are currently running about 8% as

indicated by reports to the FPC That is the total elec

trical energy generated and the energy deUvered at the

customers meter differ by 8% of the total generated Of

this amount approximately 3% is energy dissipated on the

bulk power transmission system These bulk power losses

tend to increase an additional 1% of total generation for

every 100 miles increase in distance between generation and

load The investment dependent operating and maintenance

charge of 2% represents expenditures for the operating and

maintenance personnel and materials based on industry

values from 1.5 to 2.5%

These values in Table 311 were used in comparing

dispersed versus park sites and were developed from general

industry data and model of 59 parks and 340 load locations

in the U.S.A as described in the following section

3.5.2 Investment Cost Study

Developing average transmission investment costs for

energy parks was accomplished by mapping out the trans
mission circuits necessary to move energy from 59 repre
sentative park sites in the continental United States
These park sites were assigned to the six regions used in

the 1970 National Power Survey Figure 3-10 Only one year
was studied the year in which the load growth equalled the

combined output of 59 parks 1134000 megawatts This load

was distributed among 340 locations guided by the load

forecasts in the 1970 National Power Survey No existing
load generation or transmission data were included in order

to contain the study to manageable dimension This very

conceptual model requires the assumption that existing

generation and transmission will serve the existing corn

ponent of the future load while the load growth will be

totally served by new generation in parks and connected to

the major load centers by new transmission circuits This

assumption tends to overstate the amount of transmission

required for remote park sites However its encouraging
that the $/KW values determined from this U.S.A model are
consistant with the $/KW values derived in the more detailed

power pool example of Section 3.4.6

Table 3-12 summarizes the transmission expansion re
sults for the six FPC regions and for nine individual parks
selected to represent wider variation in average distance
from generation to load center The Northeast region in
cluded ten 26 gigawatt parks which were sited so that an
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TABLE 3-12

DATA FOR TRANSMISSION COST AND LAND USE ANALYSIS

CIRCUITS ADDED INCREMENTAL

LOCATION PARK-GW GW-MILES MILES KV MILES NO KW ACRES/MW
10 11

Northeast 260 15270 59 500 4251 102
765 3762 83 7.6 6.6 4.2 0.7

East Central 234 22160 95 765 8921 168 13.3 12.2 8.2 1.0

Southeast 312 34300 110 500 25284 324 12.5 9.5 5.1 1.7

Southeast 312 34300 110 765 14519 205 15.2 13.8 9.0 1.2

West Central 208 24270 117 765 10030 112 14.9 13.4 84 1.2

South Central 234 29830 128 765 15958 190 21.2 19.1 12.1 1.7

West 312 44170 142 500 8364 107

765 15074 121 18.4 15.9 9.4 1.8

Park 26 2797 108 765 1419 19 17.4 15.7 10.1 1.4

Park 19 26 1048 40 765 453 14 71 6.6 4.8 0.5

Park 32 26 3655 141 500 2898 37 17.1 12.9 6.9 2.4

Park 32 26 3655 141 765 1751 24 21.5 19.5 12.5 1.7

Park 39 26 1452 56 765 703 12 9.0 8.2 5.4 0.7

Park 50 26 3270 126 765 2393 27 28.4 25.6 16.0 2.3

Park 56 26 10545 405 765 5553 35 61.3 54.9 32.7 5.4

Park 63 26 3547 136 500 1994 19 12.0 9.1 4.9 1.6

Park 66 26 4747 183 765 2129 16 23.9 21.5 13.0 21

Column computed using Eastern U.S line costs

Column computed using Western U.S line costs

Column 10 computed using Central U.S line costs
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average unit of power traveled 59 miles to reach the load
Two different maximum voltage levels are currently in use in
this region and these were expanded in the study by adding
102 500-Ky circuits with total of 4251 circuitmiles and
83 765Ky circuits 3762 circuit miles Using the costs of
Table 3-1 and dividing by the 260 GW of installed generation
resulted in $7.6 of transmission investment per kilowatt of
generation if this expansion were made using 1974 average
costs for the Eastern U.S If the same spatial relation
ships of load and generation were encountered in the Western
U.S the lower mile and terminal costs would reduce the cost
to $6.6/Kw Using Central U.S costs reduces the average
still further to $4..2/KW The average load requirement for
the combined use of 500 KV and 765 KV is 0.7 acres per 1000
KW Thus for the Northeast with 260 GW and using Eastern
costs $1986 dollars uninflated January 1974 and 182
million acres are invested in transmission Recall the
dollar investment does not include land costs

The East Central Region was studied with nine parks and
only 765 Ky Table 3-12 The Southeast Region was studied
with twelve parks and 500 KV and then again with only 765 KV
to gauge the difference in costs indicating that dollar
requirements without land increase but land requirements
decrease The West Central Region study include eight parks
and 765 Ky the South Central Region nine parks and 765 KV
and the West twelve parks and combination of 500 KV in
California and 765 KV elsewhere

The incremental values in Table 3-12 were combined with
base dispersed site quantities of $l2/KW and 05 acres/MW
taken from Table 3-9 Case 1A and then plotted in Figures
3-11 and 3-12 These figures relating investment cost and
land use to average power delivery distance aided in se
lecting the $/KW and acre values shown in Table 3-11
Originally Table 3-lJ was to show 1974 costs but near the
end of the project it was necessary to increment these to
January 1975 20% increase was used based on preliminary
data on the cost of transformers steel aluminum and labor
The resulting dollar quantities are for this study only and
vary widely by location For example overhead transmission
costs increase threefold when suburban construction is
primary component

For this study it has been assumed that aggregating
generating capacity at park will increase the average
distance from generator to load

One other assumption needs to be emphasized the use of
the values in Table 311 implies that transmission invest
ment increases linearly with the installation of generation
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To confirm this assumption the linear cost line was graphed
in Figure 3-13 along with the year-by-year investments

found in the example power pool study of Section 3.4.6 The

transmission investment jumps above the linear cost line for

the first two units and then slowly settles back to it The

dispersed siting alternative also rises above the straight
line approximation Therefore the transmission difference
between parks and dispersed sites was judged to be pro
portional to generation capacity for the purposes of this

study

3.5.3 U.S.A Energy Park Model

To estimate the relationship of transmission investment
to the power delivery distance 400 location model of the

continental U.S was developed from the 1970 National Power

Survey These locations were described by their latitude
and longitude coordinates The 340 load locations were also

given loads proportional to those forecast for 1990 and

adjusted so that the total in each region matched the total

capacity of the parks in the region The same computer
program that was used for the 20-year example power pool
expansion of Section 3.4 was also used for this one year
expansion of six regions The power pool study included the
existing power system while the U.S study included only new

generation with load growth to match and no existing trans
mission Existing loads generation and transmission were
excluded from the model The results give first order
indication of the amount of additional transmission that
would be required to serve electrical loads from energy
parks located in almost every conceivable relationship to

these loads

3.5.3.1 PARK SITING FOR STUDY PURPOSES The exact
study procedure can best be understood by describing the

overall principles involved for all six regions and then
tracing through the details for one of the six regions
Region East Central

The first task was to apportion sixty 60 energy parks
throughout the USA on 9onal load basis as indicated by
the FPC Forecast for 1990 This apportionment was done
on preliminary basis and then refined during the siting
process resulting in the fifty-nine 59 parks shown in

Table 3-13

The following seven general considerations were used in

choosing the sites
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Table 3-13 Number of Energy Parks in Each Region

FPC 1990 REGIONAL INITIAL PARK FINAL PARK
REGION LOAD FORECAST DISTRIBUTION ASSIGNMENT ASSIGNMENT

GW PER REGION PER REGION

164.7 16 10 10

148.0 14

211.9 20 12 12

128.6 12

18L8 17 10

216.4 21 13 12

TOTAL 1051.4 100 60 59
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Availability of cooling water
Availability of coal
Location of major loa6 centers
Distances between proposed sites
Utility preferences for future generation per FPC

Report
Topographical aspects affecting transmission paths

from the site
Transportation

For Region East Central the first task was to

obtain good size working map of the area fortunately this

region was amply covered by map published by the ECAR

utility group East Central Area Reliability This map
shows the principal power supply facilities existing and

authorized January 1970 An overlay tracing from this

map was made and the load centers as listed for Region
from the FPC report were placed on the tracing There were

total of seventy some were on the original ECAR map many

were not

Aeronautical charts were then used to find the latitude

and longitude of the individual load centers and these data

were listed for submission to the Transmission Network

Expansion Planning computer program The charts also aided

in assessing the impact of topographical features affecting

site location and transmission paths

Next rough approximation was made for the location of

park sites by examining the water resources in the Region

area and coal resources list where or parks each

could be located would be

Southern Lake Erie area
Western Lake Huron area
Eastern Lake Michigan area
Ohio River and tributaries
Indiana coal field area

These areas are shown shaded in Figure 314 together

with load centers designated by circles whose radii are

proportional to FPC 1990 levels and also to the year 2000

load levels for this study The larger loads were related

to the 26 GW parks yielding rough idea of preferred sites
Since it was established that parks were required they

were set down on the Region map generally in dispersed

manner For example where subregion like the Detroit

area required two plants these were kept apart Care

was taken to see that the sites in adjoining FPC regions

were not located close to sites in this region
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process of setting down these proposed sites

the FPC report for Region was canvassed for future gen

eration sites For Region some definitive sub-regional

locations had been listed These sites influenced the site

selection process

At this point aeronautical charts were consulted for

those topographical features in the general site areas that

might prove troublesome for the transmission line right-of-

way such as mountains bodies of water heavily populated

areas and wildlife and nature preserves With all of the

above in mind the first site choice in the Region area

Park 18 was made for and in the general Pittsburgh area

An exact site location iS required and the Ohio Riverarea

west of pittsburgh was canvassed and the coordinates 80.58

LONG 40.42 were selected This particular site allows

straight unencumbered path to the pittsburgh complex and

also the AkronCleveland area It should be pointed out

regarding this particular choice of site coordinates that

sites equally suitable were available at least miles up

and down the Ohio River Much of the data envolved in the

total study would be invariant to small changes in site

location In many cases the exact location was chosen

because of the proximity of railroad terminal

The next two sites in the Region area parks 19 and

20 were both chosen for their relationships to the water

and load criteria of the Southern Lake Erie region The

site for Park 19 northeast of Cleveland on the lake shore

provides service for the Cleveland Akron and Youngstown

loads The site for Park 20 southwest of Toledo was pulled

back from the immediate lake area to allow relatively

unencumbered path to the Detroit load area and be somewhat

closer to the park sites contemplated for the western por

tion of Region In similar and iterative manner the

remaining park sites for Region were chosen and these are

presented in Figure 3-15

In summary these site choices utilize the water and

energy resources of Region and are in reasonable context

with major load centers and each other Future generation

plans of the local utilities have been factored into the

siting process particular care was taken regarding the

topographic features of Region to the extent defined by

the sectional aeronautical charts

After the site choices were made several possible

transmission routes were drawn to the major load centers

involved The load centers were also interlaced with many

possible transmission routes As before these interconnec

ting routes were chosen with respect to topographic features
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3.5.3.2 PLANNING PROCEDURE Once the locations of
generation and loads were defined along with the many possi
ble routes for transmission circuits the Transmission Net
work Expansion Planning computer program structured net
work with sufficient transmission capacity The tests for
sufficient transmission capacity included these conditions

normal dispatch schedule with all plants opera
ting at full output dispatch is detailed
listing of output from each generating unit and
the demand at each load
For each park double contingency dispatch with
one large unit 1300 MW out with makeup power
supplied from the load area simulating planned
maintenance plus one bus 5200 MW out with 100%
from external ties simulating sudden outage and
total makeup from outside the region an assump
tion meant to maximize the amount up tie capacity
During the normal dispatch the loss of the two
heaviest loaded transmission lines away fror each
plant
During the normal dispatch the loss of any trans
mission line in the system

The Transmission Network Expansion Planning program
computed the necessary network for the condition with all
parks fully developed and serving total load equal to the
installed generation This procedure when repeated for each
of the six regions resulted in 533 500-ky circuits and 674
765-ky circuits on the routes shown in Figure 3-15 the map
of the U.S with 59 energy parks The result is an inter
connected grid of 500 kV and 765 kV circuits linking parks
to load centers parks to parks and load centers to load
centers Interconnections between the regions were also
planned so that capacity of neighboring systems would be
available for assistance in case of the sudden loss of 5200
MW the capacity of one bus at park The model in Figure
315 gives 59 sample park siting situations and their re
sulting transmission requirements It is not intended as
possible plan of development for the U.S or any region

3.5.3.3 TRANSMISSION INCREASE FOR AN ENTIRE PARK OUTAGE
The effect on transmission investment if planning to operate
through the peak load period with one park entirely out of
service was studied by increasing the planning requirements
to include bringing 100% of the park capacity from the
interconnection points This was included for each of the
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ten park sites in the Northeast with the results tabulated
in Table 3-14 Increasing the outage from 5% to 10% of
the new installed capacity increased the transmission in
vestment by 10% and the land requirements by 11% Not
allowing for any capacity pickup in the region is an ex
tremely expensive transmission assumption putting an upperbound on the increased investment needed to give the flexi
bility to operate after an entire park outage
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Effect of Outage Magnitude on Transmission Costs

CIRCUITS ADDED INCREMENTAL PERCENT INCREASE
OUTAGE KV MILES NO $/Kw ACRES/MW $/Kw ACRES/Mw

Northeast 500 4251 102
Unit Outage 765 3762 83 7.6 071 0.0 0.0

6500 MW 2.5%

of regional
capacity

Northeast 500 4897 123

Park outage 765 4105 87 8.4 0.79 10% 11%
26000 MW 10%

of regional
capacity
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SNT OF ENERGY PARKS VS
DISPERSED ELECTRIC POWER GENERATING FACILITIES

NUCLEAR ASPECTS

4.1 SUMMARY

Study Basis

The presently developing nuclear industry is reviewed as

representative of dispersed mode generation and support facilities

It is reviewed in the light of recent regulatory developments con
tinuing unclosed fuel cycle no plutonium recycle and rapid rise

in construction costs in particular Those aspects of this industry
which could potentially be affected by adoption of park or integrated

facility development in the future are identified and the more pivotal
of these evaluated overall The evaluation is conducted recognizing
the importance of relating any potential future park type development
to the present dispersed mode The evaluation is encumbered by the

long parks implementation time scales involved typically through the

year 2015 This makes for great uncertainty and the need for maxi
mum flexibility in any park plans

Two positive aspects of parks as an alternate to dispersed genera
tion appear to be the potential for closing and integrating portions of

the fuel cycle and the scope for construction economies in multi-unit

light water reactor LWR facilities Less clearly definable impacts
include the effects on nuclear facility licensing site acquisition

facility ownership and operating organization structure These pre
dominantly socio-financial issues have been pursued in some depth
in parallel study Task

1.2 FUEL CYCLE INTEGRATION The conclusions from the work of

this present study are that ultimately substantial benefit to the nuclear

fuel cycle and safeguards might be derived from integration of spent
fuel recovery and plutonium fabrication facilities at one site Still

further benefit might be gained by the planned introduction of dedicated

ttplutoniurn burner1 or PuB type reactor parks with integral reprocess
ing facilities these to operate in conjunction with existing and planned

dispersed generation facilities in the same region or powershed All

plutonium handling and recycle would then be within the park No
minimumfeasible size for the proposed PuB parks has been identified

however unit LWR site 5000 megaWatts electrical MW couplxl
wUh 500 metric tonne per year MT/yr reprocessing facility and

MT metric tonne 1000 kg 2205 lb
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10 to iS nearby dispersed site LWRs has been appraised Thus

capital commitments at single PuB site might be held to under

$3 billion in 1975 dollars

1.4.4 ECONOMICSO Fuel cycle economies

of parks five to ten times this size are not expected to exceed

mills/kWh and desirable flexibility may be lost through the loss of

diversity in national commitment to such scale of endeavor On

the other hand relative to present dispersed mode LWR installations

major construction economies may only become apparent for postulated

large fully standardized plant parks 10 000 to 25 000 MWe the

practicality may depend on restructuring of the industry Flexibility in

more modest to unit PuB site development may be achieved

through an initial commitment for spent fuel storage alone with

other stages of recovery PuB reactors construction and plutonium

recycle to follow later when proven economic

4.1.3 Future

Follow-on program requirements have been identified and include

more rigorous site and system specific studies particularly modular

construction economies and in-depth technical analysis of the LWR

plutonium burner concept and its detailed economic and safeguards

worth

Further definition of the many current regulatory uncertainties

and in-depth appraisal of the true magnitude of various elements of

the presently perceived safeguards threat are also necessary

particularly as organized pilfer while less spectacular than armed

intrusion is suggested as potentially the more significant factor
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OVERVIEW

Introduction

The nuclear industry has been developing since the 1954 Atoms
for Peace legislation of the Eisenhower administration Much of

this civilian nuclear power development has focused on low enrich
ment light water reactor systems The concept of

closed nuclear fuel cycle for these systems in which plutonium pro
duction would temporarily recycle or directly feed to subsequent

generation of fast breeder reactors was established not too long

thereafter This then is the theme under which the nuclear power
industry has developed for two decades It has done so in the foot

steps of the fossil fired power plants utilizing dispersed generation
sites and individual unit sizes comparable with those for its fossil

fired precursors and competitors up to 1300 MWe

Contrary to the plan however nuclear plants have not yet closed

the fuel cycle This together with several other developments or

variations from plan serve to make the current effort to appraise the

concept of energy parks vs the existing dispersed siting particularly

appropriate appraisal These added considerations are listed in

Table 4-1

Table 4-1 Current Situation Nuclear Generation Siting

200 DISPERSED NUCLEAR GENERATION SITES COMMITTED
POTENTIAL DOUBLING OF SITE REQUIREMENTS EVERY 10 YEARS

THIS BEFORE CONSIDERATION OF FUEL CYCLE FACILITIES

AVAILABLE FRESH WATER RUNOFF CAPACITY FOR ONCE THROUGH
COOLING STRAINED BY PRESENT FOSSIL AND NUCLEAR GENERA
TION UNDER RECENT WATER QUALITY ACT

PLANT CONSTRUCTION COSTS RISING UNACCEPTABLY DUE TO

DETERIORATING LABOR PRODUCTIVITY LIMITED STANDARDIZA
TION ETC

CONCERN OVER POSSIBLE UNAUTHORIZED DIVERSION OF

SPECIAL NUCLEAR MATERIALS NOW EMERGING

ENVIRONMENTAL CONCERN OVER POTENTIAL EFFECTS OF TRACE
QUANTITIES OF ACTIVE MATERIALS FROM THE NUCLEAR FUEL

CYCLE CONTINUES IN DEBATE

COMMERCIALIZATION OF THE FAST BREEDER REACTOR THE

PREFERRED ULTIMATE RECIPIENT OF PLUTONIUM FROM WATER
REACTORS NOW SUBJECT TO DELAY POSTI99O
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While the fundamental concept of grouping generation facilities

together in an energy center or park is not novel two potential
features are of particular relevance to the nuclear industry at this

time

Opportunities to integrate various portions of the nuclear
fuel cycle at given site thus minimizing special nuclear
material shipments

Opportunities for major construction economies to halt the

rising capital cost trend through stabilized labor force
and use of novel modular assembly and construction techniques

Each of these opportunities has been investigated in some depth in the

present study This has been done recognizing the large array of

options or alternates both with regard to fuel cycles the associated
reactor systems and the park configurations in which they might
reside Table 4-2 Key cases have been compared on parks basis
with estimates of what is expected to result from continuation of the

present dispersed mode of plant construction Throughout the study
it has been recognized that the original theme of early closure of the
nuclear fuel cycle and synergistic relationship with the fast breeder
reactor is at minimum subject to question prior to the period
1990-2000 In fact it has become apparent that the fuel cycle costs
for the light water reactors LWRs may now be no more expensive
with prolongation of the present interim storage of unreprocessed
spent fuel than with the prior planned prompt reprocessing and plu
tonium recycle This is direct result of plutonium facility uncer
tainties and increases in unit cost estimated for reprocessing and

plutonium fabrication

The overall approach of the study is illustrated in Figure 4-1
The present basis of the industry was reviewed the current dispersed
mode characterized and its problems identified The potential of

parks was scoped out and in turn its potential problems appraised
Alternate park configurations were developed and cost comparison
of parks vs dispersed sites compiled Throughout the effort it was
recognized that many qualitative considerations such as institutional
social and environmental factors must ultimately enter into the
evaluation along with the present quantitative cost data

Later sections of this report provide documentation of significant
findings developed in the course of this study regarding the present
status of commercial power reactors their anticipated trends their
fuel cycles the fuel processing and plutonium fabrication technologies
waste management transportation environmental and safeguards
aspects and power plant costs and improved construction
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Table 4-2 The Nuclear Fuel Cycle Alternates and

Park Configurations

PRESENT INDUSTRY BASIS

URANIUM FUEL CYCLE LOW ENRICHMENT LIGHT WATER CONVERTER

REACTORS LWR GENERATING PLUTONIUM FOR RECYCLE AND

LIQUID METALCOOLED FASTNEUTRON BREEDER REACTORS

LMFBR

PLANTS CONSTRUCTED IN DISPERSED MODE WITH SEPARATE
CENTRALIZED RECOVERY AND PLUTONIUM FABRICATION
FACILITIES PLANNED

INTERSITE SPECIAL NUCLEAR MATERIALS SHIPMENTS
SAFEGUARDED

GOVERNMENT OPERATED RADIOACTIVE WASTE DISPOSAL SITES

FUEL CYCLE ALTERNATES

ACCELERATED EVOLUTION TO AN LMFBR NUCLEAR BASE

DEVELOPMENT OF IMPROVED CONVERTER THORIUM SYSTEMS

LWR BASED LIKE LIGHT WATER BREEDER REACTOR LWBR
HTGR HIGH TEMPERATURE GAS-COOLED REACTOR
HEAVY WATER REACTOR

PREFERENTIAL RECYCLE OF PLUTONIUM INTO THORIUM SYSTEMS

INDEFINITE STORAGE OF LWR SPENT FUELS AND MAJOR
EFFORTS TO EXPAND URANIUM SUPPLY RESOURCES SEA WATER

ALTERNATE PARK CONFIGURATIONS

INTEGRATED FUEL CYCLE FACILITIES IFCFs

COMBINED REACTOR AND FUEL FACILITY PARKS

COUPLED DISPERSED GENERATION WITH DEDICATED
PLUTONIUM BURNER PuB PARKS

LARGE PARKS WITH MAJOR ONSITE REPETITIVE ASSEMBLY
AND CONSTRUCTION CAPABILITIES
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MO2 REPROCESSING/FABRICATION R/F

OF PA KS RGON

CU

CLOSE FUEL CYCLE ONSITE
SCARCITY VS Pu RECYCLE SINGLE DUAL REACTORSNOVEL CONSTRUCTION ECONOMIES

ENVIRONMENT HUNDREDS OF U.S SITESSTABLE LABOR
COST-BENEFIT SERVE SMALL LOCAL LOADSLESSEN Pu-U2 SHIPPING
REGULATIONS TASK LAND WATER NEEDSSECURITY AREA

SAFEGUARDS MORE BUT SHORTER TRANSMISSIONCOLOCATEDINDUSTRIESTASKE WASTE MANAGEMENT SITE VISIBILITY

RADIATION DOSES LARGER CHEAPER R/F
____________________ ACCIDENTS EMBRYO PARKS HANFORD TVA

PARK PROBLEMS TRANSPORTATION

THERMAL DISCHARGES_ TASK

SPENT FUEL ONSITE VS CENTRAL
SCARCITY IF CANT SHIP Pu BACK

SIZE OF AGGREGATIONS ADAPT LWR R/F FOR FEW LMFBR
COOLING MODES TASK

NO R/F INDUSTRY FOR HTGR
NUCLEAR FUEL CYCLES RISING COSTS

POWER ONLY
STANDARDIZATION

POWER AND R/F SAFEGUARDS
PuB POWER AND R/F

LWR LMFBR HTGR MIXES
SUPERMODULE CONSTRUCTION
FIELD VS SHOP CONSTRUCTION
ADVANCED TECHNOLOGIES__ TASK

TASK

COST COMPARISONS

ASSUMPTIONS UNIT SIZES MULTI-UNIT FACTORS GROWTH CURVE
VARIABLES NO SIZE OF UNITS COOLING MODES
INITIAL INVESTMENTS
POWER GENERATION COSTS
NONOUANTITATIVE SOCIAL ENVIRONMENTEPR DC ESS IN C/F ABRIC ATION

FACILITIES

FINDINGS RECOMMENDATIONS

PREFERABLE ALTERNATES FOLLOWUP STUDIES
UNCERTAINTIES FEASIBILITY
SENSITIVITY FACTORS TASK CONSTRUCTION ECONOMIES
MINIMUM SIZES LOGISTICS
TIMING

UTILITY/LOCATION VARIABLES
PLUTONIUM BURNER CONCEPTS STATE/REGIONAL FACTORS
R/F INDUSTRY STEPWISE ACTION PLANS COSTS ALTERNATES

Figure 4-1 Flowsheet Nuclear .Aspects Study
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4.2.2 Conclusions

The outcome of the evaluation is then set of findings and recom

mendations the most important conclusions from which are

There are no technical problems preventing the construction of

nuclear parks using essentially the same approach as those

developed for dispersed generation Indeed they may permit

improved nuclear material safeguards and earlier closing of the

LWR fuel cycle long planned for but as yet not accomplished

They may require additional waste processing for the combination

of all facilities to meet As Low As Practicable ALAP site re

quirements Separate reactor plants in the park rather than dual

reactor plants may in fact reduce the risk of reactor safety

interaction problems

The introduction of integrated fuel cycle facilities IFCF and

energy parks to operate in conjunction with todays dispersed

light water reactors can reduce special nuclear material trans

portation risks In the limit the plutonium burner PuB park

concept may permit elimination of offsite Special Nuclear

Material SNM shipment The PuB concept involves dedicated

plutonium enriched reactors located at sites together with fuel

recovery and plutonium fabrication These fuel facilities are

sized to handle all plutonium bearing fuels from the integrated

complex of dispersed units plus the PuB site Such sites might

be as small as unit dedicated LWR complex 500 ton/yr

processing facility and associated plutonium fabrication coupled

with surrounding array of possibly to 12 dispersed genera

tion mode LWR5 Further technical evaluation is required and

the demands for many small installations on material and man

power resources needs further review

Nuclear generation economics are dominated by the construction

cost component and substantial savings may be possible in this

area for large parks in an idealized case- -full standardization

major lift capability and concrete or steel/water modular

construction By comparison nuclear fuel cycle costs may

increase for small PuB parks relative to current target costs

due to loss of economy of scale Such effects will have less

than 5% impact on total generation costs however

While even small plutonium burner parks will permit extensive

fuel cycle integration very large parks of 20 or more 1300 MWe

units may be required for the attainment of significant construc

tion economy It is questionable if the latter is practical from
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social political and financial considerations Furthermore
relocation of the site assembly area and module lift capability

every to units may be necessary

There appears merit for further consideration of the early
designation of plutonium burner park sites with Ureverse

priorities site development approach i.e

Immediate future LWR spent fuel storage
10 to 15 years Processing for uranium recycle
10 to 25 years Dedicated PuB sites

This reverse priority sequence implies some flexibility on the

date of major fuel reprocessing It is financially of little or no
added burden at present to continue the storeaway mode for LWR
It permits further resolution of safeguards issues and provides
time for the technology and financing arrangements to adjust to
the new business and social environment In time econmic
pressures will lead to recycle of at least the uranium in spent
fuel l0% of that mined and entering the fuel cycle longer
time span to plutonium burner operation reflects similar reason
ing arid in addition provides flexibility regarding the direction of

the breeder program and its development as the preferred user
of plutonium

The safeguards issue has basic impact on the park vs dis
persed generation question It is still considered to be in

fluid state Risk of violence based on threats of radioactive
material dispersal may prove as burdensome as those regard
ing nuclear detonation Thus plutonium in nuclear facilities and

transportation as the material source for overt action could be

only temporary focus in 1975 Organized pilfering from within

may prove less tractable problem than armed robbery or intru
sion It would shift the focus of safeguards effort to the less

glamorous methods of extreme inventory control and away from
proliferation of armed guards

The above conclusions are summarized together with follow-on

suggestions in Tables 4-3 and 4-4
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ThblI3ummYthflg5Nuclear Aspects

FUEL CYCLE INTEGRATION PROMISING

PARTIAL THROUGH IFCFs INTEGRATED

FUEL CYCLE FACILITIES
MORE COMPLETE THROUGH PARKS

INTEGRATION WITH PRESENT DISPERSED LWRs ACHIEVABLE

THROUGH PuB PLUTONIUM BURNER CONCEPT OF

DEDICATED PARKS FOR PuB REACTORS

SMALL PuB PARKS E.G 1300 MWe FEASIBLE BUT

LARGE PARKS 10 TO 20 1300 MWe MAY BE REQUIRED

FOR SIGNIFICANT CONSTRUCTION ECONOMIES

SOME MERIT TO STUDY EARLY DESIGNATION OF PuB PARK

SITES WITH REVERSED PRIORITIES

NOW LWR SPENT FUEL STORAGE

10 TO 15 YRS REPROCESSING AND RECYCLE

10 TO 25 YRS PuB REACTORS IN DEDICATED PARK

NUCLEAR GENERATION ECONOMICS DOMINATED BY LWR

CONSTRUCTION COSTS DELAY IN REPROCESSING/RECYCLE

5% EFFECT

ORGANIZED PILFERING MORE SIGNIFICANT SAFEGUARDS

THREAT THAN ARMED INTRUSION THUS FOCUS MAY

CHANGE

FROM TO

SITE TRANSPORT REFINED MUF MATERIAL

GUARDS UNACCOUNTED FOR ACCOUNTING

FENCES ALARMS LESS PERSONNEL ACCESS

NUCLEAR POWER ALL RADIOACTIVE MATERIAL

FOCUS SOURCES

LARGE CENTRALIZED SMALLER DIVERSIFIED

SITES SITES
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Table 4-4 Follow-On Program Plan

BUILD RECOGNITION OF PROJECT IMPORTANCE

PUBLIC UNDERSTANDING OF PLANNING FOR
NUCLEAR INSTALLATIONS

INDUSTRY CLARIFICATION OF REQUIRED
FUEL CYCLE CLOSURE ACTION

ESTABLISH MAJOR FOLLOWON ITEMS

TIMING ITEMS FOR RESOLUTION/ACTION PROPOSED PROGRAM

975 CURRENT DATA REVIEW KEY UTILITIES SURVEY
AND CRITIQUING

197677 SPECIFIC UTILITY PREPARE ALTERNATE
EVALUATIONS SITE DEVELOPMENT

SCENARIOS

1976 ROLE OF PLUTONIUM CONCLUDE EPRI
DENATURING STUDIES

1976-77 ROLE OF PLUTONIUM BURNERS VENDOR DESIGN
FEASIBILITY STUDIES

1978 PuB OR ALTERNATE SELECTED UTILITIES
DEFINITION PREPARE PuB PARK

PLANS

197879 PARK SITE DEVELOPMENT SPECIFIC UTILITY
SITE COMMITMENTS
LICENSING

4-12



It is fundamental to this study of parks versus dispersed genera
tion that analyses should extend over time period at least equal to

the likely range of construction and generation lifetimes for the pro
posed parks Prior studies have suggested parks of as much as

40 000 MWe of generating capacity and on basis of to units of

approximately 1000 MWe being placed on line per year construction

period alone extending well past the year 2000 is implied With an

operating period extending beyond this the changing operating environ

ment puts the viability of any specific set of assumptions in question

It raises fundamental question of credibility of any analysis of

venture requiring long term predictability of the environment for its

realization The real objective for long term venture such as the

proposed parks is perhaps its ability to adapt with the inevitably

changing environment This tends to strike against standardization

against simplifying assumptions and thus places conventional engin

neering analyses overall in some jeopardy It also leads to questions

about eventual retirement of facilities or even scope for continuing

process of park rejuvenation The complexities of such real life

scenarios are immense Simplifying assumptions for the present

study have been made fully recognizing that alternates are possible

and in many cases equally credible The value of the present

assumptions is that they do permit consistent basis for study and

analysis to be completed They may also permit demonstration of

some of the major areas of sensitivity for parks and for dispersed

sites Further exploration of alternate assumptions particularly

in some of the more critical areas would be an appropriate follow-

up beyond this study

4.2.3.1 TIME SCALE 40 year time span extending to the year 2015

is assumed

4.2.3.2 POWER GENERATION REQUIREMENTS decreasing load

growth rate is served by either parks or dispersed generation and

corresponds to one 1300 MWe base load nuclear unit addition per

year for the years 1985 through 2004 This corresponds to one

small sector possibly 1/30th of the total U.S scene

POWER PLANT TYPES light water dominated scenario is

visualized in which the nuclear industry continues to evolve under

financial and other external pressures and demonstrates increasing

reliability through many tens of large 1000 MWe units accumulat

ing many hundreds of reactor years of sound operating experience

These very same pressures on the industry severely limit the broad

adoption of other reactor types notably HTGRs LMFBRs Light
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Water Breeders molten salt breeders Heavy Water Reactors etc
all of which are potential later candidates for parks as and when
their development has progressed sufficiently

POWER PLANT SIZE All plants to have an approximately
1300 MWe net rating corresponding to standardized LWRs built to

the present ceiling rating of 3800 MWt While it is recognized that

future larger units are anticipated by many this is not considered

first order effect on the major question of parks vs dispersed

generation

POWER PLANT COSTS LWR cost data are comparable with

WASH-1230 cost data and adjusted per the theme of WASH-l345 to

yield base line cost of $457/k We for first unit of two unit plant
To first approximation this unit cost level Is assumed independent
of size over the range 1000 to 1300 MWe It is referenced to Chicago
area construction costs adjustments are required for other areas

with different labor rates productivity and unique site situations

The costs include all indirect construction costs and contingencies
but are subject to escalation and interest during construction from

1/1/75 base line date Figure 4-3 Other site dependent adjust
ments are then applied to this base Costs at the stage of commer
cialization for non-LWR systems are anticipated to be somewhat

higher but this is not judged critical issue for the present parks vs
dispersed generation study

NUCLEAR FUEL continuing availability of uranium and of

separative work from sources is assumed such that LWR net

fuel cycle costs on either storeaway or plutonium recycle basis

approximate 32/million BTU unescalated beyond 1/1/75 base The
actual BWR and PWR core design data were inferred from current

industry sources TRACU reports Costs of uranium

supply are forecast to rise but not dramatically approximately un
escalated factor of beyond the current $l2-to-$15/lb level new
resources and increased volume production be.iing anticipated as

tempering pressure Costs of separation reprocessing and fabrica
tion benefit from technological and volume advances Overall the

LWR nuclear fuel cycle costs are assumed to rise generally in accord

with the overall rate of escalation To first approximation neglect

ing transportation adders these fuel cycle costs which represent

major increase over past industry estimates will be similar for both

parks and dispersed site plants See Figure 4-2 Fuel cycle costs for

non- LWR systems are potentially lower but somewhat uncertain at this

stage of development

For rigorous comparisons best available 1220 MWe BWR
project cost data have been used see Section 11.9
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2. $PABAT1VEWaJ continuing availability of uranium enrich

ment services operated by the Energy Research and Development

Agency ERDA at prices which will reflect increases in operating

costs with time beyond $42 25/kgSWU Separative Work Unit as of

the 1/1/75 base date

IRANIIJM OXTF FUEL FABBEAT Competitive supply of uranium

no higher than $ll2/kgUO2 as of

the 1/1/75 base date

REPROCESSING While costs of the order of $10 to $30/kg have

been assumed in some earlier studies 12 major cost increase to

approximately $160/kg is now considered in order and is used in

this study for the case of fully loaded privately owned 1500 MT/yr

fuel recovery facility This cost level is in 1/1/75 dollars and does

not include provisions for transportation or waste disposal

42 3.10 RECYCLED URANIUM VALUE It is assumed that the recovered

uranium from spent fuel reprocessing will be recycled even though it

has significant 13-236 content It is judged that this most likely

will be intermixed with unirradiated uranium thus diluting the nega
tive reactivity effect of the U-236 Nevertheless the worth of the

recycled uranium is assumed to be 60% of that of unirradiated uranium

4.2.3.11 PLUTONIUM AND ITS FABRICATION Somewhat lesser though

still severe cost increases for fabrication of mixed plutonium uranium

oxide fuel rods have been assumed relative to some earlier studies

i.e cost of $350/kg MO2 1/1/75 dollars for fully loaded facility

in the size range 30-80 MT MO2/yr coupled to reprocessing facility

again without provision for transportation or waste disposal This

together with other LWR fuel cycle assumptions results in break-

even indifferelice plutonium value of approximately $4/g fissile Pu

12 WASTE MATERIAL continuing and exclusive federal role in

the storage of high activity and actinide waste materials is assumed

These wastes will be transported to specially designated federal

location not likely to be associated directly with either park or dis

persed sites The costs of this storage will be no greater than the

equivalent of $130 000 /tonne of spent fuel 0c/MBth whether

these wastes are in the form of processed or unprocessed fuel

13 TRANSPORTATION As yet these costs are not well defined for

special nuclear materials due to the newly developing concerns re

garding the magnitude of the diversion risk In principle cost of

up to $10 000 metric tonne of new or spent fuel is still not signifi

cant burden to the nuclear fuel cycle- -it translates into less than

4ç/MBtu and this cost level is assumed here 1/1/75 dollars
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42 314 SAFEGUARDS Controls for reactors reprocessing fabrica
tions waste treatment and transportation will be per IOCFR73 and

associated Regulatory Guides Spiking or denaturing of plutonium
while presently under study by the Electric Power Research Institute

EPRI General Electric Company and others is not considered
viable alternative or an adequate safeguards response in the assump
tions used for this assessment of parks vs dispersed sites The safe
guards analysis contained in the LMFBR Environmental Statement

WASH-1535 December 1974 14
is utilized as the most definitive data

available at this time

15 REGULATIONS The current revisions of the various

nuclear regulations Title 10 Code of Federal Regulations Regula
tory Guides and pronouncements together with state and local laws
and regulations will be representative of the overall regulatory environ
ment for the nuclear industry for the next several decades see also

Section 4.5.2.2

16 CASES STUDIED full parameter study of possible combina
tions of fuel cycle facilities and numbers of generating units was
simplified by selection of combinations of unit unit and 20 unit

parks and equivalent dispersed generation These unit combinations

were then grouped according to fuel facility configuration and mode of

fuel cycle operatiotis Case number assignments are shown on the

following Figure 4-4 Xs represent illogical positions in the matrix
Blanks represent less important cases not uniquely covered in the

present study

17 CONSTRUCTION DATA All specific data for construction anal

ysis was based on available General Electric BWR/6 plant design in
formation published in GESSAR 35 for 1220 MWe unit and associated
turbine plant data from the Braun SAR 36 Cost and material

quantity data were then normalized to 1300 MWe net output for this

study using the direct ratio 1300/IZZO
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NUCLEAR PARKS

MODE OF FUEL CYCLE OPERATION

RECYCLE BURNER OPEN

FUEL 4-UNIT N4PO
STORED 20.UNIT N2OPO

SEPARATE

FACILITIES

INTEGRATED
FACILITIES

INTEGRATED 4-UNIT N4PC
PARKS 20UNIT N2OPC

20UNIT N2CPD //

2O.UNIT N2OPD

DISPERSED

NUCLEAR SITES
PuB

COUPLI/

/// UNITS N4DO
IOx2UNITSN2000

FUEL 52 UNITS

STORAGE 72 urrsL___ 232 UNITS

UNITS

SEPARATE UNIT N4DA
FACILITIES lOx UNIT N3SOA

22 UNIT 4NSO
INTEGRATED 1E UNIT N210B
FACILITIES

SEE TABLE 4-11

FOR CODE KEY

Figure 4-4 Parameter Coverage Parks vs Dispersed Sites
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4.2.4 Fuel cycle Integration Alternates and Parks

Reference has been made to the launching theme of the nuclear
industry It was based on large centralized fuel facilities on dis
persed generation on synergy between LWR and LMFBR and of
particular significance here on reliable and in some cases expeditious shipment of various intermediates of the fuel cycle as necessaryto integrate the entire complex The theme is in many respects an
idealized scenario as depicted schematically in Figure 4-5 The majorsectors of the complex so depicted are the HTGR fuel cycle relyingon fissile U-235 from the mines or fissile Pu frornthe LWR cyclethe LWRs relying on the same fissile sources and the LMFBR cycle
relying in turn on the LWRs for initial plutonium supply

Those portions of impending nuclear fuel cycles already at
substantial stage of implementation are separately identified as arethose portions for which it is judged there may be significant

Special Nuclear Materials safeguards risk separated Puor U233 or
U235 at over 20% enrichment It should be noted that those stages ofthe cycle implemented in any magnitude to date are not judged to
represent significant safeguards vulnerability Of the order ofSOOO tons/year of low enriched uranium to 5% is currently being
shipped of the order of 1000 miles from enrichment plant to conversionand fabrication facilities and then similar distance to operationalLWR Relatively modest quantities under 1000 tons total have so farbeen shipped in their spent state on through to separate storage
facilities still less has progressed beyond the storage situation500 tons

The picture up to this point while developed for dispersed generation is equally applicable to dispersed and to park type facilitiesThe two major differences that may emerge are

Practicable scale of fuel processing and fabrication
operations and consequent dollar economies

Potential for integration and consequent lessening of trans
portation and safeguarding costs and risk In the limit all
fuel and generation facilities might be grouped at few
very large nuclear complexes Such has been suggested
WASH-l288 As well as posing many problems of size
it does not really address the future of the present
dispersed mode nuclear generation

Progressive steps toward complete integration of the fuel cycle
are shown in Figure 4-6 Integration of the uranium enrichment
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HIGH-ENRICHED EPROCESSING --
Impending U.S Nuclear Fuel Cycles
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DISPERSED SITE CASES ENERGY PARK CASES
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with park is not called out in this sequence for LWR fuel

cycle integration as it is not considered significant safeguards risk

For the case of the HTGR or LWBR however such case may be

relevant and indeed not completely impractical particularly with the

development of centrifuge enrichment capability An overall guide is

that 10 unit HTGR park coupled with possibly 1000 MT SWU/yr

plant might produce uranium with separative work cost no higher

than twice that of large 9000 MT SWTJIyr competitive diffusion

plant Again Figure 4-6 applies to both dispersed and to park sites

The cases are the same as discussed later with Nuclear Fuel Cycles

Case The current storage mode is essentially free of

materials safeguards risks for the case of the LWRs

The introduction of parks can yield potential for economies in

construction and operation but has essentially zero impact on the

nuclear fuel cycle

Case The self generated plutonium recycle mode is that

described in the recent AEC ERDA GESMO document 12 and with it

comes some identified safeguards risk associated with the plutonium

recovery and recycle Again the economics of the fuel cycle and the

risk situation is essentially identical for parks and for dispersed

siting unless one considers the safeguarding of large multi-unit

nuclear park to be more practical proposition from an overall

economics standpoint This debatable point has been discarded in the

present analysis

Case The introduction of an integrated reprocessing and plu
tonium fabrication fuel cycle facility alternative represents signifi

cant improvement to the plutonium safeguards and environmental

risk aspects of the fuel cycle It also yields certain cost economies

through elimination of the need to convert plutonium nitrate to oxide

for transportation to fuel fabrication facility Such an integration

step is now being encouraged by various organizations in the nuclear

field and again it is equally applicable to parks and dispersed sites

Some debate remains over safeguards and environmental risk asso
ciated with the transportation of refabricated plutonium bearing fuels

Case Elimination of the transportation risk may be accom
plished by combining power generation and integrated fuel cycle
facilities This step however suffers the following shortcomings

It is uniquely parks type proposition and does not

address to the future fueling of the present dispersed

mode generation
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It does not provide for potential future breeder reactor
extraction of plutonium from the LWR fuel cycle

It implies

Rather small and less economic fuel facilities or

Large aggregation of LWRs in the park to fully
utilize anticipated economic scale plutonium fuel
and reprocessing facilities

substantial plutonium inventory on site to cover
facility outage possibilities or ability for external
plutonium shipments on contingency basis

Case An alternative means of eliminating the more critical
elements of the fuel transportation sector is the so-called dedicated
plutonium burner or PuB park configuration The possi1ility still
remains for contingency shipments of plutonium between sites when

key facility is shutdown The PuB concept is particularly interest
ing when considered in what is termed reversed priorities mode of
development fuel storage reprocessing recycle

Stage In this alternate the presently committed dispersed
nuclear power plants are served by centralized fuel storage facilities
covering convenient geographical groupings

Installation of an appropriately sized spent fuel repro
cessing facility of about 500 MT/yr capacity for every 15 000 to
20 000 MWe served This step would not be taken until such time asfuel cycle economics i.e

Mounting uranium or separative work prices or
Declining reprocessing costs or

Mounting value of recovered plutonium

were sufficiently strong economic motivatôr in spite of associatedrisks and uncertainties

This is not believed to be the situation today Thus an initial stageof fuel storage is anticipated As previously mentioned this is in
distinct contrast to what has been envisaged by the nuclear industry
up to this time The impact of an interim storage mode is how
ever modest 4ç/MBtu and does not significantly alter the nearterm economic incentive for the LWRs Table 4-5 Unfortunatelythis is but short term consideration and it is not appropriate for
either the HTGR or the breeder
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Table 4-5 LWR Fuel Cycle Costs With and Without Pu Recycle

CONTRIBUTION TO COST /MBtull

COST COMPONENT STORE PLUTONIUM PLUTONIUM
AWAY RECYCLE SALES

FRESH FUEL

URANIUM ORE 12 12

CONVERSION AND

ENRICHMENT 10 .10

PLUTONIUM
FABRICATION

SPENT FUEL

STORAGE
SHIPMENT
REPROCESSING
WASTE STORAGE
RECOVERED FISSILE

CREDITS

TOTALS 32
32

32 13

1/1975 DOLLARS NO ESCALATION OF COSTS
OTHER ASSUMPTIONS EQUILIBRIUM CORE OPERATION AT 80%

CAPACITY FACTOR 0.25 W/O TAILS 8% INTEREST AND PRESENT
WORTH FACTOR 16% FIXED CHARGE RATE UNESCALATED

USING 1971 ESTIMATED COSTS FROM REFERENCE Pu VALUE

$7/g VS PRESENTLY ASSUMED $4/g FISSILE
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third and final step in this reversed priorities sequence
for the PuB parks would then be the decision to recycle recovered
plutonium and thus to initiate installation of both plutonium fuel fabri
cation facilities and dedicated plutonium burner reactors on the PuB
site This decision could follow some several years later again
dependent on the balance of economic pressures vs the risks and
uncertainties of recycle For the present study it has been assumed
that LWR recycle for the plutonium would ultimately be implemented
but many options exist as summarized in Table 4.6 and these can well
await the evolving situation at the time

Given this Case PuB park concept with some option as to the
timing on which fuel recovery and plutonium recycle is implemented
the question becomes what are the pressures which will influence
that timing

LM fuel storage pressures
Uranium supply pressures
Fissile material separations pressure

Related to this are the questions what is the transient facility
growth situation at PuB park and what scope exists for recycle
from existing dispersed facilities into dedicated onsite LWR burners
Furthermore how does this couple to offsite capacity and what size
installations are optimum

Presently most of the accumulated spent fuel from light
water reactors is in storage pools at existing dispersed sites This
storage capacity totals nearly 4000 tons or approximately yrs dis
charge from presently operating reactors Existing storage at

Morris Barnwell and West Valley might accommodate further
1500 tons Plans are now being formulated for limited further addi-
tions relative to discharge rate of possibly 3000 tons/yr by the mid
19801s from some 130 000 MWe of committed LWRs

By comparison single 4unit PuB park with an associated
500 ton/yr recovery facility might work off approximately 1500 tons
of stored LWR fuel as well as continuing to handle some 300 tons/yr
of spent fuel discharge from approximately 12 000 MWe of associated
dispersed sites This then is illustrative of one form of coupling
between dispersed sites and PuB park It would imply need for an
early start on some fifteen 4unit PuB parks or possibly three
Z0unit PuB parks to be in recovery mode operation by the mid l980s
if the discharged fuel from the nations present program of dispersed
LWR installations were to be accommodated and the plutonium utilized
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Table 46 Plutonium Utilization Options

Parks vs Dispersed Sites

ACTION PRIME CONSIDERATIONS

NONE HOLD IN SPENT FUEL STORAGE QUESTION

STORAGE FOR INTERIM CENTRALIZED PARK STORAGE

POSSIBILITY LOCATION FOR

ULTIMATE RECOVERY

IMMEDIATE RECOVERY AND VERY EFFICIENT Pu USE

RECYCLE IN ALL LWR FUEL PEUCHL PROPOSAL FABRICA

TION COST PENALTIES SAFE

GUARDS PARK CONCEPT OF

NO INFLUENCE

IMMEDIATE RECOVERY AND GESMO BASIS SOME ECONOMIC

SGR TYPE RECYCLE PROMISE SAFEGUARDS PARK

CONCEPT OF NO INFLUENCE

DELAYED RECOVERY AND LESS EFFICIENT Pu USE

CONCENTRATED RECYCLE IN LESSER FABRICATION PENALTY

DEDICATED Pu BURNER LWRs LWR DESIGN PROBLEMS

STORAGE APPLICABLE TO PuB

PARK CONCEPT

DELAYED RECOVERY AND EFFICIENT Pu USE PROF
RECYCLE IN THORIUM PIGFORD PROPOSAL MINIMIZES

SYSTEMS HIGHER Pu ISOTOPE PRODUC

TION ALPHA BURDEN

POTENTIAL HTGR USE LWBR

ETC PuB PARK POTENTIAL

DELAYED RECOVERY AND USE MOST EFFiCIENT Pu USE

IN URANIUM BREEDER IORIGINAL INDUSTRY THEME

SYSTEM INTERIM STORAGE REQUIREMENT

PuB PARK POTENTIAL
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promptly in dedicated LWR recycle Under this circumstance the
first dedicated plutonium burning LWR would actually start up some
six years later as suggested in the Reprocessing portion of Figure 4-7
where Open-Cycle Discharge precedes PuB Discharge reprocessing

Alternatives exist in which further extension of the fuel storage
interval occurs with consequent requirement for accelerated

introduction of PuB facilities or their equivalent LMFBR or other

plutonium consumers as shown in Figure 4-8 and discussed further

in Section 4.4 on Nuclear Fuel Cycles
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4.2 The Nuclear Industrnd Its Trends WarksDerS2

The nuclear industry has the characteristics of very long cycle

undertaking While initiated in the mid l95Os and now reporting more

than 220 units sold in the there are presently some 40 of these

or 6% of total electrical generation in operation The balance

all dispersed site units are in various stages of design construction

and start-up Figure 4-9 This backlog represents approximately

$1 trillion of construction commitment by the industry major

additional investment also exists in supply industry infrastructure

particularly for mechanical components and fuel The cycle length is

further demonstrated by the fact that while core power densities fuel

burnups and many other design parameters have progressed rapidly

over the last 20 years the last 10 years of this design progress has

yet to be proven out in full scale plant operations Indeed as pre

viously discussed the back-end of the fuel cycle is not yet closed and

completion of well in excess of $1 billion of facilities is needed to look

after these present commitments

The consequence of the above is that the industry is now starting

to enter phase of maturity following this 20 year period of rapid

development Standardization and feedback from operating plants is

now becoming the most significant factor Further major develop

ments or changes in approach are less likely in view of the major

commitments to get the industry to the present state sudden signifi

cant changes in approach are not expected Indeed such is probably

beyond available resources of the industry Thus more gradual

evolution is in view Candidates for such evolution include

Possible gradual size increase

Incremental introduction of Pu recycle

Gradual design revision based on operational feedback

to increase reliability

Limited introduction of improved construction techniques

These circumstances and resource constraints also cause some

significant uncertainties on the rate of introduction of HTGRs and

LMFBR5 and leave questions as to any meaningful role for other

advanced systems

It is anticipated that in the absence of major changes from the

present trends the future course of the industry will be much as outlined

in Table 4-7
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Table 4-7 Anticipated Future Trend of Present

uclear Pro rams

UNITS ON LINE WILL GROW FROM 1975 TOTAL OF 40 38000 MWe

TO 200 190000 MWe BY THE LATE 1980S

NUCLEAR ORDERS WILL PICKUP BASED ON

ENERGY CRUNCH

FAVORABLE LWR PERFORMANCE

THUS YIELDING

30 UNITS/YR ORDERED 980 THRU 2000 MOSTLY AND UNIT

SITES

POSSIBLE DESIGNATION 200 NEW U.S SITE LOCATIONS

CONSTRUCTION COST RISE WILL CONTINUE

PACING OVERALL ESCALATION RATES

NO MAJOR CONSTRUCTION BREAK THRUS

NO MAJOR UNIT SIZE INCREASE

U.S NUCLEAR CONSTRUCTION LABOR FORCE OF 200000 REQUIRED

FUEL CYCLE BACK END DEVELOPMENT SLOW

REGULATORY

ENVIRONMENTAL MAJOR PRESSURES

SAFEGUARDS

TEN-YEAR DELAY OF FURTHER FUEL RECOVERY FACILITIES POSSIBLE

SIMILAR OR GREATER DELAY ON PLUTONIUM FABRICATION

EXTENSION OF LOCAL FUEL STORAGE REQUIRED AS TEMPORARY EXPEDIENT

URANIUM AND SEPARATIVE WORK REQUIREMENTS OF GIVEN LWR ULTIMATELY

BOOSTED 200% AND 50% RESPECTIVELY
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EblmrornentofNuciear Plant Construction Through Parks

Reference has been made to the required increases in nuclear
plant costs Figure 4-3 This rise has exceeded the overall rise in
construction industry indices by factor of at least 50% over the past
10 years The future trend is uncertain Nuclear parks through their
potential opportunity to permit more standardization more construc
tion labor stability and possible sizable site investment for super-module type approach to construction have been suggested as
possible counter to the current industry cost problem

Review of the cost makeup of typical nuclear plant Figure 4-10
suggests construction labor to be one of the biggest potential areas
for improvement It has grown from an all-time low of approximately

to 7man-hours/kWe to as much as 12 to 14 mh/kWe over the last 10

years At the same time $/man-hour have grown from $7 to approach
ing $20 with full overheads before escalation In principle all cost
sectors save for site materials and component supply might be reduced
in cost through improved construction techniques particularly if

means can be developed to improve working conditions and improve
scope for learning curve improvements through repetition and stan
dardization This then is the objective of the present modular field

construction studies

In concept the supermodule approach evolves around major
investment in pre-assembly areas at or adjacent to the construction
site and in heavy lift capacity to move the proposed supermodules much
as is done in the newer large shipyards for supertankers etc This is
less readily accomplished in nuclear plants because

limited number are normally fabricated at one location
thus limiting site facilities investments

Nuclear p1ants are normally constructed with massive
amounts of reinforced concrete structures and shielding
which tend to make major module lifts too burdensome

The extensiveness of piping systems services instru
mentation etc throughout the structures result in major
startup testing requirements particularly if many
smaller modules are used

significant level of standardization has been achieved already
in the component or equipment sector even though multiple sites
are involved

4-34



TOTAL POWER PLANT COST

PLANT EQUIPMENT

COMPONENTS

NOTE
THESE CATEGORIES ARE SHOWN AS PERCENT OF THE

TOTAL PLANT COST WITHOUT ESCALATION OR INTEREST

DURING CONSTRUCTION ITEMS LIKE NUCLEAR STEAM

40
SUPPLY ARE SMALLER PERCENT OF THE TOTAL COST

WITH ESC IOC

LEGEN%

MUCL..EARJ/
30 STRUCTURES SITE

I-

FIELD LABOR
SERVICES

CONSTRUCTION
LABOR

SERVICES
20

INSrALL

ASSEMBLY
TEST

ENGINEERING

SITE MATERIAL

NSS
10

Fiure4-1O Costs of Typical Nuclear Power Plant

4-35



Two approaches were investigated in this study

concrete supermodule method in which major concrete

structural modules made in separate factory area are

installed in the plant interspersed with major equipment

modules being installed as their rooms are thus formed

steel/water supermodule approach in which major steel

structural/shielding modules made and largely equipped

in separate factory area are installed in the plant and

when all interconnection and finish work is essentially

complete are finally filled with water for radiation

shielding

In both cases 1000 ton gantry crane with ability to straddle the full

nuclear island or turbine building is assumed Figure 4-11 The in
vestment in this lifting capability alone may be in excess of 15

million and the total investment in the onsite assembly fadilities some

$60 to 100 million The details and evaluation of the modular construc

tion techniques Figure 4-12 are covered later in Section 11 Power

Plant Costs and Improved Construction

Findings from these studies suggest

The two-part equipment and concrete modules Figure 4-12
are more directly attainable step than the steel and water

appr oach

Through such modular approach major labor productivity

improvements should be attainable based on experience in

other industries

Significant construction schedule improvements should be

attainable as result of avoidance of the concentration of

construction and assembly activities in the cramped

quarters of nuclear installation with all containment

shield walls etc in place

Together these considerations are estimated to result in 20 unit

construction cost differential before escalation of as much as

$3 billion between multiple unit installations at dispersed sites and

modularly constructed park complex Figure 4-13 As much as

50% of the field work maybe moved into the module assembly shops

and an overall man-hour reduction of nearly 30% may be achieved due

to lesser congestion onsite and the basic boost in productivity of shop

versus field activities
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Step Install and anchor the reactor pedestalweir

wall steel frame Module Erect formwork and
install reinforcement for shield building wall

belpw grade

STARTING POINT OF SEQUENCE

Reactor building foundation mat poured 5700
yds3
Lowest course of containment in place and
anchored 400 tons

Floor liner plates

Structure foundation plates Cast in place
Reinforcing bar dowels for 170 tons
shield building walls

30 TONS

ç65O
TONS

IN PLACE WEiGATl197O Toils

Step Pump in and compact all concrete for the Step Install and anchor reactor vessel assembly
reactor pedestal-weir wall and drywell floors and Module and prepare the reactor shield wall
for shield building foundation wall Prepare reactor Module for installation

vessel assembly Module for insri Begin installation of substructure modules for

adjacent buildings

l3OTONS

TONS

970 TONs

IN PLACE WEIGHT-18365 TONS IN PLACI WEIANI-193AO TONS

jlZ Typical Modular Construction Sequence Start
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In addition to these positive findings however the following
should be noted

Only limited study manyear has been conducted to

date sufficient only to confirm principles and thus an
uncertainty band relative to dispersed site costs of as
much 20% -5% is believed appropriate

The onsite facilities investment requirement appears to

be substantial and as such is major front end risk
item for the customer at the time of initiation of the

improved construction approach

The need for standardization through the period of con
struction of large series of unitsl0-l5 years or more
may well be impractical to achieve at least in the near
future and without some basic restructuring of th
industry
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Dispersed Geni
The present study has identified aspects of both the fuel cycle and

power plant construction itself that evidence potential benefit from the

planned introduction of integrated fuel cycle or park type nuclear

facilities Nevertheless uncertainties remain many of which relate

to the fact that the study was conducted for general conditions

and thus encompasses generic considerations

It is not site or situation specific and many of the more

qualitative environmental and social issues have not

been fully evaluated

Fuel cycle benefits have been identified as largely re

lated to the materials safeguards issue and yet at this

point the transportation costs with adequate safeguards

for discrete dispersed sites or with specific circum

stances of colocated fuel processing and plutonium

fabrication are not available as well defined alternate

Potential construction cost benefits possible through

large parks while identified in principle appear to

require somewhat unique environment of design and

regulation stability not characteristic of most of the

electric utility industry at this time While

lesser economies are possible for smaller parks these

have not been defined as yet

In addition to the above site-related factors number of other

specific regulatory and technical issues basic to the comparison of

parks with dispersed generation remain subject to some uncertainty

The finalization of ALAP regulations and their impact on

the ability to adequately handle effluents from large park

The ability of LWR designs to be modified to dedicated

plutonium burner role for PuB parks

The use of denaturing as an adequate safeguarding tech

nique for plutonium fuels transportation

Accurate definition of the unit cost of recovery and plu

tonium fabrication as function of throughput such as to

permit more rigorous evaluation of optimum park size

or alternatively the fuel cost penalties of very small parks
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-n
The specific manpower and materials comparisons
module by module throughout an LWR plant versus

lifting capacity etc that will permit rigorous
evaluation of the extent to which construction savings

might be pursued for maximum economy in park

construction

The definition of systems technology advances beyond
the LWRi HTGR LMFBR LWBR molten salt

breeder to the point where rigorous judgments can be

made on the timing and extent to which they might
utilize LWR plutonium preferentially

The outcome of both the GFSMO hearings and the NRC
nuclear energy park site survey

The compatibility with existing nuclear industry and

business structure and with associated supply f.cilities

in place and planned

Given the preceding conclusions as to the potential merits of parks
the identified logic of the specific PuB park development in conjunc
tion with existing dispersed generation and the above listed remain
ing areas of uncertainty the following future program thinking has

been scoped out see Figure 4-14

Data Review and Utility Industry Survey In close coopera
tion with the electric utility industry and the respon
sible State and Federal Agencies develop critique of the

current report with particular reference to

Its relevance to past existing or planned regional or

site specific studies for the given entity

Any major conflicts regarding fuel cycle integration

incentives limited worth of early plutonium recycle
construction economy thru modularization etc

Timing of efforts toward development of nuclear facility

integration based on local land use planning facility

growth projection state and local regulatory authority

plans

Based on the above critiques by representative array of public and

private utilities and their regulators confirm or revise the above noted

key IFCF/park/dispersed site areas of uncertainty and the incentives

for their solution including construction cost reduction through
modularization
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Utility Specfic Follow-on Evaluations Park vs

Dispersed Site Scenarios

Modularization

Safeguard Alternates Denaturing

Pu Burner Design Feasibility

y/J

PuB Site Specifics

////J

Commitmentto PuB Park Expansion

Plans and Future

Decision Points

1st state commitments

Start site acquisition

Develop initial fuel storage facility

Figure 4-14 Suggested Future Program Schedule
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Establish an order of merit listing based on the above critiqueto show those regions in which the greatest incentive for IFCF/park
development exist

Furthest along in current studies
Highest intensity of fuel shipments
Biggest problems of escalating labor costs
Best availability of land suitable for IFCF/park sites
Most suitable transmission and load center disposition
Most favorable financing/puc situation

Follow-on tJtiiity_Specj.fic Evaluations Encourage the es
tablishment of further parallel evaluations as defined below item throughitem by those utilities or group of utilities for which maximum
IFCF/park promise has been identified

Model these evaluations where possible and as appropriateon the efforts already in process by the Pennsylvania Grbup of utilities

Establish two basic scenarios for each follow-on evaluation

Continued dispersed generation with independent large co
located fuel storage reprocessing and plutonium fabrication
centers

Optimum coupling of dispersed and minimumsize unitPuB park facilities

These scenarios should be prepared with

All specific sites and ratings to be committed through year2000 identified for the dispersed case

Alternative dispersed plus PuB groupings defined to the
same level as

Fuel material shipments mileage and inventories defined
for the above situations and

Site development costs potential facilities ownership and
ultimate generation and transmission costs for situations

and

Comparative environmental and safeguards assessments for
and
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An assessment of scope for redirection or modification of

facilities to provide flexibility with time for and

An order of merit listing of the most problematic specific

dispersed site situations or regions from and and

of the most promising PuB dispersed site groupings from

the same standpoint

This work might be conducted most appropriately during CYl976-77

Modularization Study in Depth Further to the work of this

report it is understood that NRC is sponsoring study effort on the

construction rate of nuclear power plants at energy centers

Request For Proposal No RS-75-6 Presumably this work would

provide additional background information in support of the above pro

posed utility specific evaluations study in depth for one or

more of the highest incentive specific utility situations as determined

from would then be logical follow-on Through it the previously

noted specific manpower and materials comparisons module by

module versus available lifting capacity might be defined as basis

for the overall cost comparison programs

Safeguards Alternate- Denaturing In parallel with item

conduct rigorous analysis/review of the potential offered by denaturing

techniques for plutonium fuels transportation such as presently being

explored by the Electric Power Research Institute EPRI Define

specific shipping requirements safeguards fault analyses and overall

costs and remaining risk factors sufficient for rigorous comparison

with PuB park safeguards risk factors

Plutonium Burner Design Feasibility In parallel with items

and also institute further design studies of dedicated LWR pluton

ium burner configurations by LWR suppliers to ensure that such units

can be built to meet all necessary industry safety and control require

ments and to better define the operational characteristics and costs of

such units

PuB Site Specifics Based on item findings initiate in-

depth design study activities on the most promising PuB park dis

persed site groupings by the affected utilities their suppliers and the

regulators these studies to be in sufficient depth to provide bases for

Commitments to procure necessary sites

Commitments to relocate some generation to designated

PuB sites from possibly previously planned dispersed locations
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Review and decision on ownership of PuB generations
and fuel cycle facilities and the form of coordination

and financial ties with dispersed units

Commitments to initiate detailed PuB park facilities

construction projects

This work might be conducted most appropriately during CY 1978 yield
ing year-end series of PuB park generation expansion plans if indeed
the preceding findings so indicate

PuB Commitments See Figure 4-14
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43 NUCLEAR POWER REACTORS

31

43.1.1 PARK VS DIS CANDIDATES Projected nuclear

powejn the next 25 yea is forecast to be largely through

light water reactors with some additions of HTGRs and potentially

LMFBRs These then are considered the candidate reactors for the

evaluation of dispersed vs energy park power generation Illustra

tions of BWR PWR and HTGR and an LMFBR are shown in

Figure 4..15

Currently BWR and PWR power plants of approximately 700 to

1300 MWe using reactors up to 3800 MWt
Extract from

are being constructed In the United

States plants larger than 3800 MWt are U.S ATOMIC NUWY COMMSIOP
REGUL8TORV GUIDE 1.49

not being licensed until several years

experience is gained with this size see mber 1973

box With present LWR plant thermal statement itsued on March 1973

announcing its nuclear plant standardization policy the

efficiencies and inhouse power loads Commission stated that the size of alt new plants

accepted for licensing review both those proposed for

3800 MWt yields about 1300 MWe Larger review as standardized
plants and those

proposed for

review in connection with
specific application forLWR plants of 1500 2000 and 2500 MWe

construction permit would be subject to maximum

are feasible with appropriate turbine P0linaiti

gene rator arrangements afid scope This guide describes acceptable maximum power
levels for all nuclear power plants

designs have been prepared by the various
REGULATORYPOSITION

plant suppliers Similar scope exists for
The proposed licensed power level of all nvlear

increased size HTGR and LMFBR plants power plants for which construction permit

application is tiled
pursuant so Section 50.34 of 10 CFR

Part 50 should be limited to reactor core power level

of 3800 megawatts thermal or less until January

1979 at the earliest

Analyses and evaluation in support of the

No changes in the basic design of the application should be made at an assumed core power
level equal to 102 unset the proposed licenaed power

light water reactors themselves are level with maximum acceptable value of 1.02 times

3800 or 3876 megawatts thermal for norntal

required for nuclear park application at operating conditions transient conditions

anticipated during the life of the facility such as load
this time Both park and dispersed LWR changes control rod malfuisctions and improper

may increase the amount of Pu in recycle operations loss of forced coolant flow lsss usf Issad or

turbine
trip Iota of normal ac power primary system

fuel perhaps with minimal changes in the depressurizatton dc and accident csssditions

necessary evaluate the adequacy of structures

core or reactivity control until they systems autd.componentsprovidedforthepreventionof

accidents and the
mitigation of the consequences of

become self-generating reactors SGR accidents

In which the fissile Pu recovered from
Analyses of the possible offsite radiologicalfertile and Pu in the fuel equals or

consequences of postulated design.basis accidents made

exceeds the fis sue Pu burned The SGR to demonstrate
acceptability of the site in accordance

with 10 CFR Part 100 should be performed for an assum

mode occurs with about 40% mixed ed core power level
equal to 1.02 times the proposed

licensed power lvelor may at
an1applicantu

discretion

oxide N1O fuel in the reloads and may be made at higher power level not to exceed 4100

megawatts thermal Analyse made at an assumed core

be increased somewhat more psawer
level

greater than 1.02 times the
proposed

iceutsed power level shosild be regarded as supporting
15 SGR before substantial reactor operation of the facility at proposed licensed core

changes would be necessary 12 In the poweilevelnogreaterthan3soomegawattatherml
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Ft St Vram HTGR Public Service Co of Colorado

mm
LJ

fl

WASH-1174-j3

Clinch River LMFBR Demonstration Plant

jl5B HTGR and LIVLFBR Nuclear Power Plants
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future the LWR plutonium burning reactor Pu13 may be developed

by such substantial changes to burn not only its own but other LWR

open cycle recycle Pu without any 1302 fuel rods Some

differences between LWR plant designs building and equipment

arrangements may result from optimization and unique advantages

of site types Table 4-8 compares principal differences

Table 4-8 Light Water Reactor Site Factors

DISPERSED SITE LWR PARK LWR

SINGLE REACTORS OR DUAL SINGLE REACTOR REPLICATE

REACTORS WITH SOME SHARED BUILDINGS

FACI LIT IES

FIELD CONSTRUCTION ONSITE FACTORY MODULAR

CONSTRUCTION

SEPARATE OR DUAL REACTOR CENTRAL SPENT FUEL STORAGE

FUEL POOLS USED LATER FOR REPROCESSING

FAC TY

RECYCLE LWR SGR OR OPEN OPEN CYCLE OR RECYCLE LWR

CYCLE LWR MAY SELL Pu TO OR SGR OR PLUTONIUM

PuB OR LMFBR BURNER

CONDENSER COOLING ONCE- CONDENSER COOLING POND OR

THROUGH RIVEROCEAN OR WET OR DRY TOWERS MAY CAUSE

POND OR WET OR DRY TOWER HIGHER MAXIMUM FEEDWATER

TEMPERATURE AND LOWER

LWR/TG EFFICIENCY.

OPERATING AND MAINTENANCE MU1TIUNIT SHARED OPERATIONS

SAVINGS FOR DUAL UNITS AND MAINTENANCE SAVINGS

NEGLIGIBLE LWR OFFGAS MORE GAS CLEANUP FOR RELEASE

RELEASES NO CONCURRENT INTO SAME ATMOSPHERIC DILU

REPROCESSING FABRICATION TION STREAM IN SOME PARKS

FACILITIES CONCURRENT REPROCESSING

FABRICATION FACILITY RELEASES

This park study uses actual data where available for plants of approxi

mately 1300 MWe size for realism and for reference to differentiate cost

comparisons of multi-plant parks from dual plant dispersed sites No

distinction is made between BWR and PWR plants in the fuel cycle and

cost analyses although brief descriptions of the two types are given below

for information Reference descriptions of large PWR BWR and HTGR

power plants are given in WASH-l230 lOOO-MWe Central Station

Power Plants Investment Cost Study
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4.3.1.2 BOILING WATER REACTOR Currently early 1975 in the
United States there are about 20 BWR operating and 55 more committedfrom one reactor vendor In the present large BWR water is boiledat about 1025 psig by heat from nuclear fission in the core the steamis dried by directional changes in the top of the reactor piped to theturbine generator at about 962 psig condensed and returned byfeedwater pumps to the reactor Two large recirculation pumps takewater from the reactor and return it at high pressure to 20 or 24 jetpumps inside the reactor which put larger recirculation flow upthrough the core to increase the steam output Principal BWR parameters are shown in Table 4- 8A

The BWR reactor building employs pressure suppression containment in which any major steam/water leak would be channeled by the
drywell through underwater vents into the suppression pool to quenchthe pressure and retain radioactivity Any gaseous radioactivity
bubbling through the pool would be retained and shielded in the steeland concrete pressure containment Early BWR plants used only drycontainment designed for higher pressures

Adjacent to the reactor and turbine generator buildings are the
control auxiliary fuel radwaste and diesel generator buildingsOther structures include the administration building the large facilities for condenser cooling water fossil-fueled house boiler for
service steam and the switchyard and transmission lines In dual
reactor plant some of these facilities are shared

4.3 1.3 PRESSURIZED WATER REACTOR In early 1975 in the UnitedStates there are about 28 PWR operating and 112 more committedfrom three reactor vendors The PWR operates at high pressuresabout 2235 psig to improve heat transfer and prevent boiling of thewater heated by nuclear fission in the core This water is circulated
through the core and around the several primary loops by recirculation pump in each loop steam generator in each loop boils
secondary water and dries the steam which is piped to the turbine
generator at about 1055 psig condensed and returned by feedwater
pumps to the steam generators Principal PWR parameters areshown in Table 4-8A

Most -PWR reactor buildings employ the dry containment principle against primary system rupture in which the reactor steam
generators recirculation pumps pressurizer tank etc are
enclosed in steel and concrete pressure containment and shieldingbuilding The primary equipment is also enclosed in local shieldingfor maintenance The containment is not normally occupied during
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IA-8A Typical LWR HTGR LMFBR Parameters

Reactor Type
BWR PWR HTGR LMFBR

Core Heat Output MWt 3800 3800 3000 975

Electrical Generation MWe gross 1300 1300 2-600 380

Core Coolant Water Water Helium Sodium

Core Coolant Flow Million lb/h 113 145 11 41

Coolant Press psia-Temp 1040-550 2235-626 715-1393 15-995

PrimaryCoOlafltPUmPsN0hP 2-7300 4-8000 6-Stm.Turb 3-5000

Intermediate Coolant -- --- --- Sodium

Steam Generators No ---
Evap SupHt

Diameter Height ft
--- 16 72 13 30 4.3 65

Steam at Turbine psia-F 977-542 1070-549 2415-950 1465-900

Steam Flow llion lb/h 17 17

Reactor Vessel Material Steel Steel Concrete Stainless Steel

Diameter Height ft
22 72 22 44 100 91 20 55

Active Fuel Zone Diam Hght ft 16.5 12.3 11 13.7 28 21 6.2

Fuel Assemblies No 784 193 3944 198

Enrichment Fuel Material 1.5-3 5% U02 2-5% U02 93% UC 18-27% PuUO2

Fuel Cladding
Zircaloy-Z Tubes Zircaloy-4 Tubes Ceramic coated S/S Tubes

Zircaloy-4 Ch Particles

Total Fuel Weight
370 000 lb U02 254 000 lb UO2 3800 lb 16 500 lb M02

Fertile Material
Thorium Oxide Depleted U02

coated particles in s/s Tubes

82 700 lb Th

Control Rod DriveSNO Type 193 Locking Piston 69 -mag Jack 73 Winch 19 Screw Spring

Mounting Entry
Bottom Bottom Top Top Top Top Top Top

Control Rods per Drive No.Shape Cruciform Blade 24 Rods Rods Bundle Rods

Neutron Absorber Boron Carbide In-Ag-Cd or B4C Boron Carbide Boron Carbide



reactor operation few PWR plants will have pressure
suppression design in which any major hot water/steam leak would bechanneled through trays of ice an the containment

Adjacent buildings include control auxiliary fuel radwasteand diesel generator equipment and fossil-fueled house steam
boiler Other structures include the administration building largefacilities for condenser cooling water switchyard and transmission
lines

4.3.2 High Temperature Gas-Cooled Reactor
The HTGR employs highly enriched uranium/thorium fuel cyclehelium cooling and graphite moderator In the United States the 40MWe Peach Bottoml plant first began operating in 1966 and the 330MWe Fort St Vram reactor is now in the initial startup phase

Construction permits are now being sought for the first commercial
units Delrnarvaa 770 IvlWe Summit and plant andPhiladelphiaElectrjc1s 1175 MWe Fulton and plant

The Fulton design which approaches the 1300 MWe referencesize for this park study has 3000 MWt HTGR The reactor is in
prestressed concrete vessel which also contains the six steam
generators with steam turbine helium circulators and three auxiliaryheat exchangers with electric motor helium circulators Helium isat 710 psig and superheated steam at the turbine is 955F and 2500 psigOther parameters of the Fulton HTGR are also shown in Table 4-8A

Each of the dual HTGRs is enclosed in cylindrical steel and
concrete containment in cylindrical reactor building Each has
associated buildings for the turbine generators helium storage heat
exchangers cooling tower pumps and diesel generators Shared
facilities include the reactor service control auxiliary and adminis
tration buildings

4.3.3 Li9uid MetalCooledFast...NeutroflBreederReat

4.3.3 STIATIQ FBR P0 PLANT The LMFBR is
designed to both produce power and breed more fuel than it
consumes The heat from nuclear fission in the reactor core is transferred by molten sodium in primary and secondary loops to water andsteam in evaporators and superheater and thence to the turbine
generator and condenser cooling water The core of mixed plutonium-uranium dioxide fissjle material Pu-23924j and U-235 is
surrounded by blanket of depleted uranium fertile material tJ-238in which the excess neutrons breedU more fissile plutonium than
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fissile material burned Spent fuel and blanket material must be

removed from the reactor chemically reprocessed and refabricated

into recycle fuel elements to gain the benefits of the breeder cycle

In the United States the Clinch River Breeder Reactor Plant is to

be constructed in Tennessee for operation about 1982 It is being

designed for 975 MWt 380 MWe gross and 350 MWe net It is

intended to have an initial breeding ratio of about with the pros

pect of increase to later The reactor operates at near atmospheric

pressure with inert argon cover gas at 15 psig over the molten sodium

coolant Other pressures are 165 psig in the primary loop 223 psig

in the secondary loop and 900 1450 psig steam at the turbine

Other CRBRP parameters are also shown in Table 4-8A

The reactor primary pumps and intermediate heat exchangers

are each closely surrounded by guard vessel to capture any sodium

leak and keep the core covered Interconnecting piping is above the

core level The shielding cells containing the reactor and primary

loops are inerted with nitrogen These cells and the refueling area

above are enclosed in the steel containment building The contiguous

buildings include the control steam generator turbine generator

diesel generators and service areas Two cooling towers and the

swtichyard are adjacent

Spent fuel and blanket assemblies will be transferred by machines

containing inert gas stored in sodium tanks and shipped in Dowtherm

in air-cooled casks

4.3 3.2 LMFBR FUEL CYCI

unique aspect of the breeder reactors and their applicability to energy

parks is the matter of doubling time and its dependence on out of pile

inventory of fissile material

Early breeder reactor concepts as epitomized by EBR-II utilized

much lower performance metal fueled cores In consequence fuel

processing and out of pile inventory used to be considered critical

factors to overall breeder performance The concept of an integrated

breeder reactor and fuel cycle facility was thus evolved and has been

demonstrated at the EBR-II plant at the Idaho National Engineering

Laboratory With the newer LMFBR designs this integration is no

longer critical consideration but nevertheless it does remain as an

item of some limited potential value from the closer coupling of

breeder fuels facilities with the operating plants as visualized in the

case of PuB parks for instance One caution that remains and is

discussed further in the Reprocessing section is the apparent limited
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compatibility between LWR and LMFBR fuel processing needs This
tends to limit the potential for mixed LWR-LMFBp parks

4.3.3.3 LMFBRDOTJBLIN TIME CHARACTERISTICS Using updatedLMFBR fuel cycle data sensitivity study was performed coveringthe effects on Doublin Time and Fuel Cycle Costas functions ofin Ratio BR 2f-Pilelnent2r.y OOPI and LOSSES in
reprocessing and fabricating

Breeding ratio means the rate of creation of fissile material
Pu-239 divided by rate of consumption or burning of fissile

material U-235 or Pu-239 The LMFBR with provision for
stainless steel swelling will have breeding ratio about 25

Doubling time concerns the closed fuel cycle of reactor
reprocessing fabrication shipping reactor etc Larger
breeding ratio means shorter doubling time Longer out-of-pile
reactor inventory means longer doubling time Compound doublingtime results when the extra fissile material from each breeding cycle
is added to the inventory and is shorter than simple doubling time

25 years compared with 36 years

In this study typical parameters of 1200 MWe LMFBR were
chosen and held constant

Core average burnup9O 000 MWd/Te
Core average specific power 155 kW/kg 154-Pu

Reactor average fissile specific power 1100 kW/kg Pu-2394-241
Core fuel residence time 24 months
Nuclear power plant capacity factor 80
Net efficiency power generation cycle 41
Plutonium value $10/g Pu-239241
Annual carrying charge rate 9/74 23
Fabrication cost escalated to 1985 and projected
the next ten years $700/kg fissile

Recovery cost escalated and projected $100/kg

None of the above quantities is unusual except the private utility
carrying charge rate of 23 which includes the effect of loan interest
rates expected to remain high as well as current tax rates and returns
on investment This projection of the money market is the primary
cause of higher fuel cycle costs and accentuates the effect of out-of-
pile inventory OOPI time

Figure 4-16 indicates that the intrinsic effect of OOPI on doubling
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time is approximately linear equal space between lines for typical

inandout-Of -pile time Thus at typical BR of 25 5-month

stretch of OOPI increases compound doubling time years

Sometimes OOPI is expressed as factor The simple conversion

from months in this case is

245
24

This may be somewhat oversimplified because the radial blanket

has an in-pile time greater than the pile average 24 months but is an

adequate approximation to an OOPI factor

Figure 4-16 also shows that lower breeding ratio exponentially

increases doubling time That is one deleterious effect of having to

allow for steel swelling from neutron damage Fuels under develop

ment may return the breeding ratio above

Figure 4-17 shows linear effects of both breeding ratio and OOPI

on fuel cycle costs All direct costs of fabrication reprocessing

shipping etc were assumed constant and only the cost of time itself

essentially loan interest is the cause of the spread in OOPI lines

Thus at any breeding ratio months longer OOPI increases fuel

cycle cost about 15 mills/kWh Higher carrying charges or

plutonium values would also increase the OOPI cost

Current studies indicate typical LMFBR cycle might be as

follows Months

In-pile
24

Cooling

Reprocessing

Fabrication

Shipments

The effects of fissile material losses in the range of to 3%

from the fuel cycle are shown in Figures 4-18 and 4-19 For example

at breeding ratio of 25 an increase of losses from 1% to 3% adds

about 1-1/2 year to 15 year doubling time However such losses

have minor effect on the fuel cycle cost about 07 mill/kWh added

to 83 mill/kWh i.e 2% more loss causes 4% more fuel cycle cost
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Figure 4-16 LMFBR Doubling Time vs Breeding Ratio and Out-of-Pile Inventory
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4.4 ENERGY SUPPLY THE NUCLEAR FUEL CYCLE

IntroductiOn

Commercial nuclear power has now been under development for

more than two decades and throughout this era the theme of closed

nuclear fuel cycle for uranium burning light water reactors has been

fundamental to nuclear economics and logistics thinking The theme

has been further supplemented by thoughts of longer term synergy

of the water reactor with breeders the two being coupled through the

use of the man-made fissile material- -plutonium Plutonium from the

water reactor would furnish the initial fissile material for the breeder

reactors following some ten or so years behind in the overall schedule

of nuclear developments Incidentally the concept of energy parks or

centers at best received brief mention and was not really related to

the economics and logistics of the nuclear fuel cycle

The actual situation of the nuclear program today evidences

some marked differences from the plan of the 1950s For instance

the light water reactor fuel system is not really closed cycle at the

present time in that full scale fuel processing
and recovery of nuclear

material are not yet implemented The breeder reactor is somewhat

further distant and as such the synergy with light water reactors is

correspondingly weakened Furthermore in the interim the improved

converters particularly the HTGR and the light water breeders based

on thorium fuel cycles have come into being These are however

still at the development level with somewhat uncertain role in the

overall scheme of future nuclear power programs Finally and most

importafltly the environmental and regulatory climate in which the

nuclear industry is now growing has proved to be more demanding

one It is one which puts substantial pressures on the whole nuclear

program and in particular on its fuel cycle further development of

the environment and regulatory climate is the special consideration

of nuclear materials safeguards and the risk of diversion

Recent concepts of nuclear center or park complex while

triggered by many aspects of power development generally and by

nuclear plant construction considerations in particulars can also inter

act significantly with number of the above_mentioned critical aspects

of nuclear fueling logistics and economics The following documenta

tion attempts to quantify where possible both the interactions of parks

on the fuel cycle and indeed those special considerations of the fuel

cycle which might dictate the magnitude and character of any eventual

program of nuclear park development in the In order to do this

logic sequence has been developed which starts from brief over

view of the anticipated electrical and nuclear load growth in the
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over the next several decades The demands of this growth of nuclearinstallations on nuclear fuel supply and the comparison of this demandwith the availability of nuclear fuels leads to some fundamental
assumptions or alternates regarding the mix of nuclear installationswith time It suggests for instance 30 to 60 park installations or anequivalent 300 to 600 dispersed nuclear sites to reactor unitsmay be required by the year 2000 In an LWR case to milliontons of U308 may have to have been mined and processed by year 2000and perhaps five times that amount identified for future use Thissuggests that to thousand tons of plutonium could well be producedin LWRs by year 2000 Other considerations relating to land useplanning and the recently initiated survey of potential nuclear parks bythe Nuclear Regulatory Commission may well lead to guidelines onpark siting and to the potential distribution of nuclear generatingcapacity across the breadth of the Still further considerationstying back to environmental factors and to materials safeguardsinfluence the freedom with which one can contemplate moving theaforementioned nuclear materials between sites and around thein total where in the absence of parks some 10 to 20 thousand road andrail shipments per year would be anticipated by year 2000

Out of these many constraints logic is developed for possiblefuture mixes of nuclear parks and dispersed site generation for thesuitable integration of nuclear fuel cycles within these boundaries andfor the mix of reactor types within said sites This logic suggeststhat through judicious combination of current dispersed nucleargeneration sites over 100 operating by 1985 and future nuclear parksites the character of special nuclear material flows in support of thefuel cycle might be changed radically However the implementationof this concept to the extent that it implies the prolongation of theunclosed fuel cycle until parks are in existence involves questions ofenvironmental and economic desirability of Practicality from thestandpoint of industry operations and economics and of the reasonable.ness and economics of fissile materials utilization Efforts are madeto address the operations and materials utilization consequences of theevolving parks concept fully recognizing many alternatives andpossible rates of industry transition to parks mode exist Giventhese considerations several scenarios of possible nuclear installations in the as function of time are developed in terms of fuelcycle specifics and supporting facilities for range of representativepark sites and for the alternative of continued exclusively dispersedsite development

Throughout the above logic sequence number of major uncertainties are identified alternatives are suggested and where possible
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developmental requirements necessary to lessen uncertainties are

identified All in all this view of fuel cycle integration and park

development is recognized to depend in substantial part on the overall

growth trends for electric power generation
and nuclear in particular

undoubtedly future technology developments will start to play role

later in the lifetime of the park concept under study These parks may

be 10 years in the planning 20 to 40 years in construction and further

20 to 40 years in operation It is entirely conceivable that over life

time one will have witnessed the vast majority of the growth and

maturity of the nuclear industry either due to slower growth in the

early 21st century or to supplementation
of the nuclear energy by some

alternate and thus preferred energy technology

It is further reasonable to suggest that the parks may ultimately

be planned for continuous rejuvenation through retirement and decom

missioning of older installations in the park that are to be replaced

by newer units Indeed there may be significant
commisSi0ning

advantages in the park concept

4.4.2 ound
In order to quantify the logic sequence spoken of in the foregoing

introduction it is necessary to settle on series of quantitative

assumptions and to examine in sequence the constraints and conse

quences that follow from these It should be understood that the quan

tification is for the purposes of being specific and consistent and by

no means implies great precision or certainty This is particularly

true as the post-Z000 horizon is viewed and indeed the assumed

smoothed extrapolated trends may appear already at variance with

current developments
and their near-term consequences

In the following the growth of demand for nuclear generating

capacity is defined in the context of overall energy usage The rela

tionship of this growth to the nuclear fuel supply situation is discussed

Finally various fuel cycles are examined in terms of their integration

4.4.2 ELECTRICAL DEMAND AND NUCLEAR GROWTH Of the total

energy consumed annually in the United States about one-fourth

mostly as fossil fuel is used in the production of electricity see

Figure 4-20 jstoriCally the nation has been increasing its use of

electrical energy faster than its total energy ue 7%/year electrical

vs 3%/yr total Thus electrical generation and its facilities

promise to become increasingly significant factors in the total

energy scene An extrapolation of these historical trends

by some suggests that the electrical fraction of the energy

consumption will double to 50% by the end of the century more than
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five_fold increase over current electrical capacity Actually

because of trends in energy conservation fuel availability and

national policies such an extrapolation more likely represents an

upper bounding on the slope of electrical growth Some growth esti

mates have ranged as low as 4%/year Ford Foundation Report The

Project Independence Blueprint assumes 6%/year electrical growth

rate The AEC projections
12 used in Figure 4-20 show growth

rate slightly less than 6%/year leading to four-fold increase by the

year 2000 Nuclear growth rates have an important influence on

fissile material conservation thinking lower growth rates lessen the

urgency for plutonium recycle improvement of onversion/breedn1g

ratios and required date of introducing such advanced systems

As mentioned the current electrical generation involves pri

marily fossil fuel only about 10% 50 CWe of the generating

capacity is nuclear in 1975 However the nuclear fraction is gaining

substantially By the year 2000 one-half of the existing electrical

capacity may be in nuclear plants and of the capacity being added

annually at that time two-thirds may be nuclear

This AEC projection indicates about 250 GWe nuclear capacity

by 1985 and about 1000 GWe by 2000 Much of the 1985 capacity is

already committed Contemporary financial constraints and reduced

short term load growth forecasts are causing the construction of some

of the planned nuclear plants to be deliberately delayed or deferred

and in some cases postponed indefinitely or canceled l5 As result

nuclear capacity projections such as shown uiFigure 4-20 rather than

being best estimate predictiOfls have tended to become identified as

national goals as for example in President Fords State of the Union

message to Congress January 151975

The intent in attempting to realize the nuclear projectiOnS is of

course to reduce the non-nuclear portion of the electrical generation

as much as possible to 40% by 2020 thereby benefitting the fossil

fuel supply situation However the large commitment to nuclear

capacity has implications also with respect to the availability of the

nuclear fuel since the currently defined reserves of htconomically

recoverable uranium are limited Also the uranium requirements

will depend on the particular nuclear fuel cycle and its degree of inte

gration plutonium recycle These topics are discussed below

0725

1000 MW electrical generating capacity GWe
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4.4.2.2 URANIUM FUEL SUPPLY The subject of uranium resources andavailability is one of complexities and uncertainties now undergoingmore extensive and appropriate study because of its importance to theoverall energy scene It is noted here for the purpose of
establishingbackground and context in which various nuclear developmentscenarios can be discussed particularly with regard to parks Forexample rapid rise of future uranium prices due to the exhaustionof the uranium ore resources or rapid nuclear growth would increasethe incentive for plutonium utilization In the medium term thiscould accentuate the role of the LIvIFBR given success in its technology development and foster more consideration of mixed LWRLMFBR parks or accelerated introduction of dedicated LMFBR parks

It is frequently asserted
17

that uranium resources are limited andthat in the face of expected demand the resources will eventually beexhausted perhaps before alternate approaches can be developed Thedifficulty in quantifying these assertions is that such limitstend to beinherently soft For example there are billions of tons of uranium insea water constantly being replenished from continental runoff27 000 tons/yr and precipitated on the ocean floor but the concentration is only few parts per billion By contrast there may be onlysome tens of million tons of uranium in the concentrated 1% oresnow being mined in the Related to the ore concentration is thecost of mining and milling the uranium so that the limitstT can bethought of in terms of the uranium estimated to be available at variouscost levels Table 4-9 Thus the form of the nuclear fuel cycleappropriate to the evaluation of parks vs dispersed generation relatesto still another uncertainty namely the question of what constitutesan acceptable cost both in terms of fuel cycle economics and in termsof less tangible costs such as environmental consequences of mininglower-grade deposits

To put these supply estimates into perspective with the expecteddemand one can show that if ore costs of $30/lb were acceptable thecurrently identified supply could provide lifetime 35 years fuelassuming full recycle of Pu and for LWR installed capacity ofabout 600 GWe figure similar to that forecast by the AEC for commitment in the next decade This is somewhat before any potential parkplans could have proceeded much toward implementation On the otherhand an increase of $100/lb in the cost of uranium ore impacts on theLWR fuel cycle to some mills/kl%rb about 60c/MBtu the equivalentof $3 60/barrel rise in oil price Thus it is unclear when parks ordispersed nuclear generation will need to become LMFBR_orjented asresult of potential exhaustion of low-cost uranium reserves
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Table 4-9 Nuclear Fuel Supply

ORE COST SUPPLY KNOWN OR

CONCENTRATION CEILING EXPECTED TO BE FOUND GEOLOGICAL

PPM U308 $/LB MILLIONS OF TONS U3O8 SOURCE

2000 06
1600 10 .0 WESTERN U.S
1000 15 1.5 MINING

200 30 2.4 DISTRICTS

60 50 EASTERN U.S
SHALE

25 100 20 DEPOSITS

0.003 SEVERAL SEVERAL SEAWATER

HUNDRED THOUSAND

Similar to data quoted in references 17 and 18

In addition to the long term supply considerations there can be

near term constraints arising not from the ultimate supply available

but from the rate at which uranium production facilities can be in

creased to meet rapidly rising demand particularly considering the

required lead time years Indeed near term uranium shortage

during the next decade is likely development and could well require

temporary resort to other than domestic uranium supplies with

political and economic implications

FUEL CYCLE ORIENTATION The concept of nuclear energy

park involves not only the location of several reactors at single site

but also the possibility of also locating at that site some or perhaps

all of the other fuel cycle facilities involved in integrating or tclosingIt

the fuel cycle The facilities of the nuclear fuel cycle and the logistical

flows between them are shown schematically in Figure 4-21 general

discussion applicable to any of the various nuclear fuel cycles is

given below
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labeled represents the

flow of natural uranium as U3O yellowcake extracted from mined

ore by the uranium mills In path the natural uranium has been

converted to UF6
and is being sent the separation plant for enrich

ment In the enrichment process uranium enriched in the fissile

U-235 isotope is sent by path to fuel element fabrication facilities

and the residual uranium tails depleted in U-235 are sent to storage

via path Whereas natural uranium contains 0.7% U-235 the

material in path is enriched to to 5% for use in LWRs and is

highly enriched 93% for use in the thorium cycle in the

HTGR In the latter case the fertile thorium is supplied by path

In path fresh fuel assemblies are shipped to the reactor site

for initial cores or reloads After discharge from the reactors the

spent fuel assemblies are stored at the reactor site for cooling arid

subsequently shipped via path to the reprocessing site where they

may be stored for later reprocessing or reprocessed on arrival The

spent fuel in path contains the residual fissile material e.g

U-235 the residual fertile material U-238 and the fissile

material Pu-23 bred from neutron abs orptions during

reactor operation

In order to close the fuel cycle radioactive fission products

are removed in the reprocessing operation and stored or shipped via

path and the recovered fissile material Pu or U-233 is

returned via path to the fuel fabrication facility for ttrecyclel back

through the reactors The residual uranium typically is still lightly

to 8% enriched in U-235 and can be returned via path to the

separation plant for reinsertiOfl into the enrichment process or it

can be stored via path or possibly used via path in the mixed

oxide MO2 fabrication of plutonium recycle fuel assemblies

Paths and represent the disposal of wastes

generated in fuel cycle operations

Figure 22-a shows some specific nuclear fuel cycles Figure 22-a

shows how the abbreviated diagram relates to the general nuclear

fuel eycle discussed above Figure -b shows light water reactors in

the self-generated recycle SGR mode of plutonium recycle The

reactor is fueled with low-enrichd uranium U-235 and mixed

oxide fuel Pu The discharge fuel is reprocessed to remove

the residual uranium U-235 and fission product wastes and the

recovered plutonium is returned to the fabrication plant to be combined

with makeup fuel U-235
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Figure 22-c shows the equivalent thorium fuel cycle used in the

HTGR Here thorium replaces uranium as the fertile material and

13-233 replaces plutonium as the feed material Both 13-233 and Pu

are strategic special nuclear material SNM and require special

safeguarding The make-up material in the HTGR fuel cycle is highly

enriched uranium which is also strategic SNM and this is an

important distinction between the HTGR and LWR fuel cycles

Figure 2-d shows the liquid metal fast breeder reactor cycle in

which the breeding of plutonium from the fertile uranium produces

net excess of plutonium This plutonium is then available as initial

fissile loadings for new LMFBR or for make-up fuel in LWR5 The

plutonium for the startup of the initial LMFBRs is normally assumed

to come from the reprocessing of LWR spent fuel and to be preferable

from neutron economy standpoint to using U-235 enrichment for the

startup of LMFBR5

UstrateticSNMlisplutOfliufll uranium-233 and uranium enriched

to greater than 20 percent in the uranium-235 isoto1 materials

from which nuclear explosive can be fabricated

473



Nuclear Installation Scenarios

In this section several scenarios are presented depicting various
possibilities for the deployment of nuclear power growth The intent
of the scenarios is to illustrate various mixes of reactor types and
location dispersed or in energy parks and to discuss some of the

consequences of these assumptions particularly with regard to the
recycle of plutonium under postulated typical growth circumstances

4.4.3 AEC FORECAST SCENARIO The nuclear growth projected in

Figure 4-20 is shown again in linear plot in Figure 4-23 The dis
tribution of the growth among LWRs HTGRs and LMFBRs is indicated
and is similar to that of the AEC projections 12 It is seen in this AEC
Forecast Scenario that light water reactors are expected to dominate
the scene even with what may be optimistic assumptions as to the
construction rate of gascooled reactors and the timing of rate of intro
duction of fast breeder reactors

The fuel discharged from the LWRs even though spent still
contains appreciable fissile content typically about half of the initial

amount partly in the form of plutonium In this AEC Forecast
Scenario it is assumed that this spent fuel is reprocessed to recover
the fissile material the uranium is recycled back through the enrich
ment process and the recovered plutonium is stored valuable
resource for use later to fuel the initial cores of the LMFBRs Alter
natively since there is limited plutonium requirement for the LMFBRs
until at least the 1990s the LWR spent fuel could be stored and re
processed only as needed Even then not all of the spent fuel need be
reprocessed to satisfy the plutonium requirements of the breeder
The cumulated plutonium flows and inventories implied by Scenario
are shown on Figure 4-23 Partial reprocessing of the spent fuel
although satisfying the plutonium demand would also tie up fissile
uranium that otherwise could be recycled to reduce LWR ore require
ments by perhaps 10%

4-74



1200

1000

/LMFBRS

HTGRS

800-

600

p.400.

DISPERSED LWRs OPEN CYCLE OPERATION

200-

.1

75 80 86 90 96 00 06

YEAR

1999 CUMULATED FLOWS AND INVENTORIES METRIC TONS FISSLE PLUTONIUM

____PL___
Figure 4-23 AEC Forecast Scenario

4-75



4.4.3.2 PROMPT PLUTONIUM RECYCLE SCENARIO The AEC Fore
cast Scenario was characterized by plutonium availability in excess of
requirements In this Prompt Plutonium Recycle Scenario Figure4-24 it is assumed that the spent fuel is reprocessed as soon as
possible most of the fissile plutonium and uranium is recovered and
the uranium and excess plutonium are recycled back into LWRs By1999 for example half of the discharged plutonium has been returned
to the LWRs and the remainder is in process spent fuel cooling
reprocessing working invenjories fabrication shipping prereload
inventories and core startup Although the plutonium recycled intoLWRs raises the core inventory and increases the plutonium discharge
about half of the recycled plutonium is consumed in each pass throughthe reactor It can be seen that the total plutonium inventory in-and
out-of-pile has been reduced about one-fourth by the recycle of the
plutonium with corresponding savings in fissile uranium

In LWR recycle the plutonium is fabricated into mixed oxide

MO2 rods in which the plutonium substitutes for the 13-235 fissile
content of the uranium These mixed oxide rods then replace some of
the

1302
rods in the fuel assemblies After irradiation in the LWR

all rods will contain plutonium from neutron absorptions in the fertile
13-238 The irradiated UO rods will contain 5% fissile plutonium
while the MO2 rods started2with 4% plutonium which depletes to
2-3% during irradiation

From the standpoint of saving isotope separation work by replac
ing TJ-235 with plutonium it would be advantageous to use the plutonium to reduce the uranium enrichment somewhat in all rods instead
of substantially in few However rods containing MO2 are more
expensive to fabricate and therefore it is economic to concentrate
the plutonium in as few rods as possible

Thus the plutonium recovery from irradiated rods can provide
only enough plutonium to produce relatively few MO2 rods About
one-sixth of the first LWR reload rods can be MOZ With subsequent
passes more plutonium is recovered and in equilibrium about one-
third of the reload rods would be MO2 Because of the rapid intro
duction of new LWRs containing initiflly no MO2 rods however
equilibrium is not reached and only about 10% the total fuel fabrica
tion is MO2

In this Prompt Plutonium Recycle Scenario in the l980s all
available plutonium is going into MO2 rods for LWR recycle By the
l99Ots the rate of plutonium recycle in LWRs is leveled off and the
additional plutonium from new LWR capacity is utilized to fuel the
breeders being introduced at that time
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4.3.3 LIMITED RECYCLE SCENARIO The LWRs in the.previous
In this Limited Recycle

Scenario Figure 4-25 it is assumed that beginning in the late l98Os
most or substantially all of the new LWR construction occurs in in
tegrated energy parks where there are reprocessing and fabricating
facilities for the recycling of plutonium Thus LWR recycle would
occur only in the parks and the existing dispersed LWR power plants
would operate open cycle and store the spent fuel so it could be used
later to fulfill breeder requirements

The park reactors in this Limited Recycle Scenario use only self-
generated plutonium and build up to self-generated recycle SGR
equilibrium operation after about the first decade of operation Details
of the fuel cycle transients associated with such SGR parks are dis
cussed later

Because plutonium recycle is delayed in this Scenario and be
cause there is period of spent fuel storage for the discharge from the
dispersed sites by 1999 not much LWR plutonium recycle has occurred
as can be seen from the plutonium flows As result the 1999 total
plutonium inventory is only little less than in the no-LWR-recycle
case of the AEC Forecast Scenario
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PUB SCENARIO This scenario Figure 4-26 assumes moremodest growth rate for nuclear electrical capacity and lessened
role for gas reactors HTGR Also it is assumed that the fast
breeder is not introduced in this century Further the spent fuelfrom the dispersed LWRs reprocessed in energy parks and the re
covered plutonium is used only in plutonium burning PuB reactorslocated in the park The PuBs would be fueled only with MO2 rods

noUO2 rods even in initial cores Thus only relatively few such
reactors would handle all the plutonium recycle

The dotted line in Figure 4-26 represents the rate at which PuBscould be introduced if limited only by the availability of plutonium inthe LWR discharge Since initial PuB cores and early reloads re
quire considerable plutonium substantial lead time in the start of re
processing in PuB parks will be delayed until the late l980s and inthe PuB Scenario it is assumed that reprocessing for the PuB plantsis initiated in 1988 and the first PuBs are operational beginning in
1995 as shown by the stepped solid curve in Figure 4-26

In the lower flow sheet of Figure 4-26 by 1999 much of the re
covered Pu 640 out of 690 MT has gone to create the PuB initial
cores while only 640-560 80 MT of fissile Pu has beenburned
Thereafter the PuBs will increase slowly until the breeders enterthe picture
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Facility Siting Relationships

4.4.4.1 CURRENTLY PLANNED DISPERSED FACILITY SITING Some
120 nuclear sites are now committed in the United States involving

over 200 nuclear generating units see Figure 4-27 These sites

are located in nearly all 40 states Thus the dispersed mode of

the nuclear generating industry is well established The current

status of the supporting facilities is summarized below

Major enriched uranium fabrication facilities for commercial

reactors exist at six sites

Lynchburg Virginia

Pittsburgh Pennsylvania

Wilmington North Carolia

LaJolla California

Richland Washington

Windsor Connecticut

Fuel reprocessing facilities for commercial fuels have been

sited as shown in Figure 4-27 at three locations

West Valley New York

Morris illinois

Barnwell South Carolina

but none is currently operating Additional AEC ERDA-operated
facilities exist at

Richland Washington Hanford
Idaho Falls Idaho

Aiken South Carolina Savannah River

for special fuels including HTGRs and LMFBRs

High activity waste material disposal has been carried out or is

under consideration at three sites but again none is active now

Plutonium enriched mixed oxide MO2 fuel fabrication although

pursued on developmental scale at numerous national laboratories

and industrial sites has not yet reached commercial scale operations

Commercial spent fuel storage exists at all reactor sites
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This then is the status of the dispersal of currently-planned and

operating nuclear sites and facilities across the U.S It carries with

it implications regarding transportation requirements land utiliza

tion demographic effects and so on the full significance of which

will be in evidence by the mid-l980s With regard to land utilization

the current commitment of nuclear sites assuming 2000 acres per site

including cooling provisions implies less than 300 000 acres or about

50 square miles actually represents only small fraction of the U.S
land area -.4% potentially available for power plant siting

From transportation standpoint the fueling requirements for

the now-planned dispersed sites will call for perhaps one million ton

miles/week compared to several billion ton miles/week for railroad

coal shipments in the same late l980s period

4.4.4.2 IMPLICATIONS FOR INITIAL NUCLEAR PARK SITING Whereas
the total land use will be largely unaffected by the possible introduction

of parks leaving aside the separately-evaluated issue of transmission
the transportation aspects of the fuel cycle can and will be affected

In fact since the present dispersed sites will undoubtedly continue to

exist and can logically be integrated with possible park facilities in

fuel-cycle sense the specifics of the current locations could have

significant bearing on preferred park locations For example over

50% of all nuclear generation committed to date turns out to be con
centrated in perhaps five regional locations of 11nuclear powershedst

see Figure 4-28

New York 29 units

Southeast 22 units

New England 20 units

Southern Great Lakes 18 units

TVA 14 units

Though each of these groupings is relatively concentrated

assembly each extends typically over band 200 to 300 miles long

and 100 to 200 miles wide i.e each serves an area of typically

40 000 square miles This might provide the basis for planning
series of very large Integrated Fuel Cycle Facilities IFCFs with up
to 10 000 metric tons per year of processing capability

Although these five major groupings may have no special signifi

cance insofar as specific future park siting potential is concerned

they can be used as an illustration model for analytical studies of

future nuclear industry operation in combined parks-plus-dispersed
site mode with respect to
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Lower Power Cost/Higher Load Growth

step beyond the IFCF concept would be one in which all plu

tonium handling would be kept within park bounds the Plutonium

Burner PuB concept Assuming either IFCFs or some form of PuB

sites coupled to prior existing dispersed sites as in the PuB Scenario

the results of the first stage of such PuB site development

would be that throughout all but the Western portion of the spent

fuel shipping distances can be held to under 1000 miles and would

average 250 fo 500 miles Figure 4-29 Adding smaller but more PuB

sites might then further reduce average shipping distances With

several 500 MT/yr facilities instead of few 10 000 MT/yr facilities

the total ton-miles of shipments might be reduced possibly factor

of 1/10

The PuB site concept would permit the majority of the special

nuclear materials handling to be within the confines of the site No

major impact from park or IFCF planning on disposal or storage of

waste materials from the nuclear fuel cycle is anticipated Shipping

of high level wastes to some ultimate disposition location as currently

under study by ERDA is assumed

4.4.4.3 DERAHQQ 2NLWRF The foregoing

discussion did not explicitly consider advanced converter system or

the transition to breeder systems although in principle the same

park approach could be applied to each with appropriate variances

With respect to possible advanced converter systems potentially

operating on thorium cycle such as the LWBR or the HTGR potential

variances are

Initial park siting flexibility may be greater in view of

the limited facility commitments to improved converters

at this time

The high enrichment of the initial and makeup fuel loading

may make such fuel supplies more significant factor

and may add incentive for either onsite enrichment

capability or preferred location adjacent to separative

facilities

486



MT

NO UN

OR

C4

SO

IA

MI

ID

NR

UT

IN

CO

03

AZ
INNM

OK
AR

SCIx

US

LA

TI

Figure 4-29 Potential First Stage PuB Development



In the case of the transition to breeder reactors two options of

interest have been identified

Schedule breeder construction at LWR parks at later

stage recognizing some need for revamping or new

construction of reprocessing and plutonium fabrication

facilities for breeder fuel This actually could be

major new undertaking as most of the reprocessing and

plutonium fabrication facilities for LWRs may well

continue in use

Dedicate subsequent breeder sites possibly adjacent to

the LWR sites such that they also can be self-

contained regarding special nuclear material at least

following some initial special shipment of plutonium for

the first core inventory

4.4 PotentialDspersed Site ana Cong atoi

This section defines how the logistics of the reactor fuel cycle

discussed in section would be affected by various assump

tions as to how the fuel-cycle facilities could be coalesced or con

figured particularly in terms of the location of the reactors relative

to the reprocessing facilities and the relationship between parks

and dispersed reactor sites Involved are considerations of ship

ments of fresh and spent fuel recycled iranium and special nuclear

materials recycled plutonium Also considered are various

sizes of the energy park so that the scale of fabrication and repro

cessing can be quantified and the consequences assessed Finally

special attention is given to how the energy park concept interacts

with the utilization of recycled plutonium

FUEL CYCLE INTEGRATION In the following several cases

are defined with respect to the degree to which the fuel cycle facilities

or sites are coalesced The cases are shown schematically on

Figures 4-30 and 4-31

case Open çjcie Store-Away qperation This corresponds

to the current situation in which fresh fuel is shipped to the reactor

site burned in the reactor and the spent fuel is held at the reactor

site or shipped for storage at the site of planned reprocessing

facilities In this case there is no reprocessing of the spent fuel no

recovery of the fissile residues and no recycle of the bred fissile

material
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Case Separate Rproce ssing/Fabrication /Reactor Facilities
The spent fuel from the open cycle operation can ultimately be
removed from storage reprocessed and the recovered fissile material
refabricated and recycled back to the reactors as shoing in Figure
4-30 for the case of plutonium recycle Similar cases could be de
picted for the recycle of bred U-233 in the thorium cycle

In Case continuous recycle of the recovered fissile material
is assumed involving shipments between the separate facilities The
spent fuel shipment contains some residual U-235 plutonium and
radioactive fission products After recovery of the plutonium it is

shipped to the mixed oxide fabrication plant where it is mixed with
natural or depleted uranium and these mixed-oxide fuel rods are
added to enriched uranium rods and the completed fuel assemblies
are shipped back to the reactor site The reprocessing and fabrica
tion facilities would typically service many dispersed reactor sites
not depicted on Figure 4-30

Case Integrated Reprocessing/1vIixed.oxj.e Fabrication
Facilities Here the fabrication and reprocessing facilities are com
bined or integrated on single site This co-location eliminates the
need for conversion of plutonium nitrate to solidfor offsite ship
ment of plutonium between these recycle facilities This is significant
particularly to costs because the plutonium in such shipment is
considered to be special nuclear material SNM that requires
special safeguarding The shipment to the reactor site of fuel
assemblies containing mixed-oxide rods is still required in Case

case LWR Energy Park In this case the reactors and the

reprocessing/Mo fabrication facilities are all located at an energy
park In such an integrate.d park no offsite shipments involving
plutonium are required to close the fuel cycle All recovered plu
tonium is fabricated into fresh fuel assemblies together with make
up uranium supplied from offsite and returned to the reactors for re
exposure Thus the reactors in the integrated park typically
operate in the self-generated recycle SGR mode in which the amount
of plutonium being exposed in the reactor is built up in successive
reloadings until in the equilibrium reloads the rate of plutonium
burning equals the rate of production from the conversion of the U-238
fertile material Such an SGR park operates independently It does
not solve the matter of presently dispersed reactors and the ship
ment and processing of spent fuel from them is still required
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CaseD Plutonium Burning PuB Park In Case the sizes of

the recycle facilities were constrained by the fact that the facilities

served only the reactors in the park and that in the SOR mode of

operation only about one-third of the fissile loading is plutonium By

contrast in Case it is assumed that the plutonium loading of the

reactor has been increased substantially all mixed-oxide and that

the increased plutonium exposure enhances the plutonium burning and

permits the utilization of plutonium imported into the park from dis

persed reactor sites or satellite parks operating on the open cycle

In this way plutonium is siipped only with spent fuel and only into

the park where it provides the fissile makeup loadings for the PuB

reactors

5.2
In this study it has been assumed

that the enrichment plant and its supporting facilities are not

necessarily incorporated into the LWR energy park site The enriched

uranium will be delivered to the park either in bulk or in rods or

bundles However some major considerations for incorpcratiflg en

richment facilities in the nuclear park are discussed below

Incentives Nuclear material safeguards considerations while

having little impact on low enriched light water reactor fuels could

provide significant incentive for co-location of an enrichment

facility with HTGR power plant and associated fuel fabrication

capability Onsite utilization of sizable block of electric power gen

eration might be considered significant incentive

Size of Installation 26 000 MWe LWR park operating in

_.

plutonium recycle mode is estimated to have an equilibrium refueling

requirement of approximately one millionkg SWU/year For an en

richment plant operating with approximately 25% tails the power

requirements would be approximately 300 MWe if diffusion plant

technology were utilized or perhaps 10% of this 30 MWe if

centrifuge installation were used

Siting Require 2st While one million kg SWU/year

installation is probably neconomiCally small for diffusion plant

some idea of site area requirements may be provided by scaling down

the USAECs Data on New Gaseous Diffusion Plants ORO-685 April

1972 for an 8.75 millionkg SWU/year capacity which called for

Site area
300 acres

Process buildings
50 acres

Support facilities
25 acres

Feed product and waste storage acres
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The costs for that present-technology facility were estimated at

approximately $1 billion in June 1971 dollars

Diffusionys.Centrifueforpar In practice for the relatively
modest scale of enrichment work visualized for parks presently under
study centrifuge facility which is believed subject to different

scaling laws than diffusion plant may be more appropriate Such
plant might be somewhat more compact in the process area it would
be optimized to more capital intensive and would generally have
similar support requirements with potentially greater nucleus of

operating personnel

Effluents No significant new effluent or waste problem is be
lieved to be brought to the site by the enrichment plant However
virtually all of the required electrical load would be dissipated as
additional waste heat at the site

OTHER FUEL CYCLES As mentioned cases similar to thosedisc above could be defined for other cycles such as the thorium
cycle HTGR or LWBR or the fast breeder reactQr LMFBR In the
case of the thorium cycle the LWR recycle facilities could not be
used so that there would be little incentive to mix the cycles in
park Instead more likely event is that thorium/U-233 recycle
would occur only in parks devoted solely to HTGRs Shipments of

highly enriched uranium would be required for the fissile makeup
loadings

Likewise the recycling of LMFBR fuel might require separate
facilities for reprocessing the LMFBR discharge However LWR
spent fuel and associated reprocessing facilities in the park might
be used to store plutonium that later could be used to provide the
initial LMFBR inventories see Case D1 in Table 4-11 As the
LMFBR fuel cycle became established the light water reactors
could be phased out

FUEL CYCLE LOGISTICS For the purpose of quantifying the
logistics of the various fuel cycle integration cases assumptions are
made as to the characteristics of the reactors involved Such data
are presented in the following

Reference Lotics Per 1000 MWe The initial loadings and
annual requirements of the equilibrium cycle are shown in Table 4-10
for various reactors scaled to 1000 MWe of electrical output

Data from the equilibrium LWR cycle is required under three
assumptions namely that no plutoniurxi is required in the fresh fuel
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Table 4-10 Typical Fuel-Cycle Data Per 1000 MWe Output 80% Capacity Factor 0.25 Percent U-tails

REACTOR 0LANT LIGHT WATER
INERT GAS LIQUID

REACTOR PE BWR
__________

PWR
___________ HTGR

METAL

INITIAL LOADING

REQUI RElENTS

HEAVY ISOTOES MT
80 80

32 TH 50

FISSILE ISOTOPE Kg
2246 2.03 W/O U-235 2884 Pu-f 1694 2.11 W/O U-235 2240 Pu-f

1387 93 W/O U-235 25OO Pu-f

U3O8
ST 554

420
389

SEPATIVE WORK MT 219
70 322

UNITS
_________ __________ __________ __________ ________

EQUILIBRIUM FUEL CYCLE OPEN CYCLE SGR PuB OPEN CYCLE SGR PuB OPEN CYCLE CYEZ33 BREED Pu

ANNUAL REQUIREMENTS

HEAVY ISOTOPES 31 31 31 28 28 28 7.6 7.6 20

FISSILE MAKEUP Kg 834 U-235 559 U-235 349 Pu-f 904 U-235 632 U-235 437 Pu-f 578 U235 334 U-235 NONE

FISSILE RECYCLED Kg NONE 353 Pu-f 722 Pu-f NONE 360 Pu-f 760 Pu-f NONE 92 U-233 1100 Pu-f

FISSILE SOLD Kg 240 U-235 161 U-235 NONE 242 U-235 189 U-235 NONE 34 U-235 26 U-235 60 Pu-f

171 Pu-f 188 Pu-F 172 U-233

U308
ORE NO ST 175 223 117 NONE 184 235 123 NONE 53 86 NONE

RECOVERY

SEPARATIVE WORE MT 102 105 68 NONE 119 124 80 NONE 27 72 NONE

UNITS

NO ADJUSNENT FOR REACTIVI RECTION EFFECT OF U-236 IN RECYCLED



open cycle that fissile plutonium is in the fresh fuel to just the extent
it is in the spent fuel SGR and that the fissile enrichment of the fresh
fuel is only plutonium PuB The LWR Open Cycle and SGR data of
Table 4-10 were inferred from industry sources FUEL TRAC
reports The PuB data are extrapolations assuming constant burnup
and all mixed-oxide loadings The data for the HTGR shown for

completeness was inferred from published reports l9 The LMFBR
data are rough estimates

Although it has been assumed in Table 4-10 that the transition to
the LWR SGR mode begins with an initial enriched uranium core plu
tonium could be used in the initial cores and early reloads as well
In the PuB case it is assumed that only plutonium fissile loadings are
involved so that plutonium burning begins as soon as the PuB operates
although this requires that substantial reprocessing of open-cycle-
produced spent fuel must precede the PuB reactor operation

librim Lo tics for Various Park Cases The annual fuel-
cycle logistics for various equilibrium cases is shown in Table 4-11
The cases are distinguished by the location and type of coalescing of the
recycle facilities and by the number of 1300 MWe reactor units involved
For example the case designation N4PC means four nuclear reactor
units in park Case Similarly N2ODO refers to 20 nuclear units
at dispersed sites Case Table 4-11 will be referred to later in the
discussion of the transient growth situation in parks

The transportation tonnages shown in Table 4-11
include the shipment from the enrichment plant to the fabrication

facility and the return of reprocessed uranium for recycling through
the enrichment uroces

The transportation data of Table 4-11 become more meaningful if

they are related to the paths in Figure 4-21 to better characterize the
nature of the shipments Such an analysis is shown in Table 4-12 for
the 26000 MWe cases

From Table 4-12 it can be seen that with Case as base the

integration of reprocessing and fabrication in Case eliminates the
SNM shipment of plutonium but otherwise the transportation picture
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Ta1c 4-1l Annal tc- luIliriun1 joel Cycles

Cases 0.n cy

Bispersed lilities

13 Ic.tcgratcd lacilitics

Park Facilities

PuB facilities

DispersudScs ____
________

or Energy Parks
Dispersed Sites Energy Park io Dispersed Sites PuB Energy Park Dispersed Sites or Satellite Par8s

Cen Cvcie Reactors MWe 5200 26000 --- __ 12100 18200 60500 104000

SGR Pu-Recycle Reactors MWe --- --- 5200 26000 ---

PuB Reactors MWe --- -- --- ___ 5200 7810 200i
_________

Tot1 cr MWe 5200 26000 5200 26000 17300 26000 86500 130000

Fuel Rearocessing and

cc every

Heavy Isotopes MT --- --- 146 728 454 7211 2422 364

FssiH MT --- --- 1.0 49 2.9 4.4 14.6 25

Fisslie Pu MT --- --- 1.9 9.4 6.2 9.4 31

Mixed 0ice Fuel Fabrication

Heavy Igotees MT --- --- 44 218 146 218 723 726

Fsie Pu MT --- --- 1.9 6.2 9.4 31 31

Disharg.d Fuel Storage

Spent Fuel MT 146 728 --- --- -----

Fissie Pu MT 1.0 4.9 --- --- ---

SNM Fiasile Pu MT --- --- --- --- --- --- ---

Recuir uci ate Support

Era cliru Fabricaion

iE-avv isotopes MT 145 728 102 510 338 510 1694 2912

Fssiie MT 4.7 23.5 33 16.4 10.9 16 54.7 64

T_30g Ore ST 070 486.0 650 3250 2260 3400 11300 19400

Scoarative Work MT 730 3640
__________

470
____________

2340 __________
1700 2550 8470 14600

Fuel Reorocessing and

MC Fabrczion
None None Separate Integrated Integrated Separate Integrated Integrated sn PuB in PuB in PuB in Puu

Trrutier
Heavy Isotopes MT 437 2184 641 597 306 3204 2986 1530 1357 2040 6787 11657

Fisslie NIT 10.7 53.3 11.8 11.8 7.5 59 59 37.7 27.7 41.6 133 2113

Fissile Pu MT 10 4.9 5.6 3.8 --- 28.2 188 -- 2.3 34 11.3 19.6

N4OA N4D3 N4PC
00A N2ODB 8480 NSPD N200



Table 4-12 Characterjaiin 011-Sip FneT SJiip ul Ier \e ho 26 000 MWase0aseAPath Nature Heavy Fissile Eissile Heavy Fissile Fissilc Heavy Fissile Fissile Heavy Fissile Fissili Heavy Fissile Fissile

1tg of Is oto es Pu Isolo cs Pu Soto CS Pu Isotopes Pu Isoto Cs Pu

4-21
Shipment MT MT MT MT MT MT MT MT MT MT MT MT MT MT MT

Enriched 728 23.5 --- 510 16.4 --- 510 16.4 --- 510 16.4 510
16.4

UF6

Fabricated

Uranium --- --- --- 510 16.4 --- 510 16.4 --- 510 16.4 ---
Fuel

Fabricated

Fuel
728 23.5 728 16.4 9.4 728

16.4 9.4 --- ---
510 164

Assemblies

Spent Fuel

Assemblies 728
728 9.4 728 94 __ __ 510 4.4 3.4

Bulk

Plutonium
218 -- 9.4and UF6

Depleted

UP
510 4.9 510 49 510 4.9 510 4.4

___ ___



is changed Case further reduces the shipment of plutonium

less in the spent fuel and none in the fabricated fuel Finally in

the fully integrated energy park concept Case the shipment of

uranium is minimized and no spent fuel or plutonium is shipped at all

4.4.6.1 TRANSIENT APPROACH TO MATURITY IN SGR PARKS At

maturity an SGR park is assumed to contain from four to twenty

1300 MWe light-water reactors operating in the self-generated plu

tonium recycle mode in which all discharge plutonium is returned for

recycle in the reload fuel assemblies Initially each reactor is

started up with 13-235 enrichment only no plutonium is charged into

the reactor The plutonium-containing spent fuel is stored and later

reprocessed on the site to recover the plutonium which is then fabri

cated into mixed-oxide fuel rods

Although plutonium recycle could begin by gradually substituting

available mixed-oxide fuel for the 13-235 enriched fuel this would re

quire onsite reprocessing and mixed-oxide fabrication to be introduced

into the expanding park too early for full utilization Therefore the

spent fuel would likely be stored and plutonium recycle would begin

when the reprocessing and fabrication facilities could be in full opera

tion about midway through the reactor growth transient see Figures

4-32 and 4-3 The output of these facilities would then provide

plutonium-containing reloads that would convert the reactors to opera

tion in the equilibrium SGR mode

4-98



SGR EQUILIBRIUM OPERATION

au
iirr mrp

Jr ji10
10 15 20 25 30 35 YEARS

ioo SPENT..FUEL

STORAGE

50-
DISCHARGE GR DISCHARGE

150

REPROCESSING ___________________________________

100-

50

OE
SGR DISCHARGE

0L ________I_________________

INVENTORY

SGR RELOADS

th.-.r 4-
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The capacities of the recycle facilities shown in Figures 4-32 and
4-33 are determined by the requirements of the equilibriutn conditions
given in Table 4-11 The timing of the facilities is governed by the
plutonium logIstics associated with the reactor growth schedule and the
characteristics of the reactors operating in the open cycle and in the
SGR mode derived from Table 4-10 For example at 80% capacity
factor approximately years of open cycle operation will generate
enough plutonium to fuel the SGR-type annual reloads Another years
of operation with these reloadings is required before SGR discharges
are available Allowing about years for out-of-pile processing it is

therefore about 13 years before the equilibrium SGR mode is established

In the case of the ZO-unit SGR park of Figure 4-33 some spent
fuel storage is required during the open cycle operation in the period
before the introduction of the reprocessing plant the peak storage re
quirement is equivalent to the discharge from about two years mature
park operation For both SGR park sites there is also an accumulation
of recovered plutonium in the interval preceding the startup of mixed
oxide fabrication These storages would be reduced if the reprocess
ing and fabrication facilities were introduced in stages

44 6.2 TRANSIENT APPROACH TO MATURITY IN PuB PARKS

Figures 4-34 and 4-35 depict the growth transient in 4-unit and 20-unit
PuB parks respectively At maturity the PuB park is coupled to about
230% as much dispersed generating capacity as is in the PuB park itself

reflecting the ratio between the plutonium makeup requirements of

PuB reactor and the plutonium content of dispersed reactor operating
open cycle as given in Table 4-11 The ultimate sizes of the reprocess
ing and fabrication facilities is determined by the mature park require
ments shown by the equilibrium data of Table 4-10

410



20
ELECTRICAL CAPACITY

15
PuB PARK

10

DISPERSED SITES OR SATELLITE PARKS

10 10 15 20 25 30 YEARS

200C
SPENT FUEL STORAGE

100
LIflhII ThIL Ififlifi

11111

500
REPROCESSING

250 OPEN CYCLE DISCHARGE 55W
PuB DISCHARGE

________ If

10

RECOVERED PLUTONIUM INVENTORY

200
MO2 FABRICATION

100
PuB INITIAL CORES AND RELOADS

Figure 4-34 Fuel Cycle Transient In 4-Unit PuB Park Case N4PD

4-102



100

ELECTRICAL cIPACITY

UELAGE_
REPPOCESSING _________________________________________

2OOO

OPEN CYCLE DISCHARGE

1oac

Pus DISCHARGEL_
RECOVERED INVENTORY

___MO2 FASRIdATION ___________________________

uB INITIAL CORES AND RELOADS

Ii

Figure 4-35 Fuel Cycle Transient In 20-Unit PuB Park Case N2OPD

4-103



The timing of the facilities is constrained by the plutonium

logistics Since it is assumed that the initial PuB core as well as the

reloads are mixed-oxide fueled the reactor cirowth in the PuB park

must be preceded not only by dispersed site open cycle operation

but also by reprocessing and MO fabrication facilities Staged con

struction of the recycle facilities is required for the 20-unit uB park

As was the case for the SGR parks there will be periods of accumula

tion of spent fuel and recovered plutonium the latter requiring

special safeguarding

4.4 Summaryand Conclusions

Electrical generating capacity in the is expected to continue

growing at faster rate than total energy consumption Nuclear

energy growth is expected at even larger rate slowing down by the

end of the century as nuclear energy becomes the major source of

power for ele ctrical generation

Nuclear growth will place heavy demands on the uranium ore

supply and eventual rises in ore prices will increase the incentive

for ore-conserving options such as plutonium recycle in light water

reactors and fast breeder reactors fueled with plutonium However

the breeder reactor is not expected to have significant impact in the

next few decades and major facilities to implement LWR plutonium

recycle are not in place Therefore the current and near-term situa

tion will likely be characterized by the storage of spent fuel that is

the fuel cycle will not soon be closed to significant degree

Fuel cycle economics do not currently mitigate strongly against

storage mode of LWR operation in view of the now expected high cost

of the fuel reprocessing and mixed oxide fabrication required for plu

tonium utilization This is shown in Table 4-13 which reflects todayts

cost assumption as given in Table 4-14 In Table 4-13 it is seen that

in spite of storage costs and lack of recovered fissile credits overall

fuel costs are not significantly different from those expected with plu

tonium recycle or in non-plutonium loaded LWRs This would not be

true if fuel cycle assumptions made as recently as 1970 were used as

shown in the Tables

Such storage mode would have to be temporary to be consistent

with the synergism of LWRs supplying plutonium for breeders Also

thorium cycle reactors HTGR and LWBR are basically depen

dent on recycle although ERDA has current policy of buying spent

fuel from gas reactors This policy expire
at the end of 1977 but

may be extended in some form through 1983
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Table 4..13 LWR Fuel Cycle Costs With and Without Pu Recycle

CONTRIBUTION TO COST /MBfuft

COST COMPONENT STORE PLUTONIUM PLUTONIUM
AWAY RECYCLE

FRESH FUEL

URANIUM ORE 12 12
CONVERSION SAND

ENRICHMENT 10 10
PLUTONIUM
FABRICATION

SPENT FUEL

STORAGE
SH PMENT
REPROCESSING
WASTE STORAGE
RECOVERED FISSILE

CREDITS

TOTALS 32 32 32 13

1975 DOLLARS NO ESCALATION OF COSTS
OTHER ASSUMPTIONS EQUILIBRIUM CORE OPERATION AT 80%
CAPACITY FACTOR 0.25 W/O TAILS 8% INTEREST AND PRESENT
WORTH FACTOR 16% FIXED CHARGE RATE UNESCALATED

USING 1971 ESTIMATED COSTS FROM REFERENCE Pu VALUE
$7/g VS PRESENTLY ASSUMED $4/g FISSILE
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Table 4-14 LWR Fuel Cycle Cost Assumptions

COST COMPONENT VALUES USED 1975

PRESENT 1971

FRESH FUEL STUDY ESTIMATE

URANIUM ORE $/IbU3O8
13

CONVERSION $/kgU

ENRICHMENT S/kgSWU 42.5 26

PLUTONIUM to

$/kgUO2
II

FABRICATION 42

$/kgMO2
350

SPENT FUEL

STORAGE $/kgU/YR 10

TRANSPORTATION $/kgU 10

REPROCESSING S/kgU 160 45

WASTE HANDLING $/kgU 40

Indifference values
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In terms of parks vs dispersed generation there is little impactfrom storage mode because the safeguard risks are not great al
though if parks are later to have reprocessing facilities the spentfuel storage facilities might be located in the park

With the advent of plutonium recycle in LWRs the impact of the
park in terms of advantages it may offer with respect to safeguardingand environmental risks depends on whether there are dispersed
recycle facilities little impact from parks or whether the recycle
facilities are combined or integrated to reduce interplant plutonium
shipments particularly if these integrated facilities are at the park
so that no offsite shipment of even fabricated plutonium required

scenario in which plutonium recycle self-generated mode takes
place only in nuclear parks indicates that the reprocessing facilities
would be underutilized unless delayed during park growth and would be
of very small ultimate capacity unless the park was very large

Better matchups were found in scenario in which following
period of spent fuel storage from nearby dispersed sites reprocessingwas begun in advance of reactor operation in the park Light water
reactors operating as plutonium burners PuB would then come on
line in the park and consume the plutonium backlog Thereafter the
PuB plutonium requirements would come into equilibrium with the
plutonium generated in coupled dispersed site LWRs and shipped to
the park for plutonium recovery and burning

Operating LWRs are not necessarily capable now of operating in
the all-plutonium PuB mode so some design changes likely would
be needed Further studies of the characteristics of such burner
reactors are needed
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4.5 NUCLEAR FUEL REPROCESSING

Introduction

TASK OBJECTIVES In evaluating feasibility and economic
viability of nuclear energy parks consideration must be given to

facility requirements and costs for providing necessary fuel cycle

support services including those for disposition of spent fuel discharged
from the energy-producing reactors Because discharged fuel contains

highly radioactive fission products as well as fissionable material

unspent uranium and plutonium formed during irradiation engineered
facilities must be provided either to recover the materials of value
for subsequent recycle and consolidate the radioactive wastes for

ultimate disposal or store the discharged fuel for later reprocessing
or indefinitely if the cost of reprocessing exceeds the net value of the

recoverable products Figure 4-36

For integrated facility installations and for comparative dis
persed siting cases as well investment requirements for such back
end fuel cycle facilities are small compared to those for the reactors

they serve and the contribution of necessary spent fuel disposition
services to overall power generation costs also is small However
these factors may differ between energy park and dispersed site cases
and will vary within the range of park types capacities and arrange
ments that are of potential interest In fact onsite reprocessing and

recycle may not be viable for smaller capacity parks where facilities

sized to match local reactor needs only would have unit capital and

service costs which are several times those of more nearly optimum
sized plants

The primary objective of this task then is to provide input data

on fuel reprocessing for the overall evaluation of nuclear energy park
resource requirements economics environmental impact etc To
develop such data it is necessary to forecast the functional

regulatory and operational requirements that will apply to future

commercial fuel reprocessing plants in general define representa
tive plant concepts which meet these requirements for each of the

selected study cases and project plant facility and operating costs
implementation schedules and other factors of significance to the

overall evaluations

1.2 AVAILABLE RESOURCES number of studies have been pub
lished on nuclear fuel cycle facilities and operations

req1uied8to
support projected growth in power reactor installations

Relatively firm bases have been available for these studies in regard
to LWR power station U02 fuel supply considerations but there have
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been little or no production-scale data on commercial fuel reprocess
ing Pu recyle MO fuel fabrication radioactive waste management
and associated transportation functions Thus requirements and costs

in these areas have had to be drived from general parametric analyses
the results of which are noted to be inconsistent with most recent

commercial plant experience and trends

For fuel reprocessing in particular extensive information on

radio-chemical separations process and systems technologies is

available from USAEC facility operations and supporting programs
but commercial plant flow sheets and facility design features will differ

substantially from those of USAEC installations because of differences

in spent fuel feed characteristics recovered product forms economic

objectives etc as well as the considerably more restrictive regula
tions being developed for application to commercial plants Thus
general projections based primarily on prior USAEC facility experience

provide useful input to this study but additional information sources

must be utilized to develop projections of specific conditions and re
quirements that will apply to commercial reprocessing plants in the

time period of interest

Actual commercial plant project experience to date in the is

limited to the Nuclear Fuel Services General Electric and Allied

General Nuclear Services AGNS installations described in Table 4-15

and Figure 4-37 none of which are in operation at this time All

three have been designed to reprocess spent fuel from LWR power
stations for recovery of and Pu in useful forms All are based on

the same general body of available technology but vary significantly

in process and design details due to differences in initial functional

objectives as well as changing conditions over the differing project

schedules In particular there have been changes in regulatory

policies and requirements in the course of these projects which have

had substantial impact on plant facilities and operations and number
of areas of potential regulatory action likely to have further impact
remain to be resolved Also recent project experience has indicated

unanticipated trends in design and construction costs for highly engi
neered facilities built to the exacting safety environmental protec
tion operability and quality assurance requirements applicable to

commercial repr.oces sing plants Detailed design and cost data have

not been published for these projects but such information as is avail
able must be utilized in this task In particular cognizance must be

taken of AGNS plant investment requirements most recently

announced as approaching $500 million in projecting future reprocess
ing facility costs
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Table 4-15 Commercial Spent Fuel Reprocessing Plants

WEST VALLEY BARNWELL NUCLEAR MIDWEST FUEL

PLANT NAME REPROCESSING PLANT FUEL PLANT RECOVERY PLANT

DOCKET NO 50201 50332 50268

OWNER NUCLEAR FUEL SERVICES INC ALLIED-GULF NUCLEAR SERV GENERAL ELECTRIC COMPANY

SITE WEST VALLEY NEW YORK BARNWELL SOUTH CAROLINA MORRIS ILLINOIS

30 MILES SOUTH OF BUFFALO EAST SIDE OF SAVANNAH SOUTH SIDE OF DRESDEN

RIVER PLANT NUCLEAR POWER STATION

STATUS PROCESSED 63OMTU SCHEDULE STARTUP 7/76 CONSTRUCTED I96774
19661970 EXPANSION SPENT FUEL STORAGE DISCONTINUED FOR

AND HARDENING BY I979 ONE YEAR EARLIER OPERABILITY PROBLEMS

BEING MODIFIED FOR FUEL

STORAGE ONLY 1975

CAPACITY 300 MTU/YR 19661970 MTU/D 1500 MTU/YR REPROCESS MTU/D 300

750 MTU/YR EXPANSION LESS FOR HIGHER ENRICH MTU/YR STORE 90 MTU AS

IS

FUELS LOW ENRICHMENT LWR LOW ENRICHMENT LWR LOW ENRICHMENT 5% U-235Y

UO2
OR PuO2UO2 HIGH 3.5% U-235 OR 29 KG LWR UO2

OR PuO2UO2

ENRICHMENT EQUIPMENT BEING FISSLE Pu PER MTU

REMOVED THORIUM-URANIUM 40000 MWD/T AVERAGE

OXIDE POTENTIAL 160 DAYS DECAY

PROCESS PUREX TRIBUTYL PHOSPHATE PUREX WITH PROPRIETARY AQUA-FLUOR PUREX AND

IN KEROSENELIKE SOLVENT FEATURES FLUORINATION

PRODUCTS Pu NITRATE UF6 Pu02 UF6 NP NITRATES UP6 Pu AND NP NITRATES

WASTE FOF1S OFFGAS STACK HARDWARE OFFGAS STACK HARDWARE OFFGAS STACK HARDWARE

VAULT LIQUID TANKS VAULT LOW ACTIVITY VAULT LOW ACTIVITY TANKS

TANKS HIGH ACTIVITY HIGH ACTIVITY SOLIDS IN

TANKS CANS IN POOLDRY CHEMICALS

___ __ LUO DES VPL __



WEST VALLEY BARNWELL

MASHi 174-70 AND DOCKET 50201 WASHil 74-70 AND DOCKET 50332 SAR NEDOlOl 78 AND DOCKET 50268

RECEIVING RECEIVING RECEIVING
STORAGE POOL STORAGE POOL POOL

SHEAR ENDS Gd SHEAR SAW BUNDLE ENDSBUNDLE RODS OR Cd
BUNDLE RODS OFFGAS

SHEAR RODSPOISON TREATMENT ______________

_____
ROD HULLS
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PUREX AND

STACK HOT NITRIC ACIDILEACH
PROPRIETARY LEACH ROD HULLS

DISSOLVE
LEACH DISSOLVEWASH

DISSOLVE
ENDS HULLS

WASHSTORAGE __ 1eWASHVAULT

STORAGE
_____________ STORAGE

LOW ACTIVITY VAULT
LOW ACTIVITY OFFGAS VAULT

STORAGE TANK
STORAGE TANEXTRACTION

SOLVENT TREATMENT
OFFGAS

KI OFFGAS

EN

PUREX OFFGAS WASTE TREAT

LE

TREAT

kREATM
SOLVENT

PRODUCTS CENTRIFUGAL FP Np
SOLVENT

FISSION STACK

PUREX
RECOVERY

ACTINIDES SOLVENT EXTRACTION
EXTRACTIONEXTRACTION

PuU
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SOLVENT SOLVENT
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STORAGE TANKS
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__ LIQUID WASTE CONCENTRATE
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Pu CALCINER
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ION

STRIPPING STRIPPING HIGH LEVEL
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Finally significant prior work has been done on potential nuclear

energy park configurations incding
consideration of reprocessing

plant support requirements Results of these studies are of

considerable value but in regard to reprocessing it is noted specifi

cally that most recent trends in facility requirements and costs are

not reflected therein

For the present task latest information available from commer
cial plant projects as well as from various industry and government

agency publications on regulatory trends design concepts implemen
tation costs and colocation effects has been utilized to provide suit

able input data for evaluation of the alternative energy park study cases

selected for consideration

4.5 1.3 KEY ISSUES The following three issues are of particular

significance to task objectives

Regulatory Requirements in the Time Period of Interest

State of the Reprocessing Business

Plant Project Considerations

Regulatory Requirements in the Time Period of Interest As

noted earlier regulatory policies and constraints applied to fuel re

processing have substantial impact on facility requirements and

costs Thus study conclusions may be affected significantly by the

assumptions made regarding future policies and constraints

Regulations in effect during early consideration of commercial

plant licensability were written primarily for assuring LWR safety

As more attention has been given to regulatory requirements specifi

cally for reprocessing facilities and operations it has become

apparent that prior experience in licensing the three commercial

plants does not provide completely sound precedent for future installa

tions Necessary regulatory approvals for construction and initial

operation of the NFS plant were obtained in the early l9601s Since

that time detailed requirements have been established in such areas

as design safety waste management environmental protection and

nuclear materials safeguards which the NFS plant as originally built

could not meet and the plant has been shut down since 1972 for

necessary modifications and additions

1Colocation in this context means fuel reprocessing and fabtica

tion facilities located on the same site in contrast to other

contexts where colocation1 means adjacent industries using the

power or process heat from the nuclear plants
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The GE-MFRP plant was granted construction permit in 1967 and
the operating license application proceeded through ACRS Advisory
Committee on Reactor Safety review and notification by the AEC in

1972 of intent to issue an operating license However the plant was
not started up because of process system operability problems and it

now appears from most recent regulatory actions and trends that the

as -built plant would not be considered licensable in the time frame of

interest without modifications and additions in certain areas

transuranium-contaminated waste cons olidation and packaging The

MFRP construction permit was terminated and license for operation
only as storage facility for irradiated fuel was issued in August 1974

The AGNS plant was most recently granted construction permit
and is now- 90% complete It too was subject to modification in the

course of detail design and construction as additional regulatory require
ments evolved Pu conversion waste segregation and treatment etc
and there still are uncertainties in regard to ultimate requirements

remaining to be resolved transuranium-contaminated waste manage
ment high level waste fixation safeguards and physical protection
etc.

1n regard to current actions and trends amendments proposed in

September 1974 to IOCFR5O Licensing of Production and Utilization

which would add appendices on General Design Criteria
for Fuel Reprocessing Plants and on General Criteria for Protec
tion of Fuel Reprocessing Plants and Licensed Material Therein
finally were published early in 1975 These criteria are intended to

establish minimumrequirements for protection of public health and

safety for the range of operating and accident conditions of particular
concern in fuel reprocessing facilities and operations rather than

requiring interpretation of reactor criteria

The general safety criteria having direct effect on facility designs
and costs multiple confinement barriers of demonstratable integrity
resistance to seismic and wind forces maintainability of safety-
related systems nuclear criticality safety process control and alarm
effluent control and monitoring etc apply to energy park as wel1 as

dispersed site cases but impact on unit investment and operating costs

will vary with plant capacity over the range considered These cri
teria may be further expanded and refined with time but are not ex
pected to be escalated to the extent that reactor safety criteria have

been since they were first established

The particular criteria on proximity of nuclear facility sites and

on sharing of facilities among plants on the same general site are
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likely to receive additional attention in view of regulatory agency

interest in colocation and functional integration reprocessing

and Pu fuel fabrication plants to facilitate fissile material control

and waste management In response to Congressional action

special study group has been set up by the AEC announced 12/74 to

identify sites for regional nuclear energy centers including multiple

nuclear power plants and possibly spent fuel storage and reprocessing

new fuel fabrication and uranium enrichment facilities as well This

study now being directed by the Nuclear Regulatory Commission

NRC will also consider safeguards measures related to Pu recycle

and the feasibility of establishing Federal security agency to protect

nuclear facilities against sabotage and nuclear materials against

theft Results of this and follow-on studies are likely to have substan

tial impact on future regulations which in turn may affect the relative

merits of the alternative cases considered here but probably not to

very great degree

major uncertainty is in regard to ultimate regulatory reqiire

ments for radioactive waste management which will affect reprocess

ing plant facilities and operations waste collection segregation

treatment packaging and onsite retention as well as overall fuel

cycle considerations Federal agency charges for acceptance interim

storage conversion and final disposal as discussed in section 4.7

The present policy and regulations set forth in IOCFR5O Appendix

Fuel Reprocessing Plant Siting and Waste Disposal address only

high activity wastes those from first cycle of solvent extraction in

fuel reprocessing plant or equivalent and are based on the concepts

of short term years accumulation of such wastes as liquids at

the reprocessing plant conversion to solid and direct shipment to

Federally-operated salt mine repository within 10 years after genera

tion Since Appendix was issued AEC plans changed to call for

shipment of high activity wastes from reprocessing plants to

Federally-operated Retrievable Surface Storage Facility for interim

retention while publicly acceptable provisions for permanent dis

posal are being developed and implemented l5 The additional

handling and storage steps involved with this approach have led to

consideration of specific solid waste form and/or final treatment

process requirements
10

beyond those called for in the present regu
lations Also included in the final disposition alternatives being

considered is separation of the very long-lived actinide transuranium

Am Cm etc constituents from the bulk of the high level fission

product wastes to reduce the volume requiring permanent isolation

from the biosphere This alternative would necessitate substan

tially different and considerably more costly approach to reprocess

ing plant waste management than has been considered in any facility

designs to date
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In regard to other than high activity level wastes previously

published regulations have not included clearly defined management
requirements but there has been continuing concern in regard to

ultimate disposition of lower level wastes containing very long-lived

alpha emitters such as certain of the Pu isotopes from irradiated

fuel In late 1974 the AEC published proposed amendment to IOCFR2O
Standards for Protection Against Radiation which would require that

waste material containing or contaminated with transuranium elements

be solidified and packaged for transfer as soon as practicable after

generation and within years to the AEC or its successor agency
which would be responsible for subsequent storage treatment and

disposal and would levy fee on the generator of the waste to cover

all costs for such activities Because of the very low level of alpha

activity proposed as the basis for classifying wastes as transuranium
contaminated significantly below practical detection limits virtually

all process wastes from fuel reprocessing plants would fall in this

category Thus the final form in which this regulation is issued will

have substantial impact on future reprocessing plant facilities

operations and associated costs

Another area of current regulatory action affecting the various

energy study cases is in regard to spent fuel storage Requirements

applicable to reactor station and reprocessing plant facilities for hold-

up of fuel awaiting reprocessing are covered in existing regulations

However in recognition of the fact that commercial reprocessing

capability is unlikely to keep up with spent fuel availability proposed

Regulatory Guide 24 entitled Guidance on the License Application

Siting Design and Plant Protection for an Independent Spent Fuel

Storage Installation was issued in January 1975 to cover the larger

capacity longer retention facilities not previously anticipated as being

necessary Requirements proposed therein are such that even these

spent fuel storage facilities will be highly engineered and relatively

expensive This will impact on projected costs for certain study

cases of potential interest and may affect conclusions regarding the

relative merits of immediate onsite reprocessing versus accumulation

of spent fuel for deferred processing or throwaway permanent
disposal without and Pu recovery and recycle To date there has

been no authoritative indication as to regulatory policies or require
ments in regard to throwaway fuel cycle
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State of the Reprocess insn Period of

Interest Apart from potential energy parks having their own dedicated

support facilities current and projected LWR reactor station installa

tions would require four or more additional reprocessing plants of

500 MTU/yr capacity in operation by 1990 to accommodate the avail

able spent fuel load Figure 4-38 Because fissile Pu is more diffi

cult to protect and possibly more expensive to store after recovery

and cleanup than when still in the irradiated fuel it is likely that these

reprocessing capacity additions will not be scheduled for operation

until facilities areavailable for utilizing the recovered products

Mixed Oxide fuel fabrication plants As discussed in section

regulatory policies related to M02 fuel are just now being

developed and regulations applicable to fabrication and utilization of

such fuel are not expected to be in place before 1977 Lead times for

fuel design selection and qualification and for fabrication facility design

construction and licensing are such that production quantities of re

covered Pu will not be in demand for recycle until about 1986 In the

meantime discharged fuel will have to be stored unreprocessed 11

Pu recycle is permitted and necessary regulations are then estab

lished reprocessing capacity still may not be added rapidly to match

available load because

Fuel reprocessing is inherently capital intensive business

requiring significant price/cost ratios to justify investment

Regulatory trends appear certain to increase the cost of

reprocessing and associated transportation and waste

management functions and also to reduce the value of

reprocessing services by increasing the cost of recovered

product utilization

Recovered product value will vary with the price of

the all-U02 fuel alternative virgin uranium feed and

separative work

Economic justification for reprocessing also will be

affected by the cost of the throwaway1 alternative

Therefore commitments required to provide additional reproce sing

service capability on commercial basis are likely to be delayed

until the impact of deferred reprocessing on uranium suppy and en

richment 1JO fuel fabrication and spent fuel storage becomes apparent

and the alternative throwaway cycle is evaluated under those condi

tions For the present study this issue affects the dispersed site

case to which the LWR energy parks are compared and to some

extent the assumptions made as to availability of demonstrated
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process and plant design technology on which optimized energy park

reprocessing plants could be based

Commercial HTGR and LMFBR fuel reprocessing is even farther

in the future The scope and timing of AEC ERDA programs for

developing necessary technologies as well as probable difficulties in

the transition of such technologies to industry indicate that reprocess

ing plants to support energy parks using these types of reactors could

not be built in the time frame of interest For the breeder reactor

fuel cycle in particular practical provisions for rapid return of

recovered Pu to the fuel cycle as required to achieve reasonable

doubling times are likely to take almost as much effort to develop and

demonstrate for commercial application as the reactor systems them

selves Current indications are that industry will be participating in

and contributing to support program direction and implementation but

detailed plans and schedules on which to base projections have not yet

been defined

Plant Pr2ject Considerations Unit costs for implementation of

reprocessing plant design and construction projects have substantial

impact on this task and on overall study conclusions Based on

published information projected costs for plants of given size in

creased by more than factor of frur between 1970 and 1974 Much of

this increase was due to additional functional requirements and unantici

pated escalation rates However recent experience with material

shortages price jumps no bid responses on special orders calling

for compliance with rigorous material certification and quality assur

ance requirements shortages of qualified craftsmen for special fabri

cation processes etc has required further major upward adjustments

in scaling factors and unit costs for estimating and scheduling reprocess

ing facility projects All of the alternative study cases are affected but

it is noted that depending on institutional arrangements and schedule

relationships there may be advantages to nuclear park construction

from onsite fabrication shops craftsman training programs bulk

material ordering etc for reprocessing plants as well as reactors

4.5 1.4 METHOD OF EVALUATION In the implementation of this task

review was made of prior parametric studies on fuel reprocessing

plant facility requirements and costs and of available information on

business and regulatory trends commercial plant project experience

nuclear facility integration considerations etc Bases and assump
tions deemed appropriate for this phase of the study were defined

and evaluation was made of facility investment and unit operating costs

as function of throughput for the range of capacities of interest in

cluding allowances for anticipated regulatory functional and oper

ability requirements The sensitivity of these general relationships
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to the bases and assumptions used was then assessed and adjustments
were made to reflect most recent information regarding regulatory
actions and plans independent business sidies and analyses etc
Specific plant concepts for the various study cases were then defined

and input data developed for the overall evaluation of energy park
feasibility and economic viability

Bases and Assumptions--Fuel Reprocessing

GENERAL In regard to capability it is assumed that an indivi
dual reprocessing plant will be designed to accept limited range of

spent fuel types Minor variations in fuel geometry initial enrich
ment materials and methods of construction can be accommodated
without significant increase in facility investment or unit recovery
costs but it is not considered feasible to reprocess both low and high
enrichment fuel in the same facility for example Fortunately for

the industry all projected LWR fuels are of sufficiently similar design
to be accommodated in common facilities Reprocessing mixed

U02 Pu02 fuel of currently projected designs in plant whose prin
cipal feed is straight 1302 fuel would result in some process system
imbalance but thepenalty in attainable throughput and unit recovery
costs would not be unreasonable if the requirement had been anticipa
ted in the plant design For this task primary attention has been

given to single-purpose LWR fuel reprocessing plants capable of

accommodating MO2 recycle as well as straight U02 fuel designs

In regard to reprocessing capacity requirements the reference
1300 MWe LWR plants as defined are indicated to discharge37 MTU/yr
based on plant utilization factor of 80% net thermal efficiency of

31% and fuel exposures of 33 000 MWD/MTU at discharge On the

basis that goal exposures this high may not be achieved on the average
it is assumed that 40 MTU/yr of reprocessing plant capacity should
be provided for each of the reference LWRs served in the various

study cases 3l MTU/yr/l000 MWe

REGULATORY Assumptions regarding regulatory requirements
and constraints used in this task are summarized below

Plant Safety Currently published and proposed regulations and

regulatory guides as described in provide appropriate bases
for establishing operating and accident safety requirements for re
processing plants in the time period of interest Continuing refine
ments in design seismic response spectra bench-marked nuclear

criticality calculation methods etc are expected but it is assumed
that no new requirements of major significance will be imposed
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Require

ments will be per currently ptiblished and proposed regulations to the

extent defined with the additional assumption that colocation of re

processing plants and matching MO2 fuel fabrication facilities will be

encouraged if not required by future regulatory actions

In regard to radioactive or contaminated

wastes it is assumed that evolving policies and regulations will

result in the following requirements

Collection and Control Release of liquid effluents or direct

ialofsolidffluents will not be permitted All such wastes

will have to be collected segregated treated and stored in

manner permitting retrieval and offsite transfer at decommis

sioning if not before including contaminated scrapped equip

ment tools etc

Only limited holdup as liquid

will be permitted 1-2 months instead of years per

present policy following which it will have to be solidified

calcined and glassified and packaged for storage until

transfer offsite

Transuranium_contaminated Waste Treatment Alpha limits

will be such that all major low level waste streams including

fuel cladding hulls failed process eqiipment etc will require

consolidation and packaging per regulations currently proposed

limited holdup prior to offsite shipment Treatment of trans

uranic wastes from colocated MO2 fuel factories will be per

mitted in reprocessing plant facilities

evelNoæ-Al Was Treatment Centralized energy

park facilities for handling this category of wastes will be

permitted Packaging for offsite shipment will be necessary

but treatment and consolidation steps generally will be based

on operational considerations rather than specific regulatory

requirements

Onsite Waste Storage Centralized energy park facilities for

wastes will be permitted Those

for high level wastes will be designated as authorized Retriev

able Surface Storage Facilities direct transfer therefrom to

final disposal Non-radioactive waste treatment and disposal

will be in accordance with current industry requirements
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Environmental Protection As Low As Practicable standards
applicable to reprocessing plants equivalent to 1OCFRSO Appendix
for reactors will be established which will require multiple treat
ment steps for process offgases including krypton and tritium re
moval packaging and ultimate transfer to Federal custody for long
term storage and disposal Plant release and environmental monitor
ing requirements will be of presently specified scope but with improved
sensitivity to meet tighter limits

4.5.2.3
Reprocessing functions are

assumed to extend from spent fuel receiving to preparation of recovered
products and packaged wastes for shipment Spent fuel shipping casks
and associated transport equipment and operations are discussed later
under Transportation as are secondary reusable product and waste
shipping containers etc Assumptions regarding process functions on
which reprocessing plant concepts and costs have been based see
Figure 4-39 are as follows

Fuel Receipt and Storage For the dispersed site case receiving
facilities must be capable of handling rail casks up to the maximum
size l25 tons and truck casks as well since not all reactor stations
are capable of utilizing rail casks To accountfor discontinuities in

fuel availability and shipping schedules facilities must be capable of

handling arrivals at up to twice the average rate based on reprocess
ing plant capacity and cask pay loads Standardized casks of near
maximum capacity and more closely integrated fuel discharge and
shipping schedules are assumed for the cases of reprocessing plants
serving specific energy park reactors but receiving facilities still

should be capable of handling times the average arrival rate

The receiving functions include cask washdown flush and monitor
ing before unloading as well as decontamination of emptied casks
prior to return for reload It is assumed that the dispersed site plant
would receive both water-filled and dry-cavity casks and must have
somewhat more extensive facilities for these operations than would an
energy park plant where only onsite movement of one cask type would
be required

Cask service facilities for remedial and preventive maintenance
periodic inspection and testing etc are assumed to be required for
all plants with only minor differences between dispersed site and
energy park cases due to the types of casks that would be handled

Removal of fuel bundles from the shipping casks and transfer of

removed bundles to underwater storage while awaiting reprocessing
are necessary functions in all cases For the dispersed site case it
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is assumed that interim fuel storage capacity in excess of that required
to assure continuity of reprocessing operations will be provided to

accommodate the expected mismatch between available load and re
processing capacity equivalent to two to three years of plant opera
tion For the energy park cases it is assumed that interim fuel

storage facilities will be available to handle spent fuel from initially

installed reactors one half to one year after discharge when short-
lived radioactivity has decayed to facilitate loading and transfer but
that reprocessing systems will not be completed and put into operation
until sufficient spent fuel has accumulated to support operation at

desigr capacity equilibrium output of all associated reactors
once the plant is started up On this basis maximum fuel storage
at the reprocessing plant just prior to startup would exceed that

required to assure operating continuity for Udedicated plant under

equilibrium conditions equivalent to one half to one year operation
at design capacity For these cases it is assumed that reactor pools
would be utilized to the maximum extent practicable and that the re
maining fuel can be accommodated in the reprocessing plant under
water storage facility for packaged high level waste which otherwise
would not begin to be used until after fuel reprocessing operations had
been initiated

To minimize the physical size of fuel storage facilities and to

facilitate subsequent feed preparation steps it is assumed for all

cases that the additional function of underwater fuel bundle dis
assembly and grouping of separated rods into more compact arrays
for storage and transfer will be incorporated

Feed Preparation Functions assumed for gaining access to the
fuel core material as required for subsequent chemical process opera
tions are shearing the fuel rods into short lengths and leaching the core
material out with hot nitric acid For all cases it is assumed
that leaching systems will be designed for dissolution of mixed UO2-
Pu02 core material In this regard it is further assumed that MO2
fuel secifications will include provisions for assuring dissolvability
of such mixtures by limiting PuO2 content and particle size
and by establishing homogeneity or solid solution standards with
out requiring use of more aggressive reagents or much longer leacher
residence times for dissolution

Other functions associated with shear/leach include separation
of the fuel cladding hulls from the dissolved fuel solution rinsing
and monitoring for completeness of dissolutin recycle for further

leaching if required and preparation for interim storage and ultimate
disposal as transuranium-contarninated waste For all cases it is

assumed that the cladding hulls will be compacted prior to packaging
to minimize unit costs for containers handling transport and disposal
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Input accountability measurements and chemical adjustment of

the fuel solution prior to further processing are included in the overall

feed preparation function and are assumed to be per present practice

for all cases

Chemical Separations Functions include initial de contamina

tion of the process stream separation of the various products from

each other partitioning purification and conversion of products to

meet subsequent utilization requirements and collection and routing

to treatment of various process waste streatns Although there are

other elements of potential commercial interest it is assumed in all

cases that only and Pu will be recovered

In rgard to product purity and form it is assumed that the bulk

of the recovered will be re-enriched for reuse in fuel fabrication

On this basis conversion to the form of UF6 meeting diffusion plant

feed specifications is indicated At present these include certain

limits which are affected by reprocessing operations and others relat

ing to isotopic content which reprocessing cannot affect Of the former

category limits on alpha activity from transuranics are particularly

significant The present limit of 1500 disintegrations per minute per

gram of is scheduled to be reduced to 25 d/m/g in 1976 on the basis

of alpha exposure control considerations under expected conditions with

significant fraction of the diffusion plant feed being recycled It is

assumed for all cases that this limit will have to be met by specific

reprocessing plant provisions for reduction of Pu and Np levels in

the UF6 product It is assumed that other limits in the controllable

category volatile fluorides hydrocarbons nitrogen compounds

and certain trace elements particularly troublesome to cascade opera

tion can be met without significant impact on reprocessing plant

facility requirements and costs

The most significant limit among those not affected by reprocess

ing operations per se is in regard to U-232/U-235 ratio Because

U-232 daughters interfere with detection of the 185 key photon from

U-235 which is used in the diffusion plants to monitor deposition of

U-235 in the cascade limit of 110 parts U-232 per billion parts U-235

has been in effect This is scheduled to be increased to 300 ppb U-235

in 1976 based on improvements in available monitoring equipment

The two main sources of U-232 in spent fuel are irradiation of

trace thorium in the fuel feed and decay of Pu-236 formed during

irradiation The levels of thorium found in virgin uranium are such

that U-232 from this source can be kept to small fraction of the

future limit 10% or less by feed material specifications which can be

met without significant impact on the available supply Pu-236 on
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the other hand is formed primarily from U-235 and U-238 decay
chains and thus cannot be controlled by feed specifications The
amount of Pu-236 present is strong function of fuel exposure and the
U-232 content from this source also depends on the decay time prior
to reprocessing For high exposure LWR fuel 30 000 MWD/MTU or

more U-232 from this source would build up from 40 ppb after

years of decay and for longer delays in reprocessing would reach

peak of l50 ppb which could result in the new limit being approached
but probably not exceeded

It is likely that uranium which has been recycled through LWRs
second time would have too high TJ-232/U-235 ratio for re-enrich

ment in diffusion plant Other isotopes presenting potential opera
tional and economic penalties in recycle are U-234 and U-236 Both
complicate production of highly enriched if substantial quantities of

recycled feed are introduced into the cascades In addition U-236 is

effectively neutron poison in thermal reactor so that higher initial

enrichments Or shorter attainable exposures are required to compen
sate for its presence To date there has been no indication as to what
restrictions or economic penalties may be established for reprocess
ing plant product containing these isotopes but calculations based on
additional separative work requirements to provide equivalent
reactivity indicate that recovered from high exposure LWR fuel
would have value on the order of 60% that of virgin at the same
U-235 content Multiple recycling would further reduce the value
for thermal reactor fuel application

On these bases it is assumed for this study that regardless of

decay time prior to reprocessing UF6 recovered from fuel which has
had only one high exposure LWR irradiation period can meet future

enrichment plant acceptability requirements but that detailed calcula
tions of fuel cycle costs for specific study cases should account for
the discounted value of first recycle material and essentially zero
value of which has undergone two or more cycles of irradiation

In recognition of regulatory concerns regarding diversion poten
tial of separated Pu in transit it is assumed in all cases that repro
cessing plants will be colocated with MO2 fuel fabrication facilities

capable of utilizing all of the Pu recovered On this basis the form of

the recovered Pu would be tailored to the head end requirements of

the companion MO2 fuel factory wide range of alternative inter
face arrangements is possible but for this study it is assumed that re
processing plant functions will include wnversion to ceramic grade
PuO2 power suitable for mechanical blending to produce MO2 of

appropriate homogeniety and limited maximum particle size Also
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in the interface area it is assumed that the reprocessing plant will

provide certain Pu-bearing scrap recovery services for its com

panion MO2 fuel factory Because timely utilization of all recovered

Pu cannot be assumed provisions for product storage and safeguards

and for recycle to remove americium which builds up with extended

storage are included in the reprocessing plant considerations

Waste Treatment an acgi Facilities and operations

required to put all radioactive or contaminated wastes into forms

meeting projected Federal agency acceptability criteria are included

under reprocessing as are those for providing onsite protected storage

while awaiting shipment With virtually all process waste streams re

quiring consolidation packaging interim storage and ultimate offsite

transfer it is assumed that segregation and treatment will be based

on minimizing the overall impact of waste control and disposal re

quirements on fuel cycle costs Acceptance and disposal charges as

well as shipping costs probably will be on per-container or per-unit

volume basis For this reason waste compaction function are in

cluded in the various reprocessing plant study cases

In regard to interim waste storage it is assumed that energy park

facilities for protected storage of packaged high level waste will be

designated as authorized Retrievable Surface Storage Facilities and

will be sized accordingly Also it is assumed that reprocessing

plant facilities will be used to provide treatment and storage services

for other than high level wastes from colocated facilities as appro

priate The functions and assumptions regarding waste treatment

packaging and storage on which reprocessing plant facility require

ments and costs have been based are summarized in Table 4-17

Effluent Control Functions assumed necessary to control

effluent releases from reprocessing facilities to levels which are as

low as practicable include

Process offgas collection and treatment filters scrubbers

chemical reactors etc to remove gaseous constituents

and airborne particulates of concern

Dilution of treated offgases with building ventilation air

systems designed to confine any leakage of gaseous or

airborne constituents from the process

Filtration of the combined exhaust stream prior to elevated

release from plant stack and
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Table 4-17 Reprocessing Plant Waste Treatment Summary

Initial Final

Type and Source Treatment Volume Pu tivi Disposition 22sa1

High Level Waste

Aqueous waste stream from Concentrated and cal- -3 ft of 20 gm kg 30 kg 5xlO6Ci 20 KW Loaded into seal- Transferred to

bulk fission product separa- cined to dry oxide waste mix per MT per MT per MT per MTHM at mini- edcanisters and Federal cus
tion step form with diluent and per MTHM HM pro- HM pro- HM pro- mum decay time for stored underwater tody for extended
Other alpha-beta-gamma pro- then fixed in glass processed cessed cessed cessed reprocessing -160 in onsite protect- retrievable stor
cess wastes compatible with matrix of low leach- days Down to ed storage basin age and/or
HLW treatment system ibility 1/12 at years permanenV

disposal

Cladding Wastes

Activated and contaminated Leached rinsed and 3.5 ft gn 0.2 kg 10 gm lO3Ci and 3x Loaded into seal- Transferred to

fuel rod cladding segments monitored then roll- per MTHM per MT per MT per MT l0 Ci induced per ed canisters and Federal cus
and internal fittings flattened toI theo- processed NM pro- HM pro- HM pro- MTHM at 160 days stored underwater tody for retriev

retical density cessed ceased cessed after discharge in onsite storage able storage and

basin ultimate dis

posal

Alpha- Beta-Gamma Wastes

Various low level wastes not Concentrated and con- Up to 10 By definition Packaged in seal- Transferred to

compatible with HL treatment verted to as-yet-uAspec-ft per Ci/Kg of alpha ed containers for Federal cus
Scrapped process equipment ified form or reduced MTHM activity and suffic- shielded onsite tody for retriev
which cannot be fully decon- to pieces of manageable processed ient beta-gamma storage probably able storage and
taminated size if already solid to require some in storage basin ultimate die-

shielding posal

Alpha-Only Wastes

Pu process wastes Combustibles inciner- ft By definition wlo Packaged in seal- Transferred to

Contaminated solid materials ated all consolidated per MTHM Ci/Kg of alpha ed drums for on- Federal cus
paper rags plastic glass as necessary for Fed- processed activity and in- site storage tody for retriev

etc eral acceptance significant beta- able storage and

gamma ultimate dis

posal

Alpha-Free Wastes

Separable fuel bundle compon- Nominal compaction -150 ft Not specifically Packaged in seal- Transferred to

ents not in contact with core per MTHM projected ed containers for authorized dis

material processed onsite storage posal facilities

Other very low level wastes as appropriate

Other Wastes

Process vent gases containing Voloxidation to re- ft gm 600 Ci/MTHM Packaged in seal- Transferred to

gaseous and airborne radio- move H-3 scrubbed H-3 01 H-3O H-30 Ci/MTHM ed containers for Federal cus

active constituents -2000 to remove halogens ft Kg 3-129 andl04 Ci/ on-site storage tody for extended

cfm etc cryogenic distil- ft Kr-85 Kg noble MTHM Kr-85 at as appropriate storage or dis

Main Process Building ventila- lation to remove per MTHM gases per 160 days after dis- posal

tion exhaust stream -100 000 noble gases and filter- processed MTHM charge

cfm ed to remove particul

ates



Monitoring of the undiluted offgases and the combined

exhaust stream before and after treatment and of the

environs as well shared with colocated facilities

as appropriate

Other effluent control functions accounted for in the reference plant

concepts include strict separation of non-process effluent streams

from those having contamination potential collection and treatment

or return to process of any liquids or solids leaking from radioactive

process or storage facilities etc

4.5.2.4 PROCESS CONSIDERATIONS

Base Chemical and mechanical operations employed

in fuel reprocessing are relatively conventional solvent extraction

ion exchange concentration distillation chemi- sorption calcination

etc but specific process and plant design requirements are unique

because of the high radiation fields present and the need for tight

confinement and control of radioactive and fissionable materials in

process systems Provisions for meeting such requirements have

been worked out for large scale production of weapons-grade Pu but

these are not applicable in all cases to the design of commercial

facilities for reprocessing power reactor fuels Information avail

able from weapons production and supporting development programs

and from related industry experience in non-radioactive process

operations as well has been applied to the three commercial LWR

fuel reprocessing plant projects and to various overseas installations

In addition quite number of process and plant design studies have

been made on plants for reprocessing power reactor fuels under range

of assumptions in regard to siting capacity product forms regulatory

requirements etc General conclusions from review of published

information are that

Process operations have been demonstrated for accomplishing

each of the fuel reprocessing plant functional requirements discussed

above at least for the LWR fuel case

range of system and equipment concepts for implementing

the various process operations under commercial plant conditions

has been developed but has not been fully demonstrated on high expo

sure fuel at target throughput rates

3There are differences among the process flowsheets and

system designs that have been selected or proposed but for given

set of functions and constraints they appear to have limited impact on

overall facility requirements and costs and
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There do not appear to be any technical or engineering break
throughs in the offing which would have significant effect on the magni
tude of unit facility investment requirements and operating costs for

providing commercial fuel reprocessing services in the time period
of interest

On these bases it is assumed that selection of reference flow-
sheet utilizing relatively well demonstrated process operations as
illustrated in Figure 4-40 is appropriate for use in developing
input data for evaluating LWR energy park feasibility and viability
Such flow sheet would be applicable although perhaps not optimum
over the capacity range of potential interest 160 MTU/yr for the
smaller self-contained park to as much as 4000 MTIJ/yr for large
Pu burning park receiving spent fuel from other UO2 fuel only parks
There will not have been great deal of actual production scale
commercial reprocessing plant experience available at the time that

design of such plants would have to be established Therefore even
though the various process steps have been demonstrated program
activities must include system engineering support and test work more
nearly typical of first-of-a-kind plant than of standardized repro
cessing plants Some of the more significant technical and engineering
bases for the selected process and plant designs are discussed below

Fuel Receipt and Storage Design principles and practices for
underwater handling and storage of irradiated fuel bundles are well
developed Underwater bundle disassembly to permit rod storage in

higher density conligurations has not been employed previously but
LWR bundles have been disassembled in reactor storage pools in
order to replace individual rods that have failed prematurely so that
bundle irradiation could proceed to goal exposure Equipment and pro
cedures developed for such operations are applicable to the assumed
reprocessing plant function Bases also are available for design of

containers racks etc to permit safe storage and handling in

compact arrays

Lation For sintered oxide fuel clad in stainless
steel or zirconium the chop/leach process for separating the fuel
material from its cladding has been demonstrated to be most effective
and is used in present and proposed commercial LWR fuel reprocess
ing plant designs number of fuel shear and leacher concepts of

demonstrated functional capability including provisions for offgas
collection and routing to treatment are available as bases for future

plant systems design Incorporation of tritium removal from the
sheared rod segments prior to leaching is new however The
method considered is the voloxidation process which as presently
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conceived employs rotary calciner to heat and tumble the fuel seg
ments to drive off contained tritium Calciner offgas consisting of

tritiated water vapor and other gaseous constituents in air is routed

through dessicant to collect the tritium for packaged storage and dis
posal This method has been demonstrated on an engineering test

scale but no truly production units have been built and operated The

requirements for sealed rotating equipment at high temperature
handling irregular dry solids in remote hot cell are near pessimum
as far as designing for reliable operation is concerned but it is

assumed for this study that system designs suitable for production

application will be available for installation in time to meet projected
construction schedules

Chemical Separations Candidate processes for separating and

Pu from fission products and from each other range from the all-

aqueous unit operations solvent extraction ion exchange used in

weapons production fuel reprocessing to dry operations such as are

used in uranium feed preparation and have been considered for advanced

power reactor fuel reprocessing fluoride volatility work at

Argonne and ORNL

The aqueous processes generate substantial volumes of liquid

wastes which in future commercial plants will require concentration

and conversion to solid form but they have the overwhelming advantage
of extensive development and demonstrated effectiveness Such pro
cesses are used in the NFS and AGNS plants Figure 4-37 as well as

overseas WindscaleMarcoule LeHague so that some exper
ience in high exposure power reactor fuel reprocessing by these opera
tions will be available from such plants

Additional system engineering development and testing will be

required in support of future plant process and facility design but there

are sound bases for assuming that functional performance require
ments and operability objectives for the various energy park study
cases can be met as indicated In regard to the waste stream from
the initial cycle of solvent extraction which contains the bulk of the

fission product activity processes and equipment for concentration

and conversion to dry fission product oxide form have been developed
and demonstrated on an engineering test scale GEts commer
cial plant program Table 4-15 It is possible that the granular cal
cine so produced will be considered an acceptable intermediate waste

form but it is assumed that glassification will ultimately be required
and that technical and engineering bases will be available for produc
tion scale process and system designs as the result of intensive efforts

programmed in this area over the next few years Bases also are
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available for design of necessary systems for solvent treatment and

spent solvent disposal process water and acid recovery etc

associated with solvent extraction operations

In regard to product stream purification successive cycles of

solvent extraction are extensively developed and widely used NFS
AGNS etc For 13 purification the processes for conversion to

UF6 form for final decontamination of the Id stream calcination

fluorination sorption and distillation also have been developed GE

plant program but applicability to production-scale power reactor

fuel reprocessing has not been fully demonstrated The reference

flow sheet includes stream conversion based on feed preparation

technology as an integral step in the process but assumes prior

decontamination sufficient to permit contact maintenance of the

anhydrous process systems Some experience with recovered

conversion operations including compliance with the tighter enrich

ment plant feed specifications will be available in support of future

plant designs from the AGNS plant

Processes and equipment for converting purified Pu nitrate solu

tions to forms required for shipping and utilization have been demon

strated although principally with Pu recovered from lower exposure

fuel which is of relatively low radioactivity levels The available

process technology is directly applicable to commercial facility

operations but process confinement and personnel protection require

ments will necessitate development and demonstration of new system

configurations and design details Bases for design of other systems

associated with product loadout and utilization such as storage

americium removal and Pu scrap recovery also are available but

with the same requirements for development of specific designs

Waste Treatment Technical and engineering bases are avail

able for design of necessary waste concentrator and evaporator

systems including provisions for recovery of process water and acid

for recycle Containers and protected storage facilities also can be

designed to specified requirements on the basis of existing information

However such factors as waste form acceptability criteria container

size constraints and integrity standards etc have not been defined

yet for any of the reprocessing plant waste categories

The timing of Federal agency now ERDA programs is such that

criteria and standards should be available when study case facility

designs would have to be established but not early enough to permit

much actual plant project and operating experience to be accumulated

Full demonstration of high level waste glassification for example

will require extensive testing with full level wastes fiom power
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reactor fuel reprocessing which probably will not be available in

quantity before 1978

However the scope of waste treatment provisions included in the

reference flow sheet and the general cost allowances made for design
development and implementation are sufficiently conservative that

possible variations in ultimate requirements will not have significant

impact on overall study conclusions

Other Process and Plant Design Considerations For offgas

treatment demonstrated technologies for removal of radioiodines

particulates oxides of nitrogen etc are available However under

the as low as practicablet approach application of as yet undemon
strated processes and systems of improved performance will be re
quired for future plants lodex process General provisions
are included in the various study cases for such advanced treatment

For krypton removal the reference method is cryogenic distilla

tion for which there is relatively well developed process technology
Systems have not been built and operated on actual reprocessing
plant offgases but there are sound bases for assuming that demon
strated designs in recent LWR power plants will be available

for application in the time period of interest

particular area for which commercial designs of requisite

capability have not been fully demonstrated is that of servicability
of radioactive systems requiring remote operation and maintenance
Potential approaches range from providing flexibility for remote re
placement of all major items of radioactive process equipment within
shielded cells as in AEC separations plants to designing for extended
service life without requiring replacement as in the Windscale facilities

For commercial plants the cost of complete replacement capability
and of necessary on-hand spares to minimize downtime is serious

consideration On the other hand it is difficult and expensive to

assure extended process system operability in contrast to safety for

which shutdown is an accepted assurance mode under commercial
procurement and fabrication practices Varying combinations of

these two basic approaches have been taken in commercial plant

designs to date generally with the objective of providing capability
for replacement of equipment subject to unusually severe service
conditions or to early obsolescence due to process improvements
changes in functional requirements etc but building in place
those components for which adequate design margins in regard to

performance and life can be incorporated
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Sustained operating experience with commercial facilities will be

necessary to provide firm bases for projecting remote system operat

ing efficiencies and the effect of specific design features thereon

Fairly arbitrary assumptions were made in this study regarding pro

cess equipment replaceability installed and on-hand spares con

taminated equipment repair failed equipment disposal provisions

and attainable operating efficiencies ratio of instantaneous rate to

annual throughput

4.5.3 ReferenceConceptSFP
GENERAL DESCRIPTION Layout of LWR fuel reprocessing

plant facilities is generally similar for all of the study cases con

sidered typical arrangement for 1500 MTU/yr plant reference

dispersed site case is shown in Figure 4-41 Key elements affected

by dispersed versus park location and/or by plant capacity can be

described as follows

Acreage Requirements Major factors affecting the size of re

processing plant sites are the minimumdistance to which uncon

trolled public access is permitted l/2 mile from process facilities

or plant stack per Regulatory Guides and exclusion area require

ments based on safeguards and physical protection considerations

Acreage requirements dictated by the former can be shared with other

industrial plants if absence of deleterious interactions under operating

and emergency conditions can be assured Thus acreage requirements

for colocated nuclear facilities can be substantially less than the total

required for such facilities located independently

fenced and instrumented security area for reprocessing and

MO2 fuel fabrication plants is required for the energy park as well as

dispersed site cases due to fissile material safeguards requirements

The area actually occupied by reprocessing plant facilities located

within the security fence cask receiving area main process building

complex utility and service structures varies with capacity but

dispersed versus park siting has only minor effect Non-process

facilities located outside the security fence principally non-radio

active waste disposal facilities such as sanitary lagoons and evapora

tion ponds require significant area for an independent reprocessing

plant but not for the park cases where it is assumed that common site

facilities could be provided

Main Process Building All equipment and systems for handling

radioactive process materials are housed in Main Process Building

MPB complex Principal elements of this structure include
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Cask Receiving Area Inside the security fence site rail

spurs and roadways lead to controlled personnel access area

provided with cask transfer crane facilities the travel of which

extends into the MPB structure to service cask decontamina
tion area ard unloading pools Parallel facilities are provided
as required to process incoming casks at necessary rates

Requirements for handling multiple cask types etc in the

dispersed site case affect layout and costs to some degree

Fuel Storage Basin Adjacent to the cask receiving area is

water-filled storage basin which like the unloading pool is

below-grade structure of steel-lined concrete designed to

resist seismic forces It is provided with fuel handling crane

facilities liner leak detection and control provisions and

water recirculation system equipped for heat rejection and

contamination removal It also contains underwater fuel dis

assembly stations to permit fuel rod storage in compact
arrays Storage area requirements and the number of dis
ass embly stations vary with plant capacity and between dis
persed and park siting

Remote Process Canyon Area massive reinforced concrete

canyon area provides shielding confinement and mechanical

support for all highly radioactive material processing equip
ment and systems It is provided with remotely operated
overhead crane for removal and replacement of equipment
The lower portion of the canyon is partitioned into individual

cells for segregation of process operations as appropriate for

interaction control Each cell is lined and provided with

sumps and ventilation covers as secondary confinement barriers
Process equipment which may require removal and replacement
for maintenance or improvement is assembled in structural

packages which are located adjacent to wall plugs through
which connections to non-radioactive service systems are made
In-cell connections are made by remotely installable jumpers
Permanent vessels and equipment are located below the

removable assemblies near the bottom of the cells Cell area

requirements do not vary much with capacity up to size limits

based on nuclear criticality or operability considerations

Beyond such limits parallel components are required so that

cell area may have to be multiplied or if piping or criticality

configurations would be too complex parallel shielded cells

may be required Park versus dispersed siting has no effect

on canyon structure and equipment requirements
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Maintained Process Areas Final product cleanup
conversion and loadout systems are located in less heavily
shielded confinement structure with access for contact main
tenance and replacement of component equipment Area re
quirements vary as for the remote systems but with less effect

on complexity and cost

Operating Areas The process areas are surrounded by multi
level galleries which house operating control points as well as

various process support facilities Provisions are necessary
for assuring radioactive material control and safe shutdown

capability Resistance to seismic and tornado forces is

required for safety-related functions

Waste Storage Areas water-filled basin for protected re
trievable storage of all consolidated and packaged radioactive

wastes is provided Waste basin area requirements vary with

capacity and also are affected by the assumptions made regard
ing waste management services for the energy par.k cases

Ventilation Filter Building Adjacent to the MPB and connected to

it by an air tunnel is reinforced concrete structure containing large

capacity high efficiency filter ventilation exhaust fans switchgear for

normal and emergency power supplies gas monitoring systems etc
discharge stack connected to the exhaust fans by horizontal duct

is located nearby Capacity requirements for these facilities vary with

plant size but are not affected significantly by dispersed versus park

siting

Utility and Service Buildings Facilities for providing necessary
process chemicals service steam electric power etc are housed in

structures separate from the MPB for all study cases Personnel

access control physical protection facilities and offices for reprocess
ing plant administrative staff also are provided Integration of such re
quirements with overall site provisions for the energy park cases would
not have significant impact on layouts or costs Availability of pro
cess water supply system is necessary

4.5.3.2 SPECIFIC CONCEPTS

Dispersed Plant Case Plant data for the comparative non-park
case are summarized in Table 4-18 The capacity selected 1500 MTU/
yr is consistent with the bases and assumptions indicated previously

Larger plants could be built in time but factors tending to limit the size

of individual dispersed site units magnitude of business risk unless
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Table 4-18 Reference Case Reprocessing Plant Data

..
..

DISPERSED 5200 MWe 26000 14e 5200 MWe 26000 MWe Pu PARK WITH

SITING CASE ENERGY PARK ENERGY PARK Pu PARK Pu Perk EXCESS CAPACITY

PARA 4.5.3.2 N14PC N6PD N4PD N2OPD N2OPD

NOMINAL ANNUAL 500 MTHM 160 MTHM 800 MTHM 500 MTHM 2450 MTHM 4000 MTHM

CAPACITY

ANNUAL INPUT

U02
FUEL 1050 MTHM 02 MTHM 510 MThM 338 MTHM 1694 MThM 2912 MTHM

MO2
FUEL 450 MTHM 44 MTHM 218 MTHM 146 MTHM 728 MThM 728 MTHM

TOTAL INPUT 1500 MTHM 146 MTHM 728 MTHM 484 MTHM 2422 MTHM 3640 MTHM

I-

ANNUAL OUTPUT

UF6
PRODUCT .l4OO MTh 136 MTh 680 MTh 450 MTh 2260 MTU 3400 MTU

Pu
02

PROJCT 26 MT Pu 2.5 MT Pu 12.6 MT Pu 8.3 MT Pu 46.7 MT Pu 52 MT Pu

STORAGE CAPACITY

SPENT FUEL 3000 MTHM 160 MTHM 800 MThM 500 MTHM 2500 MThM 4000 MTHM

HIGH LEVEL WASTES 7500 MTHM 800 MTHM 4000 MTHM 2500 MTHM 12000 MTHM 20000 MTHM

OTHER WASTES AVE 5000 MTHM 500 MTHM 2500 MTHM 1500 MTHM 7500 MTHM 12000 MTHM

EQUIVALENTTHROUGHPUTBASIS



near-full utilization is assured fuel shipping logistics and costs etc
are felt likely to outweigh potential economies of scale At projected

LWR power station thermal efficiencies operating schedules and goal

exposures 1500 MTU/yr plant could reprocess the spent fuel from

35 000 to 55 000 MWe installed LWR capacity depending on fuel

exposures attained

5200 MWe Energy Park Case reprocessing plant sized to match
the spent fuel output from only four LWRs of the reference 1300 MWe
capacity probably is too small to be considered economically viable

but data are listed in Table 4-18 for comparative purposes More

likely alternatives are that spent fuel from such small size parks

would be shipped to dispersed site reprocessing facilities an

integrated park having reprocessing and recycle fuel fabrication

facilities of more economic size and reactor plants capable of burn
ing all of the Pu recovered or an authorized repository for disposal

unreprocessed

26000 MWe Energy Park Case reprocessing plant to match
20 reactor complex would be of feasible size Table 4-18 Based on

the assumption that the reactors would be built in sequence and would

come on line at yearly intervals the reprocessing plant would have to

start up 10 to 11 years after completion of the first park reactor allow
ing for less than full reprocessing rate during the first 1-3 years of

operation in order for equilibrium to be reached with stored fuel

inventory equivalent to.0 throughput Fuel storage capability would

have to be available to years after completion of the first reactor

to accommodate fuel available early Completion and checkout of

mechanical and chemical process systems with fuel storage facilities

already in operation including ternp@rary use of waste basins to meet
the early storage peak should be feasible

26000 MWe Pu-Burner Park Case reprocessing plant sized to

recover the amount of Pu required to fuel 20 reactors loaded with the

maximum amount of MO2 fuel would be near optimum capacity

Table 4-18 Because PuB reactors probably would not be able to

operate efficiently on U02-only fuel the reprocessing and MO2 fabri

cation plant would be scheduled for startup one to two years prior to

the time that the initial fuel load would be required for the first onsite

PuB reactor Early fuel storage capability would be required as for

the other park cases

26000 MWe Pu-Burner Park Case With Excess Pu Recovery
plant capable of reprocessing spent fuel from multiple

park reactors totalling 104 000 MWe installed capacity of which 26000

MWe is in colocated Pu burner reactors may approach or exceed the
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limits of practicability For example the space required to provide

access in the MPB for the necessary number of parallel cask receiv

ing lines becomes difficult to accommodate in an operable facility

layout Also there are factors which indicate that plant operating

efficiencies would be lower for such large sizes However data on

this case are included in Table 4-18 far comparative purposes

The most likely use for the excess Pu produced in this case would

be to provide initial fuel inventories for breeder reactors coming on

line In accordance with assumed regulatory constraints regarding

bulk shipment of separated Pu noted previously the reprocessing plant

concept for this case includes storage of recovered Pu in excess of

onsite Pu burner requirements for ultimate utilization in breeder

reactor fuel For criticality control the breeder fuel would likely

be processed in separate equipment because of higher enrichments

than LWR fuel

4.5.3.3 CONCEPTS FOR REPROCESSING OTHER THAN LWR FUELS

Only general consideration has been given to functional requirements

and plant concepts for reprocessing fuels from alternative reactor

types such as the HTGR and the LMFBR Technical and engineering

information on which to base projections is less extensive than for LWR
fuel reprocessing plants and there are no directly applicable plant

project data Published forecasts of HTGR additions have indicated

sufficient installed capacity to support reprocessing plant of reason

able size by about 1986 first demonstration reprocessing plant

probably could be built by that time if supported by well-funded pro
cess and plant design development program Rough comparisons of

functional requirements and constraints indicate that the scope of

follow-on second generation facilities and associated costs will be

substantially higher than those for LWR fuel reprocessing plants on

unit throughput per metric ton reprocessed basis but less fuel is re

processed for given amount of electric power production so that the

contribution to total cost of generation should be generally comparable

LMFBR projections indicate power station installations starting

prior to 1990 with subsequent growth rate such as to require immediate

recovery of Pu from early fuel discharges as well as supplemental Pu

from LWR fuel reprocessing to provide initial fuel inventories for

reactor additions As noted previously reprocessing of LMFBR fuels

in plant designed for LWR fuels is not economically feasible on

production basis While both types may be reprocessed alternately or

concurrently in the same facilities nuclear criticality control require

ments would result in throughput restrictions for the LMFBR fuels

Also the relative times taken for fuel exposure and for reprocessing

refabrication and shipping affect doubling time which is an important
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parameter for breeder reactors as discussed in 4.3.3 Thus the

extended cooling times prior to shipping and reprocessing on which
LWR facility designs normally are based may not be acceptable for

LMFBR fuels Alternatively if dualpurpose facilities are designed
to permit prompt reprocessing and refabrication the additional costs

involved could make LWR fuel recovery and recovered product utiliza
tion uneconomic in such facilities

typical isotopic composition for fuel discharged from an LMFBR
is given below as input to consideration of dedicated fuel recovery and
recycle fuel fabrication plants

Plutonium Plutonium Uranium Uranium Fis sion

239 24 240 242 235 238 Products

Core 115 64 01 720 10_U
Axial Blanket 35 02 02 953 0.8
Radialblanket 2.0 02 975 03
Aver both blankets 28 0.2 96.2
Aver whole reactor 5.8 20 02 88.0 40

It should be noted that the requirement for rapid return of recover
able Pu to the LMFBR fuel cycle presents substantially more difficult

technical and engineering problems The program presently envisioned
for development and demonstration of necessary process and plant de
sign technologies appears to have little chance of providing adequate
bases for commercial facility installations in this time frame Over
all it is felt that LMFBR energy parks are not likely to be feasible

until after the year 2000 Because common reprocessing facilities

cannot be used application of LMFBRs as late additions to LWR energy
parks would not be feasible either until necessary process and plant

design concepts have been developed and demonstrated Rough compari
son of functional requirements and constraints would indicate that for

comparable heavy element plus Pu throughput rates and consistent

assumptions in regard to necessary safety safeguards environmental

protection and waste management provisions the unit facility invest
ment and reprocessing service costs will be factor of two or more
greater for LMFBR fuels than for the LWR cases studied

45.4 GENERAL RELATIONSHIPS

Evaluation Procedures To develop cost and schedule characteri
zations for the different study case reprocessing plants comprehen
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sive listing was prepared of project and support activities necessary

to implement the reference facility concept Each of the 100 activi

ties so listed was examined for effect of variations in plant capacity

location etc Initial evaluation was based on applicable prior exper

ience available for 80% of the items listed Results were then

checked against the latest information from actual reprocessing plant

projects

Cost Relationships Plant costs as function of capacity are

shown in Figure 4-42 Principal conclusions are that

For any capacity plant costs in the time period of interest

will be substantially higher than has been projected in pre
viously published studies Facilities capable of reprocessing

1500 MTU/yr of commercial LWR fuel for example are

indicated to have investment requirements on the order of

$350 million not including shipping casks compared to pro

jections of about $55 millionpublished in 1971 Total project

costs are indicated to be about $300 000 per MTU/yr of

design throughput capability in this size range These differ

ences appear to result principally from added functions and

features necessary to meet changing regulatory requirements

and from unanticipated trends in implementation costs for

major facility design and construction projects

The variation in plant costs with capacity projected in this

evaluation is significantly different than indicated in previously

published reports Exponential scaling factors of 35 or lower

have been considered as applicable over wide range of plant

sizes Use of individual scaling factors for each activity item

in this evaluation results in more complex relationship of

cost and capacity Plants at the low end of the range are indi

cated to be relatively expensive because significant portion

of the project cost items do not vary much with plant size

Increasing capacity up to mid-range does reduce unit invest

ment requirements at substantial rate At the upper end of

the range where the relatively fixed costs are less significant

and further increases in capacity must be obtained by paralleling

components the variation in cost with plant size approaches an

exponential scaling factor of

There do not appear to be any particular technical or engineer

ing limits to plant size but there are economic and practicability

factors to be considered Unit costs for the smallest plant

called for among the study cases are more than twice those for

more nearly optimum size plants Their contributions to overall
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power generation costs still are relatively small but are such

that alternative methods of fuel disposition may be preferable

At the upper end of the size range it is noted that operating

efficiency will be affected by finite batch sizes inventory re
quirements for fissile material accountability and other factors

Plants of up to 4000 MTU/yr capacity could be built and operated

but the optimum size for single plant may be less than 4000

MTU/yr

Unit reprocessing service costs are difficult to compare on

consistent bsis because of the effect of assumptions made in

regard to plant depreciation return on investment etc which

vary with institutional and financing arrangements for specific

cases For example if an investment of $500 million was made
in 1500 MTU/yr plant as separate business venture

15% discounted rate of return on investment after taxes not

untypical of high risk activity unit recovery costs would be

about $160/kg not including charges for fuel and waste

transportation final waste disposal etc The same plant

built as dedicated service facility for.a nuclear power genera
tion complex under common ownership and patient capital1

financing could have unit reprocessing costs in the range of

$60 to $90/kg In regard to variation with annual throughput

unit operating costs as function of capacity for fully loaded

plants of the reference concept are shown in Figure 4-43

These include appropriate allowances for labor materials

taxes insurance licenses utilities and equipment replace
ments as well as for accumulation of funds to cover ultimate

decommissioning in accordance with regulatory requirements

Costs associated with spent fuel storage while awaiting repro
cessing generally are included under reactor and reprocessing

plant operations More extended storage deferred reprocess
ing or throw away is of interest in this study Such storage

cop.ld be in separate facilities built specifically for the purpose

or in reprocessing plant storage basins put into operation

before startup of the remainder of the plant Investment re
quirements are indicated to be on the order of $10 000/MTU of

design capacity for large independent installation meeting

currently projected regulations and guidelines in regard to

safety physical protection etc As separate business

typical allowances for return on investment and for less than

full utilization of capacity would result in storage costs of about

$8000/MTU per year not including transportation For early

storage service at reprocessing plant unit costs will be
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strongly affected by how allowances are made to cover depre

ciation and return on investment for the structures and

support systems that would have to be completed to permit such

operations ahead of normal plant startup Unit storage costs

excluding depreciation and return on investment would range

from $4000 to $6000 /MTU per year depending on the

amount of fuel stored The cost of permanent disposal of

spent fuel unreprocessed based on bundle disassembly and con

tainerizing of rods in compact arrays after necessary storage

time to permit the rate of heat generation to decay for trans

fer to Federal repository would appear to be on the order

of $85 000/MTU

Schedule Considerations Duration and sequencing requirements

for the various activities involved in reprocessing plant design con

struction and licensing were specifically evaluated using the latest

information available As summarized in Figure 4-44 results indi

cate that the minimumtime required from initiation of formal design

to plant tthot startup is from to years

The major factor contributing to schedule length is the time re

quired for acquisition of construction permit Present standards of

acceptability for construction permit applications require that safety

analyses and environmental impact evaluations be based on firmde

sign data in regard to plant structures and systems having related

functions The trend appears to be toward requiring more detail in

formation on which to base regulatory review and acceptance Although

there will be strong incentives to develop standard reprocessing

plant designs for improved reliability cost savings and reliability

which might also facilitate review procedures it is expected that

nuclear projects in the time period of interest will require three or

more years of engineering and licensing effort prior to initiation of

plant construction

Based on the assumption that fuel would not be reprocessed until

sufficient load was available to support full-level operation the time

requirements shown for completion of construction installation and

shakedown of process systems are not critical to this study There

would be incentives for completing fuel storage facilities as early as

practicable however to avoid potential impact on reactor operations

5.4.2 SPCIFICCO PROJECTIONS Cost data for the various study

case reprocessing plants are summarized in Tables 4-19 through

4-23 Effort was made to account for every identified element of cost

including appropriate uncertainty allowances for each The contin

gency shown is intended to cover as yet unidentified activity require
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Table 4-19 Reprocessing Plant Project Costs

1500 MT HM/Yr Dispersed Site Case

JAN 975 DOLLARS IN MILLIONS

SITING

SITE STRUCTURES AND FACILITIES 105

PROCESS AND SUPPORT EQUIPMENT 142

ENVIRONMENTAL PROTECTION PROVISIONS 36

INDIRECT COSTS 92

CONTINGENCY 95

TOTAL PROJECT COSTS 475

NOT INCLUDING COST OF LAND APPROXIMATELY 1500 ACRES

REQUIRED TO PROVIDE NECESSARY CONTROLLED ACCESS AREA

AND ISOLATION DISTANCE FOR DISPERSED SITING OF SUCH

REPROCESSING PLANT COLOCATED WITH MATCHING MO2 FUEL

FABRICATION FACILITIES
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Table 4-20 Reprocessing Plant Project Costs

160 MT NM/Yr Park Case

JAN 1975 DOLLARS IN MILLIONS

SITING

SITE STRUCThRES AND FACILITIES 20

PROCESS AND SUPPORT EQUIPMENT 35

ENVIRONMENTAL PROTECTION PROVISIONS

INDIRECT COSTS 46

CONTINGENCY 29

TOTAL PROJECT COSTS 144

NOT INCLUDING COST OF LAND CONTROLLED ACCESS AREA

AND ISOLATION DISTANCE REQUIREMENTS SHOULD BE WITHIN

THOSE FOR THE MULTIPLE REACTOR INSTALLATION SERVED
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Table 4-21 Reprocessing Plant Project Costs

800 MT HM/Yr Park Case

JAN 1975 DOLLARS IN MILLIONS

SITING

SITE STRUCTURES AND FACILITIES 64

PROCESS AND SUPPORT EQUIPMENT 92

ENVIRONMENTAL PROTECTION PROVISIONS 25

INDIRECT COSTS 73

CONTINGENCY 65

TOTAL PROJECT COSTS 324

NOT INCLUDING COST OF LAND CONTROLLED ACCESS AREA

AND ISOLATION DISTANCE REQUIREMENTS WOULD BE WELL

WITHIN THOSE FOR THE MULTIPLE REACTOR INSTALLATIONS

SERVED
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Table 4-22 Reprocessing Plant Project Costs

2450 MT HM/Yr Park Case

JAN 1975 DOLLARS NMI LLtONS

SITING

SITE STRUCTURES AND FACILITIES 155

PROCESS AND SUPPORT EQUIPMENT 200

ENVIRONMENTAL PROTECTION PROVISIONS 53

INDIRECT COSTS i23

CONTINGENCY 134

TOTAL PROJECT COSTS 670

NOT INCLUDING COST OF LAND CONTROLLED ACCESS AREA
AND ISOLATION DISTANCE REQUIREMENTS WOULD BE WITHIN
THOSE FOR THE MULTIPLE REACTOR INSTALLATIONS SERVED
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Table_4- Reprocessing Plant Project Costs

4000 MT HM/Yr Park Case

JAN 975 DOLLARS IN MILLIONS

SITING

SITE STRUCTURES AND FACILITIES 210

PROCESS AND SUPPORT EQUIPMENT 278

ENVIRONMENTAL PROTECTION PROVISIONS 70

INDIRECT COSTS 157

CONTINGENCY 180

TOTAL PROJECT COSTS 900

NOT INCLUDING COST OF LAND CONTROLLED ACCESS AREA
AND ISOLATION DISTANCE REQUIREMENTS WOULD BE WITHIN
THOSE FOR THE MULTIPLE REACTOR INSTALLATIONS SERVED

4154



ments and costs Operating and maintenance costs for each of the

study cases are shown in Tables 4-24 through 4-28

54 PROJECT SCHEDULES The sequence and duration of reprocess
ing plant design and construction activities for each of the energy park

cases is shown in Figures 4-45 through 4-48 based on previously
identified assumptions in regard to need date The alternative of

initial operation at some intermediate level and later 1stretch to full

equilibrium capacity is potentially feasible For the larger plants in

particular the gradual growth in available load would be better

matched and peak fuel storage requirements minimized by such an

approach Total project costs would be potentially lower because

operation at the intermediate level would provide much firmer bases

for final design of full level systems However such differences

would not have significant impact on overall study conclusions

Conclusions and Recommendations

It is concluded that incorporation of fuel reprocessing plants into

LWR energy parks is generally feasible in the time frame of interest

Because of delays in development of the commercial reprocessing

business resulting largely from uncertainties regarding regulatory

requirements and constraints prior plant experience on which to base

designs and operating plans would be limited HTGR and LMFBR fuel

reprocessing plants if feasible at all in this time frame would be

essentially first-of-a-kind designs

For the 26000 MWe case spent fuel from onsite LWR power
plants only would provide sufficient load for reprocessing plant of

reasonable size Investment requirements would be about $11 per
installed kWe served and reprocessing costs not including associated

waste management and transportation functions would not be substan

tially different than for the comparative dispersed site case 05 to

O6ç7kWhr depending on financing For 5200 MWe LWR park the

reprocessing plant would be well below optimum size with investment

requirements over $28 per kWe and reprocessing costs about three

times those for the dispersed site case so that disposal of spent fuel

unreprocessed would appear to be more attractive economically The

largest size reprocessing plant considered sized to serve about

130 000 MWe of reactor capacity would have favorable investment and

unit reprocessing service costs but may be beyond the optimum size

for single plant probably about 3000 MTU/yr

From the viewpoint of reprocessing the concept of multiple

uranium fueled LWR parks shipping spent fuel to single Pu burning

park at which reprocessing and refabrication plants of near optimum
capacity are provided appears to offer the most promise

4155



Table 4-24 Reprocessing Plant Annual Operating Costs

--
1500 MT HM/Yr Dispersed Site Case

JAN 975 DOLLARS IN MILLIONS

FIXED COSTS

EMPLOYEES

TAXES AND INSURANCE

DECOMMISSIONING FUND

OTHER LICENSES SECURITY AND

FIXED UTILITIES

VARIABLE COSTS

CHEMICALS AND UTILITIES -$420O/MTHMY

NON-REUSEABLE WASTE CANS -$20OO/MTHM

EQUIPMENT REPLACEMENT ALLOWANCE 10

TOTAL OPERATING AND MAINTENANCE 46

STAFFING REQUIREMENTS FOR GIVEN PLANT ARE

VIRTUALLY INDEPENDENT OF THROUGHPUT

NOT INCLUDING DEPRECIATION RETURNONINVESTMENT ETC
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Table 4-25 Reprocessing Plant Annual Operating Costs

160 MT HM/Yr Park Case

JAN 975 DOLLARS IN MILLIONS

FIXED COSTS

EMPLOYEES

TAXES AND INSURANCE

DECOMMISSIONING FUND

OTHER LICENSES SECURITY AND

FIXED UTILITIES

VARIABLE COSTS

CHEMICALS AND UTILITIES $42OO/MTHM

NONREUSEABLE WASTE CANS ETC $2OOO/MTHM

EQUIPMENT REPLACEMENT ALLOWANCE

TOTAL OPERATING AND MAINTENANCE 16

STAFFING REQUIREMENTS FOR GIVEN PLANT ARE

VIRTUALLY INDEPENDENT OF THROUGHPUT

NOT INCLUDING DEPRECIATION RETURNONINVESTMENT ETC
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Table 4-26 Reprocessing Plant Annual Operating Costs

800 MT HM/Yr Park Case

JAN 975 DOLLARS IN MILLIONS

FIXED
COSTS

EMPLOYEE

TAXES AND INSURANCE

DECOMMISSIONING FUND

OTHER LICENSES SECURITY AND

FIXED UTILITIES

VARIABLE COSTS

CHEMICALS AND UTILITIES $4200/MTHM

NON-REUSEABLE WASTE CANS ETC $2000/MTHM

EQUIPMENT REPLACEMENT ALLOWANCE

TOTAL OPERATING AND MAINTENANCE 31

STAFFING REQUIREMENTS FOR GIVEN PLANT ARE

VIRTUALLY INDEPENDENT OF THROUGHPUT

NOT INCLUDING DEPRECIATION RETURN-ONINVESTMENT ETC
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Table 4-27 Reprocessing Plant Annual Operating Costs

2450 MT HM/Yr

JAN 975 DOLLARS IN MILLIONS

FIXED COSTS

EMPLOYEE 12

TAXES AND INSURANCE

DECOMMISSIONING FUND

OTHER LICENSES SECURITY AND

FIXED UTILITIES

VARIABLE COSTS

CHEMICALS AND UTILITIES $4200/MTHM IC

NON-REUSEABLE WASTE CANS ETC $2OOO/MTHM

EQUIPMENT REPLACEMENT ALLOWANCE 13

TOTAL OPERATING AND MAINTENANCE 62

STAFFING REQUIREMENTS FOR GIVEN PLANT ARE
VIRTUALLY INDEPENDENT OF THROUGHPUT

NOT INCLUDING DEPRECIATION RETURN-ONINVESTMENT ETC
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Table 4-28 Reprocessing Plant Annual Operating Costs

4000 MT HM/Yr Park Case

JAN 975 DOLLARS IN MILLIONS

FIXED COSTS

EMPLOYEE
I4

TAXES AND INSURANCE
18

DECOMMISSIONING FUND
10

OTHER LICENSES SECURITY AND
FIXED UTILITIES

VARIABLE COSTS

CHEMICALS AND UTILITIES $4200/MTHM 17

NON-REUSEABLE WASTE CANS ETC -$2000/MTHM

EQUIPMENT REPLACEMENT ALLOWANCE 19

TOTAL OPERATING AND MAINTENANCE 88

STAFFING REQUIREMENTS FOR GIVEN PLANT ARE
VIRTUALLY INDEPENDENT OF THROUGHPUT

NOT INCLUDING DEPRECIATIONS RETURNONINVESTMENT ETC

__ __ _______.._.
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YEAR REACTORS PARK ONLY REPROCESSING PLANT

1.3

2.6 20 20 20

10

3.9 60 80 60 20

5.2 100 80 100 80

12

5.2 140 320 80 160 80

13

52 160 480 80 160 160

14

5.2 160 640 80 160 160

Park Case Project Schedule 5200 MWe Energy
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YEAR REACTORS PARK ONLY REPROCESSING PLANT

.3

2.6 20 20 20

3.9 60 80 60

5.2 100 80 00 80

12

6.5 140 320 80 240

7.8 80 500 00 400
14

9.1 220 720 120 600
IS

0.4 260 980 140 840

16

117 300 280 60 1120

17

3.0 340 620 80 1440

14.3 380 2000 200 1600 200

5.6 420 2420 220 1600 400
20

16.9 460 2880 240 1440 600

18.2 500 3380 260 1120 800
22

19.5 540 3920 280 840 800
23

20.8 580 4500 300 600 800
24

22 620 5120 320 400 800

25

23.4 660 5780 340 240 800
26

24.7 700 6580 360 220 800

27

26.0 740 7320 380 140 800
28

26.0 780 8100 400 00 800

29

26.0 800 8900 400 100 800
30

Figure 446 Project Schedule 26 000 MWe LWR Energy Park
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YEAR REACTORS PARK ONLY REPROCESSING PLANT

.3

2.6 20 20 20

to

3.9 60 80 60

5.2 100 180 00 240

12

6.5 140 320 80 720

13

7.8 80 500 00 1200

14

9.1 220 720 120 800

15

0.4 260 980 140 2520

16

11.7 300 280 160 2760 600

17

13.0 340 620 180 252O 1200

14.3 380 2000 200 2400 1200

19

15.6 420 2420 220 1800 800

20

16.9 460 2880 240 280 800

21

18.2 500 3380 260 960 960

22

9.5 540 3920 280 720 1800

23

20.8 580 4500 300 600 800

24

22.1 620 5120 320 600 800

25

23.4 660 5780 340 720 800

26

24.7 700 6580 350 1260 1800

27

26.0 740 7320 380 020 2400

28

26.0 780 8100 400 900 2400

29

26.0 800 8900 400 900 2400

30

THIS SCHEWLE SHOWN REPRESENTS THE PARK REACTORS ONLY AND REPROCESSING

PLANT REQUIREMENTS REFLECT THE EXCESS FUEL LOAD FROM SATELLITE REACTORS

BUILD ON THE SAME SCHEUIJLE AS THE PARK REACTORS

Figure 4-47 Project Schedule 26 000 MWe PuB Energy Park
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YEAR REACTORS PARK ONLY REPROCESS KG PLANT

1.3

2.6 20 20 20

I0

3.9 60 80 60

5.2 00 180 100
400

6.5 140 320 80 200

13

7.8 80 500 100 2000

220 720 20 3000

15

10.4 260 980 140 4200

11.7 300 1280 160 5600

3.0 340 1620 180 5700 1500

14.3 380 2000 200 4500 3000

15.6 420 2420 220 3500 3000

20

6.9 460 2880 240 2700 3000

21

18.2 500 3380 260 2100 3000

22

19.5 540 3920 280 1700 3000

23

20.8 580 4500 300 1500 3000

24

22 620 5120 320 1500 3000

25

23.4 660 5780 340 1700 3000

26

24.7 700 6580 360 1600 4000

27

26.0 740 7320 380 1200 4000

28

26.0 780 8100 400 1000 4000

29

26.0 800 8900 400 1000 1000

30

ThE SCHEJLE SHOWN REPRESENTS THE PARK REACTORS ONLY AND THE REPCESSNG
PLANT REQUIREMENTS REFLECT THE EXCESS FUEL LOAD FROM SATELLITE REACTORS

BUILT ON THE SAME TIME SCHE80LE AS THE PARK REACTORS

Figure 4-48 Project Schedule 26 000 MWe PuB Park With

Excess Reprocessing Capacity
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4.6 NUCLEAR FUEL FABRICATION

Introduction

TASK OBJECTIVES As an essential element of the nuclear fuel

cycle reactor fuel fabrication must be considered in evaluating nuclear

energy park feasibility and viability Fabrication plant costs even for
the highly engineered facilities required to produce Pu-bearing fuel
are small fraction of those for the reactors they serve

The primary objective of this task is to provide data on reactor
fuel fabrication requirements and costs that may have significant

impact on overall study conclusions Because supply of ttstandardtt

U02 fuel for LWR reactors is assumed in the reference study to be
from offsite sources comparative data are developed only on MO2
fuel for which it is necessary to

forecast the functional regulatory and operational require
ments that will apply to future MO2 fuel fabrication activities

define representative plant concepts that will meet these

requirements for each of the cases selected for study and

project plant facility and operating costs implementation
schedules and other factors of potential impact on the overall evalua
tion of park feasibility and viability

1.2 AVAILABLE RESOURCES Experience to date in commercial
fabrication of U02 fuel for LWR power stations is relatively extensive
Fuel designs are firmly established and fabrication facilities and

operations have been demonstrated on production scale Other fuel

types have been developed and fabricated on an experimental or pilot

scale for general demonstration of in-reactor performance capability
but commercial experience is lacking Production fuel designs have
not yet been established and fabrication process and facility require
ments for assuring necessary fuel performance characteristics have
not been fully defined For Pu-recycle MO2 fuels which are of

principal interest in this study demonstration rods and bundles have
been fabricated in facilities Table 4-29 designed primarily to handle
14clean Pu recovered from relatively low exposure fuel rather than
that obtained from reprocessing of commercial power reactor fuel

which is substantially more radioactive because of its high exposure
The fact that significantly more restrictive regulatory requirements
have evolved since these prototype production facilties were designed
and licensed also affects the validity of MO2 fabrication experience to

date as the basis for projecting future facility requirements and costs
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Table 4Z9 Existing MO Fuel Fabrication Facilities

LICENSEE EXXON NUCLEAR GENERAL ELECTRIC KERRMCGEE NUMEC WESTINGHOUSE

LOCATION RICHLAND WASHINGTON PLEASANTON CALIFORNIA CRESCENT OKLAHOMA PARKS TOWNSHIP CHESWICK
PENN SYLVAN IA PENNSYLVAN IA

CAPACITY MT/YR 15 10 20 IS

FEED MATERIAL
U02 PuO2 NITRATE SOLUTION NITRATE SOLUTION NITRATE SOLUTION NITRATE SOLUTION

and Pu and Pu and Pu and Pu

PLANT PRODUCT
MO2

FUEL ASSEMBLIES MO2 FUEL RODS
MO2 FUEL RODS

MO2 FUEL RODS
MO2

FUEL RODS

PLUTONIUM POSSESSION 10 UNENCAPSULATED IS 360 2000 120
LIMITS kg 100 TOTAL

THERE ARE FOUR OTHER COMMERCIAL ORGANIZATIONS WITH LICENSES TO PROCESS PLUTONIUM
FOR FJEL ROD MANUFACTURE BUT THEIR PRESENT PLUTONIUM OSSESSION LIMITS ARE
TOO LOW FOR CONSIDERATION AS ViABLE MIXED-OXIDE FUEL MANUFACTURERS



Three companies Exxon Nuclear General Electric and

Westinghouse are known to have done preliminary engineering work

on commercial plants to be built sometime after current regulatory

uncertainties are resolved which would be capable of producing MO2
fuel for LWR use from high exposure Pu The Construction Permit

Application filed by Westinghouse under Docket No 70-1432 is the

most complete information published on current production-scale

fabrication plant concept

In regard to colocation of fuel fabrication facilities with related

activities prior studies of potential nuclear energy park configura
tions have considered integration of both head end UO fuel and back

end Pu recycle functions In addition some work has been done on

colocation of fuel reprocessing and MO2 fuel fabrication facilities to

facilitate safeguarding of separated Pu

For the present task latest information available from industry

and government agency publications on commercial plant concepts

regulatory trends implementation costs and colocation effects has

been utilized to provide suitable input data for evaluation of the alter

native energy park study cases selected for consideration

1.3 KEY ISSUES The following three is sues are of particular

significance to the objectives of this task

Regulatory Requirements in the Time Period of Interest

Extent of Process Line Mechanization Remoteability etc

Necessary in Future Production Plants

Feasibility and Viability of Study Case Reactor Loading Plans

Regulatory Requirements in the Time Period of Interest Require
ments in the areas of process material confinement resistance to

operating and accident forces earthquake tornado etc fire pro
tection and nuclear criticality safety are generally well defined

However continued escalation is indicated in requirements for pro
tection against fissile material diversion and against loss of material

control by deliberate intrusion or sabotage Also in the area of plant

personnel and environmental protection the As Low As PracticableU

regulatory philosophy is being applied with indications of significant

potential impact on future facility requirements and costs Finally

regulations currently are being proposed Federal Register 39-178

pp 32921-3 on collection treatment and disposal of transuranium

contaminated Pu bearing wastes which are defined so as to include

virtually all nonproduct streams from MO2 fuel fabrication plant

Although the final form of these regulations and the details of related
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Federal agency program plans have not yet been established indica
tions are that there will be substantial impact on production facility
designs and operations

Extent of Process Line Mechanization Remoteability etc
Necessary in Future Production Plants Compliance with present
personnel protection standards is difficult to achieve in hands-on

glove box operated and contact maintained facilities processing Pu
from high exposure fuel Tighter personnel protection limits or more
radioactive process materials would result in step increase in facility
complexity and cost The need to handle materials of higher specific
activity could result from

Future increases in goal exposures for power reactor
fuels certain to apply to breeder reactor fuels

Utilization of Pu recovered from recycle fuel successive
irradiations result in additional buildup of isotopes

responsible for Pu radioactivity or

Possible regulatory requirements that the radioactivity
associated with fissile Pu deliberately be maintained at

high enough levels to deter diversion by incomplete de
contamination of recovered product or by spiking with

specific radioisotopes

Careful consideration must be given to study bases and assumptions
in this area because of their effect on feasibility of alternative Pu
utilization schemes as well as on facility requirements and costs for

specific study cases

Feasibility and Viability of Study Case Reactor Loading Plans
There appear to be continuing incentives for recycle of recovered Pu
to nearer term non-breeder power reactors based on expected limi
tations in virgin supply and enrichment capacity Economic justifi
cation based on the value of recoverable and Pu as LWR fuel feed
materials being greater than the net cost of recovery and utilization

is less clear Assuming that future regulatory agency policies will

allow Pu recycle the effect of contingent constraints and implemen
tation costs may be such as to make storage of spent fuel unrepro
cessed so-called throwaway cycle more attractive alternative than

recovery and return of and Pu to the thermal reactor fuel cycle at

least until the need for these recoverable products to supplement
normal fuel feed supplies becomes critical i.e is reflected in higher
costs for U02 only fuel Even if economically justified the practic
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ability of higher MO2 loadings in LWR power stations as called for in

the Pu burner cases and of multiple recycle of and Pu as implied

for long term equilibrium conditions has not been completely explored

All of these factors are considered in this study

14 METHODOFEVALUATION As the first step in implementing

this task review was made of available information on existing

pilot plant M02 fuel fabrication facility designs and operations and

on proposed commercial production-scale plant concepts repre
sentative flowsheet was identified and adjusted as deemed necessary

to account for expected regulatory and operational requirements in

cluding integration with fuel reprocessing functions on common site

Based on this reference concept facility requirements were identified and

input data developed for the overall evaluation of energy park feasibility

and viability

46.2 Bases and tions

REGULATORY The most basic assumption is of course that re

cycle of Pu through thermal reactors as well as breeders will be per
mitted as matter of regulatory policy Procedures for reaching

policy decision on Pu recycle were formally initiated with issuance by

the AEC in September 1974 of draft envirxmental impact statement

on the use of recycled Pu as fuel in LWRs The general conclusion

of the draft GESMO is that prompt reprocessing and full recycle of

recovered Pu is the preferred course of action based on energy supply

and economic considerations and that current and proposed regulations

in regard to safeguarding Pu waste management etc will assure that

associated risks to public health and safety will be maintained at

acceptable levels Published comments on the draft GESMO indicate

that considerable revision will be required to gain final industry and

public acceptance Public hearings for discussion of key issues are

scheduled to be initiated prior to publication of the final GESMO

Federal Register 39-238 pg 43101 Although number of significant

issues are being raised the decision that MO fuels may be used in

LWRs is deemed likely to be made by the Nuclear Regulatory Commis
sion after completion of the final GESMO and the public hearings

thereon

Amendments to applicable rules and regulations reflecting the

decision to permit Pu recycle are expected to follow These too will

go through comment and public hearing procedures prior to final

issuance The effect of their ultimate scope and content on future

plant facility and operating requirements is difficult to project at this

time Based on available information the following general assump
tions appear appropriate for this study
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Safeguards and Pysica1 Protection In response to concerns
about Pu diversion potential production-scale MO2 fuel fabrication
plants will have to be located at the same site as the reprocessing
plants from which they obtain their input Pu Thus the reprocessing
refabrication interface will be the same for the comparative dispersed
siting case as for the various energy park facilities Requirements
for protection of fabrication plants and of the licensed materials con
tained therein will be more detailed and extensive than at present
for all the cases considered but will not include Pu spiking to deter
diversion It is assumed that Pu accountability requirements will not
preclude the use of reprocessing plant facilities to support fabrication
operations in such areas as scrap recovery etc

Plant Safety and Environmental Protection Requirements for
process material confinement resistance to operating and accident
forces earthquake tornado etc fire protection nuclear criticality
safety etc will be generally as set forth in current regulations and
guides Continuing application of the As Low As Practicablet approach
will result in reduced exposure limits for operating personnel such
as to require mechanization of process operations and tighter limits
on offsite releases such as to require advanced effluent treatment
systems Consideration of environmental impact will be on total

site rather than individual plant basis

Waste Treatment As finally issued regulations regarding
management of transuranium contaminated wastes will be such as to

require collection consolidation packaging and offsite transfer of all

process related wastes from MO2 fuel fabrication operations including
conta.minated failed equipment It is assumed that regulations will

permit integration of related reprocessing and fabrication plant func
tions such as treatment of similar wastes in common facilities

FUNCTIONAL REQUIREMENTS It is assumed that individual
fuel fabrication plants will be required to produce only one general
type of MO2 fuel If breeder reactors are developed and applied for
commercial power generation there will be demand for Pu to pro
vide initial fuel inventories Regulations are expected to preclude
bulk shipment of separated Pu but possibly would permit shipment of

finished fuel bundles under appropriate controls Design of facilities
to fabricate MO2 fuels for both LWRs and LMFBRs from LWR pro
duced Pu is not out of the question However it is more likely that

separate lines would be provided to utilize LWR produced Pu for
LMFBR fuel possibly as an addition to an LWR support facility to
be designed and installed after LMFBR fuel design details fabrication

process constraints and capacity requirements have been fully defined
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In regard to MO2 fuel designs for use in LWR power reactors it

is assumed that Pu will be distributed in the core lattice for near

optimum utilization rather than uniformly which will result in MO
bundles containing some U02-only rods as well as differing pro

portions of Pu02 in individual MO2 rods Thus the MO2 fuel fabrica

tion plants must include parallel lines and/or provisions for clean-out

between batches to meet accountability quality control and operating

efficiency requirements

It is assumed that colocated fuel reprocessing facilities will pro
vide necessary input Pu for the MO2 fuel fabrication plant some of

which will have been recovered from irradiated MO2 fuel in the form

of Pu02 powder suitable for direct utilization dry mechanical head end

operations only UO2 feed material also is assumed to be delivered

to the plant in ready-to-use form from offsite sources which would

supply fuel rod tubing and end plugs as well as bundle fittings U02
fuel rods and such other hardware as may be necessary for assembly

of complete MO2 fuel bundles ready for reactor loading The functions

assumed to be provided within the fuel fabrication plant then are as

shown in Figure 4-49

4.6.2.3 U02 fuel

fabrication process technology is directly applicable to MO fuel pro
duction System layouts and equipment details will differ because of

the shielding and confinement requirements or Pu but sound bases

are available for fabrication flowsheet selection and process design

Variations among existing pilot plant and proposed commercial

facility process operations principally are in the U/Pu blending func

tiori liquid blending and coprecipitation versus dry blending and in

support systems scrap recovery waste treatment etc which are

particularly affected by regulatory trends and for which production-

scale experience has not yet been obtained Study of the various

alternative approaches indicates that the scope of facility requirements

and costs are not affected significantly by the particular choices made

in these areas as long as essential functions are provided On this

basis the flowsheet shown in Figure 4-50 is assumed to be appropriate

for development of input data to the evaluation of energy park resource

requirements and performance capability

In regard to plant and equipment design concepts it is deemed

likely that shielding requirements to meet expected personnel expo
sure limits for systems utilizing Pu from high exposure fuel will

make direct glove bOx operation impractical On this basis it is

assumed that process systems will be meŁhanized so as to limit per
sonnel access requirements to set up operations prior to actual fabri

cation and periodic adjustments when process materials are present
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Figure 4-49 MO2 Fuel Fabrication Plant Functions
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Figure 4-50 MO2 Fuel Fabrication Plant Flowsheet



as in ALKEIVI plant Equipment repair and replacement activities
with process materials removed are assumed to be by contact glove
box type methods

Reference Concepts

GENERAL DESCRIPTION Layout of plant facilities is generally
similar for all of the study cases considered typical arrangement
for plant capable of utilizing all of the Pu recovered in closely

coupled reprocessing plant of 1500 MTU/yr capacity reference dis
persed site case is shown in Figure 4-41 Throughput capability
is conservatively set at 500 MTMO2/yr on the basis of the Pu yields

projected for the study case reactors 12 kg fissile Pu per MTHM
in the mix of U02 and Pu02 fuel under equilibrium recycle conditions

as shown in Table 4-il and recycle fuel with about 4% fissile Pu as

Pu02 Most projections have assumed lower Pu yields and higher per
centages of Pu02 in MO2 fuel rods so that ratios of reprocessing
plant throughput in MTTJ/yr to fabrication plant capacity in MTMO2/yr
have been nearer 51 than the 31 resulting from the bases and assump
tions used here Key elements of the reference plant concept can be
described as follows

Acreage Requirements An independently sited MO2 fuel fabri
cation plant would require sufficient acreage to provide minimum
distance of about 1/2 mile from process facilities to which uncontrolled

public access would be permitted 700 to 1000 acres As noted in the

previous section this area can be shared with other controlled access
facilities if absence of deleterious interactions under operating and
accident conditions can be assured All of the study cases are based
on colocated fuel reprocessing and fabrication facilities so that separate
areas of limited public access are not required and single security
area can be utilized for both plants to meet safeguards and physical
protection requirements

The area actually occupied by fabrication plant facilities located

within the security area nuclear material receiving area main
manufacturing building bundle assembly facilities utility and
service structures etc varies with plant capacity but dispersed
versus park siting has only minor effect Non-process related facilities

located outside the security fence principally nonradioactive sewage
treatment facilities potable water supply etc will be shared with

colocated facilities with the portion assignable to fuel fabrication

having insignificant impact on overall area requirements
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Main Manu1acturing Building In the reference concept colocated

fuel reprocessing and MO2 fuel fabrication facilities are housed in

single process building complex with common wall separating the

Pu02 loadout area of the reprocessing portion referred to earlier

as the Main Process Building MPB from the feed material receiv

ing area of the refabrication portion here called the Main Manufactur

ing Building MMB
It is assumed that Pu02 product will be moved from the MPB to

the MMB in transfer containers for accountability purposes although

transfer lines which would keep the Pu always confined and eliminate

the need for containers are conceivable

All fuel fabrication equipment and systems which handle Pu and/or

in potentially mobile form will be located within the MMB which will

be designed to provide confinement and control of such materials during

normal fabrication operations and under credible accident and natural

disaster conditions fire explosion earthquake tornado etc Prin

cipal elements of the MMB common to all study cases include

Feed Material Receiving and Storage Area Inside the

Security fence site roadways lead to truck well and

adjoining area in the MMB for receipt of UO2 and PuO2

in standard protective packages and for their storage

while awaiting transfer to their proper unloading stations

Work space and facilities are provided for detecting and

removing surface contamination on incoming packages

and transport vehicles The Pu02 storage area is

shielded vault type enclosure with an inside access

door to permit fork lift or dolly transfer of loaded con

tainers to and from storage Individual storage loca

tions for each Pu02 container are appropriately spaced

and shielded The separate UO2 drum storage area is

designed to less restrictive requirements The amount

of feed material storage provided is based on operating

continuity considerations and thus will vary directly with

plant capacity

Pu Unloading Area Located near the PuO2 storage vault

is an unloading station for transfer of Pu02 powder from

the transfer or shipping packages to bulk storage/blending

facilities Separate compartments are provided for the

successive operations which include opening the sealed

shipping package removing the inner containers of

Pu02 powder from the shipping package opening the
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Pu02 containers weighing and sampling the contents

transferring them to bulk storage vessels and reweighing
the emptied cans to assure completeness of transfer

all done remotely and disposing of the cleaned

inner containers compacted and packaged Discrete

container size as well as access restrictions dictate

that multiple stations be provided for larger capacity plants

Bulk PuStorage Area Pu02 powder storage vessels pro
vide surge capacity for subsequent MO2 pellet fabrica
tion operatiorts as well as capability for blending Pu02
powders to produce homogeneous batches and for sampling
the material for analysis Vessel size is limited by

criticality considerations so that multiple units are

required

U02 Unloading and MO2 Blending Area Facilities are

provided in this area for unloading U02 powder from sealed

shipping containers into U02 transfer hopper receiving

fresh Pu02 powder from inpiant storage and recycled PuO2
powder from the Clean Scrap Recovery System metering
these powders through weigh hoppers to an MO blender

and preparing homogeneous batches of MO2 powder of

specified proportions Provisions are included for

assuring that moisture content limits for criticality

control are met and for assuring confinement of process
materials Again multiple lines are required for larger

plants because of batch size and criticality control

considerations

MO2 Powder Storage An area is provided for facilities

in which output from the MO2 blender is milled sampled
stored until sample analysis results are known and then

transported either to the slug press at required production

rates or to the clean scrap recovery system Unit sizes

are limited by criticality considerations so that multiple

units are required for larger plants

Green Pellet Fabrication and Storage Integrated systems
are provided in designated location for compacting MO2
powder into slugs granulating the slugs pressing the

granules into pellets of specified size and density loading

the pellets into boats and storing the loaded boats for

delivery to the si.ntering furnace at required production rates
Undersize granules are recycled to the slug press while

oversized granules and rejected green pellets are treated as
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recoverable scrap Use of parallel units would be based

mOre on operability considerations than specific size

limitations

Sintering Furnace and Sintered Pellet Storage separate

area is provided for sintering furnace and associated

systems which receive batches of green pellets in boats

and sinter them to specified density under controlled atmos

phere and temperature conditions Provisions are included

for pellet inspection and for resintering underfired pellets

routing overfired pellets to scrap recovery and storing

-acceptable pellets until required for downstream operations

Practicality considerations for contained units with necessary

repair and replacement capability require multiple lines

for larger plants

Pellet Grinding Inspection and Storage designated

location is provided for facilities in which pellets are

received from the furnace storage area and surface ground

to specified dimensions inspected dried and held for

release as required by fuel rod assembly operations Pro
visions are included for routing selected samples to analyti

cal facilities sending defective pellets to scrap recovery

systems and reclaiming MO2 from the grinder sludge

Parallel lines are required for larger plants based largely

on operability considerations

Non-Fuel Material Preparation Facilities for receipt

inspection cleaning and storage of fuel rod hardware

tubing end plugs springs are located in separate

area Bottom end plugs are welded into the tubes prior

to delivery to the fuel rod loading station

Fuel Rod Loading Area designated location is provided

for systems in which MO2 pellets are loaded into fuel tubes

springs are inserted and top end plugs are welded in place

under closely controlled conditions Provisions are included

for assuring absence of contamination on rod external

surfaces prior to removal from the glove environment

required for rod loading operations The nature of these

operations is such as to require parallel lines to achieve

production rates

Fuel Rod Inspection Area Facilities for determining whether

sealed rods meet production specifications are grouped in

designated location Provisions are madefor helium leak
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testing x-ray inspection enrichment scanning and

checking for rod straightness weld quality diameter

weight and surface condition Area is provided for

certified rod collection and storage while awaiting
transfer to the bundle assembly area Reject rods

are collected for routing to the rod repair and dis

mantling area single integrated inspection station

can handle all but the largest plant production rates

Scrap Recovery Designated areas are provided for

1clean11 process scrap collection and treatment systems
which recover fuel materials for recycle Sources

would be reject MO2 powders green and sintered pellets

and rods after dismantling which would constitute

90% of the scrap from fabrication operations The

dry process system includes crushers reduction

oxidation/reduction reactors and support equipment

required to produce homogeneous batches of MO2
powder which can be certified analytically to be accept
able as blend stock for pellet fabrication Provisions

also are made for processing unpure but recoverable MO2
scrap which includes incinerator ash and solutions from

leaching of contaminated equipment This wet system
consists of dissolvers and solvent extraction columns

for coextracting and Pu from the various impurities in

nitrate solution form for routing to the colocated repro
cessing plant where the Pu and are partitioned and the

recovered Pu combined with the main reprocessing

plant Pu stream for eventual conversion to Pu02 In regard

to variation of scrap recovery area and equipment require
ments as function of capacity the number of geometrically-

safe collection bins required will increase directly with

throughput rate

Waste Treatment Facilities for collection and treatment

of Pu contaminated waste streams are located within the

MMB complex Reprocessing plant facilities would be

used to the extent practical for liquid waste conversion

to forms meeting Federal agency acceptability require
ments for ultimate disposal packaging and interim storage

Provisions for incinerating combustible wastes and pro
cessing failed Pu contaminated equipment for disposal

would be capable of handling similar materials from repro
cessing plant operations Gaseous waste treatment systems
would be separate
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Operating Areas Operating control stations for the major

process line functions are provided at appropriate locations

within the MMB supervisory console also is provided

Provisions are included for computer system to be used

for operating data accumulations nuclear materials

accountability and process and quality control Control

area and equipment requirements do not vary greatly

with plant capacity

Laboratory Areas Facilities for performing necessary

analyses on feed materials process streams fuel product

scrap and waste are located in designated areas of the MMB
Functional requirements would be integrated with those of the

companion reprocessing plant but facilities typically would

include wet chemistry laboratory spectrographic

laboratory an analytical standards laboratory and

metallurgical and powder characterization laboratory

Area and equipment requirements would not vary much with

plant capacity

Utilities and Services Provisions are included in the MMB
complex for ventilation and utility equipment laundry facilities

process chemic4l supply systems etc Shop facilities mechani
cal electrical instrument piping etc.including general
hot shop also are provided

Offices Change Rooms etc Areas are included in the MMB
complex for location of operating staff personnel and direct

support functions as well as for personnel access control etc

Bundle Assembly Facility Equipment to assemble MO fuel

bundles for reactor insertion are housed in separate enclosure of

MMB The reference concept is based on bundle designs which

include U02 only as well as MO2 fuel rods The U02 rods and

necessary bundle hardware would be received from qualified offsite

fabricator same one that supplies UO2 fuel bundles for the reactors

in which the MO2 bundles are to be loaded To simplify operations

the reference concept is based on the UO2 rods being assembled into

bundles at the fabricatorts plant with dummy rods in the positions to

be occupied by MO2 fuel rods Work space and facilities then are

provided in the MO2 plant bundle assembly building for

U02 Subassembly Receiving and Storage Fully certified

preassembled fuel bundles having dummy rods color coded

to assure identity installed in the MO2 rod positions would be

shipped by truck in standard containers The receiving dock

4180



and storage area for incoming containers is located in

the bundle.assembly building The U02 subassemblies

would be stored in their shipping containers until needed

for MO2 bundle assembly

MO2 Rod Storage An appropriately shielded and secured

vault area is provided for storage of finished MO2 fuel rods

received from the MMB rod inspection area Size of the

vault and of the U02 subassembly storage area as well

will vary directly with plant capactity

MO2 Bundle Assembly The principal work station consists

of subassembly container unloading area and bundle

assembly table An overhead crane is provided for remov

ing subassemblies from their shipping container and trans

ferring them to the assembly table or to racks for storage

until needed where they would be clamped in vertical

position by appropriate fixtures To facilitate subsequent

operations the assembly table for the reference plants is

designed to return the clamped subassembly to horizontal

position in which end fittings would be removed and the

dummy rods withdrawn Necessary quality control

checks on the subassembly then would be made All

activities to this point would be by direct contact methods

mechanized insertion system is provided as part of the

work station for remotely installing the MO2 fuel rods in

the vacant bundle positions under controllable pressure

and alignment conditions Provisions also are made for

movable shielding sleeve to be placed over the bundle body

leaving the top exposed so that upper end fittings can be

reinstalled manually using elongated tools to minimize

personnel exposure finished bundle check station also

is located in the bundle assembly area for final quality

verifications leak tests physical measurements etc

Practical limits to throughput rates for an individual

assembly and checkout line of this type indicate that parallel

facilities are required for larger plants

MO2 Bundle Packaging and Storage Work area is provided

in the Bundle Assembly Building for loading certified bundles

into protective packages and storing them until required for

reactor loading Provisions will vary among the reference

cases depending on capacity and utilization plans
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4.6.3.2 SPECIFIC CONCEPTS

Plant data for the comparative non-park

case are included in Table 4-30 The capacity selected is consistent

with the bases and assumptions indicated previously In addition to

parallel process lines facility requirements at all stations are some
what more extensive to permit production of wider variety of bundle

designs as probably would be necessary in larger capacity facility

serving dispersed reactors of varying core configurations and MO2
loading plans

M02 fuel fabrication facilities

sized to process the Pu produced in only four LWRs of the reference

capacity are feasible although smaller than optimum Throughput

rate requirements for the various unit operations are well within

single line limits but necessary provisions for operating continuity

separation of batches having different Pu contents etc add to the

scope of facility requirements relative to simple single-line concept

MO2 fuel fabrication facilities

capable of processing the Pu produced in 20 reactor park complex
must have multiple units for number of process operations Arrange
ment in parallel process lines would facilitate separation of fuel

batches having different Pu contents etc

26000 MWe Pu-Burner Park Case recycle fuel plant capable

of meeting the requirements of 20 reactors loaded with the maximum
amount of Pu in MO2 fuel would be near optimum size Parallel

lines are necessary to meet production rate requirements and

would be utilized to permit fuels ofdiffering Pu content etc to be

produced concurrently

26000 MWe Pu-Burner Park Case With Excess Pu Recovery
The MO2 fuel fabrication plant concept for this case

is based on providing LWR reload fuel production capability to match

onsite Pu burner reactor requirements and ultimately the capability

to utilize Pu in excess of these requirements for production of breeder

reactor fuel to meet initial inventory requirements as such reactors

are brought on line Provisions would be made in the MO2 plant

design for addition of breeder reactor fuel fabrication lines after

design details and process requirements for such fuels had been es
tablished Reload fuel for fast breeders would have to be fabricated

in other facilities integrated with fast reactor fuel reprocessing

plants but projected rates of breeder reactor additions in the far

future indicate that continued utilization of LWR-produced Pu will be

4182



Table 4-30 Reference Case MO2 Fuel Fabrication Plant Data

DISPERSED 5200 MWe 26000 MWe 5200 MWe 26000 MWe

SITING CASE ENERGY PARK Pu PARK Pu PARK PJ PARK

PARA 4.6.3.1 T4P N6PD N4PD

NOMINAL CAPACITY

MO2 RODS/YEAR MT 500 50 250 165 825

ANNUAL INPUT

Pu FISSLE MT 94 1.9 9.4 6.2 31

Pu TOTAL MT p26 2.5 10.7 8.3 41

TOTAL Pu
02 MT 30 2.9 12 9.4 47

in
UO2 POWDER MT 424 41.5 207 138 687

TOTAL
UO2

POWDER MT 480 47 238 57 779

ANNUAL OUTPUT

PLUS Pu MT 450 44 218 146 728
in

MO2

TOTAL
MO2

MT 510 50 250 166 820

TABLE 4Il CASES
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Pu for fueling new reactors on any reasonable time scale

4.6.3.3 CONCEPTS FOR FABRICATING OTHER THAN LWR FUELS
Only general consideration has been given to functional requirements

and plant concepts for fabricating recycle fuel for alternative reactor

types such as HTGRs and LMFBRs Published information is not

sufficiently detailed to permit effective evaluation within the time and

resoLXrce constraints of this study The relative contribution of fuel

fabrication to overall system requirements and costs for power genera
tion with such reactor types appears to be of the same order as for the

LWR cases considered

Costs and Schedules

4.6.4.1 GENERAL RELATIONSHIPS

Evaluation Procedures Information available on 1102 fuel pro
duction plants and pilot scale MO2 fuel fabrication facilities as well as

from studies of LWR recycle fuel production plants of various capaci
ties was utilized to develop cost and schedule characterizations for

the reference plant concepts Bases were established for evaluating

all necessary project and support activities including variation with

plant capacity etc However since no large scale facilities meeting

current functional and regulatory requirements have been built

there were no directly applicable design and construction project data

against which to check the results

Cost Relationships MO2 fuel fabrication plant capital costs as

function of capacity are shown in Figure 4-51 Principal indications

are that

Design and construction costs for MO2 fuel fabrication plants

will be substantially higher than projected in previously

published fuel cycle cost evaluations largely because of

additional provisions required for plant safety and personnel

protection nuclear material safeguards waste management
and quality assurance but also because of allowances made

in this study for recent trends in major facility project

implementation costs At design capacity of 300 metric

tons of MO2 per year for example capital costs on the

order of $lX million January 1975 dollars are indicated

where support facilities are shared with colocated repro

cessing plant This compares with preliminary engineering

estimates in the $50 millionrange made in 1972 for an inde

pendent plant of similar process design and capacity
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There are no fabrication plant size limitations within the

range of recycle fuel production rates covered by the

reference study cases Investment requirements per unit of

capacity for the low end of the range considered are indicated

to be times those for the largest size plants but even so

they are small fraction of the total capital costs per unit of

nuclear power generating capacity

MO2 fuel fabrication operating costs as function of capacity are

shown in Figure 4-52 which indicates that

Unit costs for producing MO2 fuel in future plants will vary

with capacity and will entail cost penalties relative to

U02-only fuel fabrication plants which are greater than have

been projected in previously published studies As in the

case of capital costs the operating costs for small plant

MO2 fuel fabrication may be up to times those for

large plant of the reference size 500 MTMO2/yr Extra

polations for larger plants from MO2 fuel fabrication exper
ience to date result in much greater uncertainties than re
processing plant extrapolations Figure 4-43

In comparison to straight U02 fuel fabrication costs it

appears that necessary provisions for remote operations

safeguarding of Pu and treatment of Pu contaminated wastes

will result in fabrication cost ratio of possibly to for

MO2 fuel from production-scale plants assembled bundle

basis instead of to as projected in early Pu recycle

studies In regard to absolute magnitude it is noted that

most recent bids ranged up to $350/kg MO2 for LWR re
cycle fuel to be fabricated in plants having annual capaci

ties of 30 to 80 MTMO2 but the relation of such bids to total

production costs including depreciation and return on invest

ment is not clear Projections published in GESMO WASH
1327 indicate fabrication costs in the $150 to $200/kg range

for larger size plants Results of this study indicate total

fabrication costs of $200/kg MO2 for plant of the reference

concept at design capacity of 300 to 500 MTMOz/yr includ

ing 15% discounted rate of return on investment after taxes

which is not untypical for high risk business

Schedule Considerations Evaluation of duration and sequencing

requirements for the various activities involved in design construc

tion and licensing of future MO2 fuel fabrication plants indicates

Figure 4_53 overall schedule requirements of 65 to 7.5 years from
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initiation of formal design to first useful production major
contributor to schedule length is the time required for acquisition of

construction permit Present and projected licensing procedures
require safety and environmental impact analyses in support of con
struction permit applications to be based on firm design data regard
ing principal structures and systems equivalent to at least 25% of the
total design effort Engineering work can and must proceed in

parallel with regulatory review of the construction permit application
but significant design features are subject to change until final

approvals have been obtained following which field work can be
initiated Based on the assumption that reprocessing operations would
not be initiated until sufficient spent fuel was available to support the
full design throughput rate the minimumtime required to complete

MO2 plant facilities is not critical to this study

SPECIFIC COST PROJECTIONS Cost data for the various study
case MO2 fuel fabrication plants are summarized in Table 4-31 All

identified elements of cost are included with appropriate uncertainty
allowances The contingency shown is intended to cover as yet un
identified activity requirements and costs Operating and maintenance
costs for each of the study cases are shown in Table 4-32

PROJECT SCHEDULES MO2 plant design and construction pro
ject expenditure schedules for each of the energy park cases are
shown in Table 4-33 based on projected availability of recovered Pu
from companion reprocessing plants Alternative schedules for

bringing such facilities into full production are feasible particular for
the larger plants employing parallel process lines However impact
on overall study conclusions would not be significant

Conclusions and Recommendations Nuclear Fuel Fabrication
It is concluded that colocation of LWR fuel reprocessing and recovered
plutonium recycle fuel fabrication plants is generally feasible and prob
ably will be required in the time frame of interest Incorporation of

close-coupled recovery and recycle facilities into LWR energy parks
also is deemed feasible When present uncertainties regarding regu
latory requirements and constraints have been resolved principally
on physical protection of fissionable material it will be possible to

proceed with design and construction of production-scale plants HTGR
and LMFBR fuel fabrication plants probably could be built in the time
frame of interest also but demonstrated process and equipment tech
nologies necessary for installation of companion fuel reprocessing
plants may not be available on an equivalent schedule judging from
review of currently published program plans
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Table 4-31 M02 Fuel Fabrication Plant Project Costs

for Reference Study Cases

CAPACITY MTMO2/YR

50 65 250 500 825

MILLION JAN 975

SITING INCLUDING LICENSES AND 3.0 3.3 3.5 3.8

PERMITS FOR CONSTRUCTION

SITE STRUCTURES AND 8.9 16.4 20.4 305 44
FACI LITIES

PLANT EQUIPMENT 12.0 22.4 27.8 42.5 59

INDIRECT COSTS 9.2 13.8 17.2 26.5 37

CONTINGENCY 9.9 17.1 21.1 31.7 44

TOTAL PROJECTS COSTS 43 73 90 135 188

EXCLUSIVE OF LAND COSTS

..-F -Th .-.fl ..
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Table 4-32 MO2 Fuel Fabrication Oper Maint

Costs for Reference Study Cases

CITYMTh02/YR

50 165 250 500 825

LLION JAN 1975

FIXED COSTS1

EMPLOYEES2 4.3 5.9 7.0 9.0 10.5

TAXES AND INSURANCE 0.9 1.5 1.8 3.0 3.9

DECOMMISSIONING FUND 0.4 0.8 1.0 1.5 2.1

LICENSES AND PERMITS 0.6 0.6 0.6 0.6 0.6

OThER 0.2 0.3 0.4 0.6 0.9

VARI ABLE

FABRICATION 0.4 1.2 1.9 3.8 6.2

WASTE PACKAGING 0.1 0.2 0.3 0.6 1.0

BUNDLE ASSEMBLY 0.1 0.3 0.5 1.0 1.7

EQUIP MAINT AND 2.4 3.9 4.8 7.8 10.3

REPAIRS

TOTAL 9.4 14.7 8.3 27.9 37.2

DOES NOT INCLUDE DEPRECIATION RETURN ON INVESTMENT ETC

CONSIDERED FIXED BECAUSE STAFFING IS VIRTUALLY INDEPENDENT

OF THROUGHPUT FOR GIVEN PLANT
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Table 4-33 MO2 Plant Project Expenditure Schedule

YEARS PRIOR TO INITIAL Pu AVAILABILITY

CASE DESIGN CAPACITY
JANUARY 1975 DOLLARS IN MILLIONS

DISPERSED SITING 500 MTMO2/YR
16 27 38 28 IS

5200 T4e ENERGY PARK 50 MTMO2/YR
12 tO

26000 I4We ENERGY PARK 250 MTMO2/YR
tO 19 26 19 tO

5200 MWe Pu PARK 165 MTMO2/YR
15 21 15

26000 MWe Pu PARK 800 MTMO2/YR
20 35 49 37 20



Although the full impact of regulatory constraints will not be

known for some time it is concluded that project costs for MO2
fuel fabrication plant of reasonable size 300 MTMO2/yr which

would utilize the Pu recovered from 1500 MTtJ/yr of TJO2-only LWR
fuel or 900 MTTJ/yr of U02-only plus MO2 fuel under equilibrium

recycle conditions assumed for the energy park study cases will be

$330 000 per MTMO/yr in January 1975 dollars which is equivalent

to $2 to $3 per installe kWe served For the smallest sized plant

called for among the reference energy park study cases 50 MTMO/yr
project coats per unit of capacity appear to be2 times as much
For an MO2 plant capacity matching the largest Pu-burning LWR
energy park case considered 26000 MWe loaded with the maximum

practical amount of MO2 fuel project costs of- $250 000 per

MTMO2/yr are indicated by this study Unit costs for MO2 fuel rod

fabrication and bundle assembly functions in such facilities including

typical capital charges are concluded to be in the range of $150 to

$570/kg MO2 depending on plant throughput
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4.7 WASTE MANAGEMENT

Introduction

TASK OBJECTIVES Facility requirements and costs for control

and disposal of wastes resulting from nuclear power generation are

such as to require consideration in evaluating energy park feasibility

and viability Of particular import are the radioactive materials

which are formed during irradiation of nuclear fuel in power reactors

and are not recoverable or do not have commercial value commensurate

with their cost of recovery Most of these waste materials are con

tained in the effluents from fuel reprocessing operations in which

materials of value in the irradiated fuel and Pu are separated from

the waste fission and transmutation products for return to the fuel cycle

Also because processes for conversion and recycle of useful products

are not completely efficient waste streams from these operations

will contain sufficient nuclear material Pu to require special

control and disposal provisions The quantities of wastes per unit

of power generated by nuclear means are very small compared to

alternative energy sources but being radioactive their potential

impact is such that management requirements are not insignificant

Previous sections of this report have included consideration of

facility and operating requirements for collection treatment and

onsite control of radioactive wastes from energy park reactors fuel

reprocessing plants and recycle fuel fabrication plants This section

on waste management deals with interim storage further treatment

and ultimate disposal of these wastes after transfer offsite The

primary objective is to provide such offsite waste management data

as may have significant effect on overall study conclusions

12 Because of potential impact on

public health and safety requirements for radioactive waste manage

ment in source licensed facilities are established by Federal regu
lations and the facilities required for long term management of wastes

from such sources are to be provided by Federal agencies As noted

in previous sections Federal agency AEC waste management regu

lations policies and plans have been evolving in parallel with the

growth in commercial nuclear power generation and related fuel cycle

support activities over recent years However an overall waste

control and disposal plan which will be acceptable to the public as

well as responsive to indusitry needs is still being developed now an

ERDA function and final regulatory requirements consistent with

such plan are yet to be established by NRC

In projecting future conditions considerable technical and engi
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neering information related to radioactive waste control and disposal
alternatives has been generated from which logical conclusions regard
ing necessary provisions and associated costs might be derived but

Federal agency decision-making procedures and public acceptance
requirements are apt to overshadow engineering logic in this case

In addition to the evolving policy statements and regulations that

have been issued information has been published over the years on
Federal agency programs and plans for providing longer term control

and
ultimat1disposition

of wastes from commercial nuclear facility

operations Comments on proposed program plans and regulations

by industry participants regional government agencies and other

interested groups also are available The latest information from
such sources was utilized as the basis for projecting waste manage
ment provisions and requirements in the time period of interest and

for characterizing the costs chargeable to nuclear power generation
for offsite waste control and disposal functions under the study case
conditions

KEY ISSUES The questions and unresolved issues of particular

significance to the objectives of this task all relate to future Federal

policies programs and requirements regarding radioactive waste

management As discussed in Nuclear Fuel Reprocessing the policy
and regulations on high activity level waste disposal from repro
cessing plant bulk fission product removal operations currently
contained in the Code of Federal Regulations Chapter 10 Part 50

I9CFR5O do not reflect the approaches now being considered by
ERDA for selection development and implementation Because of

concerns about very long-lived alpha emitters in nuclear plant wastes
the AEC in September 1974 published for comment proposed amend
ment to IOCFR2O which would require that all wastes containing or

contaminated by transuranium elements be packaged and transferred

to the AEC now ERDA which then would be responsible for subse
quent storage treatment and disposal functions with costs therefor

being passed back to industry At the same time draft Environ
mental Statement Management of Commercial High Level

an1
Transuranium Contaminated Radioactive Waste WASH-IS 39 was
is sued by the AEC 39 FRI78 32929 9/2/74 and procedures were
set up for necessary comments hearings etc to establish industry
and public acceptance This is an important step in defining
future waste disposal requirements and costs but as reflected in the

initial comments received from interested groups the draft state
ment does not recommend specific program plan for development
and implementation nor are the bases to be used in selecting plan
defined For example three different concepts and three different

locations are indicated as still being considered for high level
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Surface Storage Facility RSSF felt to be required

for interim retention of packaged high level wastes from commercial

facilities whileultimate disposal means are being evaluated

selected and implemented

In regard to ultimate disposition geologic disposal is indicated

to be considered the best long term alternative but again number

of candidate formations bedded salt shale granite are still

under consideration as well as certain more imaginative concepts

such as extraterrestial disposal transmutation and burial in polar

ice sheets

It is also noted in the draft statement that decision on where

and how to store commercially generated transuranic wastes has not

been made and that consideration is being given to whether radio

nuclides other than those covered by the proposed amendment to

IOCFR2O should be earmarked for AEC now ERDA management
Potential costs for Federal waste management and disposal services

will depend on the specific approaches finally selected but are

characterized as totalling from $2 to $3 billion through the year

2000 to be assessed to the nuclear power industry on full cost

recovery basis Projections of impact on the various reference

cases for the energy park study can be made but there will be

significant uncertainties in such projections until resolution can be

obtained as to

Types and Fn of Nuclear Wastes Reguirin Transfer to

Federal cust Lack of complete bases for determining

waste segregation and conversion requirements is one of the major

problems facing the nuclear industry today Necessary waste cate

gory definitions form specifications packaging and transfer require

ments etc are expected to evolve as detailed waste management pro

gram plans acceptable to the public are developed and implemented

and as specific nuclear plant process flowsheets and system designs

are submitted for regulatory review The range of possible require

ments and constraints has substantial impact on projected quantities

of wastes per unit of production to be transferred offsite

Post-Transfer Storge Treatment and Dispsal Functions

The scope of Federal

agency activities on management of wastes after receipt from

commercial nuclear facilities probably will have greater effect on

power generation costs than the pretransfer segregation treatment

and packaging requirements to meet receiving facility acceptance

criteria Available information on retention and disposal program

4197



plans suggests number of alternatives which represent wide range

of potential costs to be back-charged to industry but gives little basis

for projecting most probable or upper limit conditions

Methods for stributing Offsite Waste Manme ntCosts

Among Source Facilities Alternative approaches to investment

write-off operating cost allocation etc would have substantial

impact on projected offsite waste management service charges for

the various study cases even if waste categories requiring transfer

to Federal custody were defined and data on management facility

requirements and costs were available No firm information has

been published to date on cost allocation methods being considered

for application

Bases and Assumptions

7.2 GENERAL The primary assumption made is that the benefits

of nuclear power generation will be judged to outweigh potential risks

including those associated with long term radioactive waste manage
ment The scenario deemed most likely is one of protracted pro
ceedings for developing publicly acceptable waste management

program plan which will require complete rewrite of the draft

environmental statement and will force selection by ERDA of

general reference approach with details to be filled in as the results

of programmed work become available Continued operation of

reactors and head end fuel cycle facilities is expected to be permitted

under existing regulations supplemented by interim controls and guide
lines to permit startup of the AGNS fuel reprocessing plant and

issuance of construction permit for the first production-scale MO2
fuel factory before complete and consistent policies programs and

regulations are issued It is assumed that these interim measures

will include provisions for extended storage of spent fuel unreprocessed

and specification of acceptable intermediate waste forms for protected

storage while final treatment packaging and disposal requirements

are being defined

4.7.2.2 WASTE CATEGORIES

Projections of offsite waste management requirements and costs for

the various study cases are based on the following waste categories

High Level Wastes As presently defined in IOCFR5O Appendix

high level wastes are those aqueous wastes resulting from the

operation of the first cycle solvent extraction system or equivalent

and the concentrated wastes from subsequent extraction cycles or

equivalent in facility for reprocessing irradiated reactor fuels
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Definition by source rather than by specified content or activity level

is based on the fact that solvent extraction is utilized for bulk fission

product separation in virtually all existing and proposed fuel repro
cessing plant flowsheets Although quantitative specification may
evolve at least for the solid form to be transferred to Federal

custody it is assumed that this general definition will continue to

apply so that this most intensely radioactive category of wastes

will be from reprocessing plants only and will contain 99 9% of the

non-volatile fission products and 1% of the and Pu present in the

spent fuels as well as essentially all the other actinides formed by

transmutation of and Pu during irradiation Their intensity of

penetrating radiation and their rates of heat generation will be such

as to require shielding and cooling during shipment and storage

As noted in previous sections there may be specific cases in

which spent fuel reprocessing for recovery and recycle of contained

fissile uranium and plutonium may not be economically justified

fuel materials which have gone through multiple irradiation cycles
For such cases the unreprocessed spent fuel would be considered as

special type of high level waste

iYte The pieces of stainless steel or zirconium alloy

tubing and other fuel rod hardware that remain after dissolution of

the fuel core material in reprocessing plant head end systems are

separate category of wastes Their radioactivity arises mainly from
neutron activation of the structural materials during irradiation but

even after extended leaching and rinsing they will retain some of the

fuel core materials including plutonium so that they are considered as

one of the types of transuranium contaminated wastes to be covered

by currently proposed regulations ref 39 FRI78 32921 /12/75 and

waste management program plans per WASH 1539 Some other

transuranic wastes also may have sufficient penetrating radiation to

require biological shielding but cladding wastes are considered as

separate category because of their unique form and handling require
ments

a-Beta-Gamrna Wastes Consolidated non-product efflueiits

other than high level and cladding wastes which contain long-lived

alpha activities greater than 10 pCi/kg and have penetrating radiation

levels sufficient to require biological shielding and remote handling
are considered as separate category of wastes assumed all to be

from fuel reprocessing plant operation

-Onlyjyes Non-product materials that contain Pu or

other long-lived alpha emitters at concentrations greater than
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10 pCi/kg but have external radiation levels low enough that they can

be handled without supplementary shielding are categorized as

alpha wastes Such wastes are primarily from Pu conversion and MO2
fuel fabrication operations and include wide assortment of con
taminated solid materials as well as process effluents

Beta-Gamma Wastes These are cons olidated alpha-free wastes

requiring minimal shielding such as arise from operation of any

facility handling radioactive materials

Other Radioactive Wastes Because of their unique packaging and

disposal requirements certain other radioactive constituents removed

from nuclear plant effluent streams are separately categorized

These wastes materials include

Tritium Neutron reactions with light elements present in

LWR primary cooling systems produce H3 tritium which is

soft beta emitter of -l2 year half-life This isotope also is

produced in the fuel by fission and is evolved in subsequent

reprocessing operations Current practice is to control

tritium levels in reactor circulating loops and reprocessing

plant process water systems by side stream bleed-off and

release as tritiated water in liquid or vapor form Based

on expected requirements for reducing offsite releases to

levels which are as low as practicable it may be necessary

in future plants to collect these wastes for offsite transfer

rather than discharging them directly to the environs

Noble Gases Stable and shor-lived isotopes of krypton and

xenon are among the fission products formed during fuel

irradiation Some is released to reactor offgas systems
from fuel cladding defects but very high percentage

99% is evolved during reprocessing plant head end

operations at which point Kr-85 soft beta emitter of

10 year half-life is the isotope of principal concern

Systems for hold up of reactor offgas for decay of short-

lived species have been developed but Kr-85 is released as

it evolves in current reprocessing plant designs It is ex
pected that removal from offgas streams and offsite transfer

as specific waste type may be required for future plants

Iodine Because of its complex physical and chemical pro
perties fission product iodine requires specific waste

management attention During reactor operation and fuel

reprocessing the 1-131 isotope is radiation source of

particular concern but it decays away fairly rapidly
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day half-life so that it is the longer-lived l0 yr
1-129 isotope that is of waste management consequence

Most of the iodine is evolved during reprocessing and

collected by treatment of the process offgases

FUNCTIONAL REQUIREMENTS Projected offsite transfer and

subsequent management requirements for the major types of wastes

having significant impact are as follows

High Level Wastes It appears certain that present policies and

regulations regarding high level wastes from reprocessing operations

will be changed but that transfer to Federal custody for ultimate

disposal will continue to be required For this study it is assumed

that interim measures to permit industry to proceed while an ultimate

disposal method is being selected and implemented will include

establishment of central RSSF of limited capacity for retention

of packaged high level wastes from early dispersed plant repro

cessing operations specification of acceptable intermediate waste

forms for RSSF storage and provision of facilities at the RSSF site

for conversion of such wastes to the form selected for final disposal

and qualification of future plant facilities for protected storage of

packaged wastes awaiting offsite transfer as being equivalent to the

Federal RSSF provisions if certain siting waste form and packaging

requirements expected to evolve in the course of current policy and

program development efforts are met Although there will be incen

tives for reconcentration of high level wastes after interim storage to

minimize the volumes requiring permanent disposal it is assumed

that such further treatment will be precluded by requirements for

earlier conversion to low dispersibility form

Transuranic Wastes It is very likely that proposed regulations

and program plans requiring consolidation packaging and transfer to

Federal custody of all wastes containing or contaminated with long-

lived alpha emitters will be applied to plants built and operated in the

time period of interest It is assumed that the suggested limit of

10 uCi/kg will not be relaxed significantly and that authorized

facilities will be established for receipt and storage of the very exten

sive quantities and forms of such wastes resulting from application

of such low limit

Alpha-Free Wastes It is assumed that there will be some

nuclear wastes which can be determined with requisite assurance to

contain less than 10 xCi/kg alpha activity It is expected that such

wastes will have to be collected and packaged for shipment to appro

priate disposal facilities For certain of the special waste categories

requiring protected storage because of their potentially dispersible
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form noble gases tritium iodine it is assumed that Federal

facilities will be provided Other forms of alpha-free wastes

from reactor operations are assumed to be disposable in authorized

surface burial grounds

Reference Concepts

GENERAL RELATIONSHIPS The quantities of radioactive waste

materials per unit of production for the reference nuclear facility

concepts used in this study are summarized in Table 4-34 Wastes

associated with U02 only fuel supply mining milling conversion

enrichment etc are not included on the basis that such fuel will be

obtained from the same offsite sources for all the case considered

and that long term waste management requirements are much less

demanding than for the fuel irradiation reprocessing and refabrication

functions Significant considerations for each of the waste categories

are as follows

HighLeve1 Wastes In the reference flowsheet individual

waste streams from the various reprocessing plant unit operations

are combined and reduced to solid form by concentration and calcina

tion The treated waste material contains an inert diluent selected

to be compatible with subsequent treatment processes glassifi

cation Radioactive material content would be based on specific

heat generation limits typically kW/ft3 initial level and thus would

vary with fuel exposure decay time etc For expected conditons
each metric ton of LWR fuel processed would result in to ft of

dry waste mix containing kgU 10 gm Pu kg other actinides

30 kg of fission products and from 80 to 140 kg of non-radioactive

process chemicals inert diluent etc Conversion of this waste mix

to form having acceptably low dispersibility such as high melting

point glass pellets by reference processes would increase the weight

but would not have much effect on volume because of the reduced

voids in the glassified product Thus for standard waste container

design the number of packages per ton reprocessed would be about

the same for offsite transfer as dry calcine or in glassified form

As noted preously acceptance criteria for transfer of high

level waste to Federal custody are still being developed Latest

information on the status of these developments was provided to

industry on 12/5-6/74 at meeting sponsored by the AECts Division

of Waste Management and Transportation The information provided

was based on transfer to Sealed Storage Cask Concept SSCC reposi

tory w1ch is one of the alternatives being considered for the Federal

RSSF No new or useful guidance on waste form criteria was

pre sented However fairly specific container design requirements
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Table 4-34 Unit Radioactive Waste Generation Rates Equilibrixm LWR Fuel Cycle

REACTOR FUEL MO2
FUEL FAB

OPERATION REPROCCESSING
PE

PER 1000 MWe-YR PER MTU

CATEGORY PACKAGED FORM CU.FT NO PKGS CU.FT NO PKGS CUFT NO.PKGS

HIGH LEVEL WASTES SOLIDIFIED MIX 1/10

CLADDING WASTES ROLLFLATTENED /IO

ALPHA-BRA-GAMMA WASTES CONSOLIDATED tO 1/3

ALPHA-ONLY WASTES COMPACTED 2/3 200 27

BETA-GAMMA WASTES UNCOMPACTED 3800 77 25 1/2

OThER WASTES

TRITIUM INITIATED WATER 460 1/9 1/35

KRYPTON SORBED 1/40

iODINE STABLE COMPOUND 1/300 I/ISO



and constraints were suggested Although derived for particular

RSSF concept bases for the dimensional requirements suggested

appear to be generally applicable to the handling and transfer opera
tions necessary for receipt and storage at any longer term repository

Indicated limits are ft in maximum lateral dimension and 15 ft

overall length including fittings cylindrical steel canister meet

ing these limits with nominal allowances for wall thickness and free
board could hold as much as 40 ft3 of high level waste mix This is

much greater than considered in most previously published studies
22

which generally have been based on more restrictive canister

size limits like had been applied to the earlier Lyons salt mine reposi

tory studies For the purposes of the present task it is projected

that all factors considered heat density and specific activity constraints

as well as handling requirements will permit use of canister capable

of holding the solidified high level waste from reprocessing 10 MTU of

LWR fuel on the average

For spent fuel disposal without reprocessing it is likely that

some form of compaction would be employed to minimize lorg term

management costs For example fuel bundles could be stored for

decay of heat generation rate then disassembled and the separated

fuel rods closely packed in canisters similar to those required for

reprocessing plant wastes On consistent bases each such canister

might hold about MTU of LWR fuel The scrap bundle hardware
would be packaged separately for disposal as shown in the reference

reprocessing plant flowsheet

CladdiWaste For future LWR fuel designs it appears that

there will be somewhat less than 300 kg of Zr alloy cladding per
metric ton of in the core material The reference reprocessing

plants include bundle disassembly step prior to the chop/leach

operation for separation of bundle hardware end fittings spacers
etc from the fuel rods themselves which would permit disposal of

this activated metalic scrap as alpha-free waste With the reference

dissolution proØess it is expected that the leached cladding segments
from MTU of LWR fuel will contain 500 gms gms Pu and

10 gms of fission products as the principal items of long term
waste management concern Volume is on the order of 10 ft3/MTU as

discharged from the leacher 80% voids but reduction to to of

theoretical density should be obtainable with the compaction step

provided

As for high level wastes acceptance criteria for transfer of

cladding wastes to Federal custody are still being developed At the

industry briefing referenced previously general specifications and

requirements for interim retrievable storage of high-gamma trans
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uranic wastes such as cladding hulls were indicated to be equivalent

to those being considered for high level wastes With the lower heat

density and specific activity maximum practical container capacities

are expected to be used For compaction to theoretical density

container size probably would be limited by the maximum billet

diameter that could be produced in suitable press 10 inches
full length canister of such diameter would contain the cladding

from -3 MTU of LWR fuel By roll flattening the hulls to

theoretical densityr canister size near the limit indicated for the

Federal repository ft by 15 ft overall length might be used

which could contain the cladding from as much as 12 MTU of LWR
fuel For this study cladding waste canister capacity equivalent

to 10 MTIJ of fuel reprocessed is projected

Other Alpha-Beta-Gamma Wastes There are some other

reprocessing plant alpha-beta-gamma wastes which may require

separate consolidation and packaging because of incompatibility with

high level waste treatment and cladding waste handling provisions

Failed process equipment which cannot be completely decontaminated

probably will be in this category It is expected that such wastes

would be remotely drummed for transfer and storage in canisters

similar to those used for the cladding wastes At projected volume

of -10 ft3/MTU after consolidation there would be one such

canister for each MTU of LWR fuel reprocessed

Alpha-Only Wastes MO2 fuel fabrication operations are

expected to generate wide assortment of plutonium contaminated

waste materials requiring transfer to federal custody These range

from liquid effluent treatment residues to failed process equipment

and include considerable quantities of combustible materials which

have alpha activity greater than 10 iCi/kg but insignificant levels of

penetrating radiation Quantities will be affected by process and

operating details to be defined in the future but it appears that on the

order of 2000 ft3 of such wastes will be generated per metric ton of

MO2 fuel rods fabricated Incineration and compaction have been used

for alpha waste consolidation and advanced processes also are receiv

ing development attention For this study it is projected that the

volume requiring transfer to Federal custody will be reduced to about

200 ft3/MTMO2 Alpha-only wastes from reprocessing plant

operations are expected to total 10 ft3/MTU uncompacted and

ft3/MTU as transferred

As currently considered specifications and requirements for

low-gamma transuranic wastes to be transferred to Federal custody

are directed mainly at assuring resistance to handling forces and pro
tection against degradation during retrievable storage for up to 20

years in warehouse type structure Appropriately lined and sealed
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containers 55 gallon drums per DOT Spec 17C metal packages
per DOT Spec 6M or ft3 wooden boxes per DOT Spec l9A
are indicated to be acceptable Fissile material content limits also

are proposed for each such package which do not appear likely to be
exceeded with the consolidation factors noted For this study it is

assumed that the ype l7C container will be used for all alpha.only
wastes ft each

Consolidated beta-gamma wastes
not requiring transfer to Federal custody under currently proposed
policies and regulations are expected to have to be packaged for

removal offsite at the time of plant decommissioning if not before
rather than the past practices of direct burial holdup in liquid form
for later release to the environs etc Bases for quantifying fuch
wastes are rather sketchy but typical rates would be 5000 ft /yr for

an LWR of the reference capacity 1300 MWe and 150 ft3/MTTJ from
reference reprocessing plant As noted previously it is expected
that virtually all processrelated wastes from MO2 fuel fabrication

operations will be considered as alphacontaminated

Volume reduction prior to loadout and special container designs
to minimize disposal charges probably would be economically justified
but for the present task disposal in various size containers without

significant compaction is assumed average of 50 cu ft /container

taken as representative

Generation

rates projected for other nuclear facility wastes requiring special

handling are as follows

Tritium If H-3 from reactor operations is to be held for

decay rather than released volume will depend on the concen
tration permitted in and bled off from the reactor systems
It is assumed that future LWRs will use Zr alloy cladding so
that migration of fission H-3 into the cooling system will be

minimal For an average generation rate from neutron

reactions with light elements in LWR cooling systems on the

order of 10 pCi/MWhe and an equilibrium concentration of

20 000 pCi/gal about 16 gallons would have to be bled off

each operating day for 1300 MWe LWR Large tank storage
as tritiated waterS would appear to present the risk of major
release incident in event of tank failure greater hazard to

the public than continuous release as water vapor for example
However it is assumed for the present study that suitably

protected containers can be provided for transfer of collected

bleed off to an appropriate disposal site in four shipments

per year
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For removal of fission H-3 from spent LWR fuel at

the head end of the reprocessing plant before dilution with

normal hydrogen as the result of aqueous processing fixa

tion densities on the order of 500 Ci/liter are potentially

achievable For projected average content in LWR fuel

core material at reprocessing of 600 Ci/MTU single

large container ft by ft overall length could

contain the tritium evolved from over 450 MTU of LWR fuel

However practical considerations in developing systems for

continuous removal and periodic loadout and for balancing

fixation density against stability and cost.probably will

result in lower concentrations 200 Ci/liter and

smaller package sizes For the present study single con
tainers are projected to accommodate the tritium evolved

from 35 MTU of LWR fuel ft3 for onsite protected

storage and ultimate transfer to designated disposal sites

Kr-85 Actual quantities of other than short-lived noble

gases escaping from leaking fuel during reactor operation are

very small Hold up systems now in general use for larger

LWRs provide decay time for short-lived constituents which

are then released at activity rates in the 10 to 20 pCi/sec

range Systems being developed for collection of noble

gases instead of hold up and release would permit separation

of Kr from the other constituents The quantity of Kr

collected from reactor offgases with such systems depends on

the extent of fuel leakage permitted without requiring reactor

shutdown the Kr leakage has been projected to be 2% of

that formed in the LWR fuel during irradiation or about 500

to 1000 Ci/year

For the noble gases evolved during reprocessing high

percentage of the radioactive Kr-85 in the spent fuel on the

order of l0 Ci/MTU can be removed by treatment of leacher

offgases as included in the reference plant flowsheet About

scf of Kr gas would be collected per MTIJ of LWR fuel re
processed Standard gas cylinders at high pressure could be

used for maximum storage density but the potential for signi

ficant release in event of failure may require that pressure be

limited to well below design g600 psig in vessel rated

for 2200 psig service or that the gas be loaded on an adsorber

in container to reduce mobility For the present study the

latter
aproach

is assumed to be taken Large cylinders

25 ft filled with charcoal would contain l20 scf of Kr

gas which would be that evolved from 40 MTU or so of LWR
fuel reprocessed and more than that collected during the
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operating life of 1300 MWe LWR

Iodine The quantities of fission product iodine formed in an
LWR during irradiation are relatively small being less than
250 gms/MTTJ for maximum exposure fuel Processes
capable of removing 99 9% of that contained in the spent fuel
and retaining it in stable compound form are expected to be
available for application to future reprocessing plants For
the reference plant concept this waste material would be
collected in removable units of convenient size which would
serve as the primary container for onsite storage and trans
fer to designated disposal sites Densities up to 75 kg of iodine

per cubic foot of container volume appear to be attainable
On this basis it is projected that single container of modest
size would accommodate the iodine wastes from 150 MTU of

LWR fuel reprocessed

LWR CASES Based on the equilibrium fuel cycle data

summarized in Table 4-10 quantities of radioactive wastes produced
annually for selected Pu recycle cases are as follows

MWe Installed 5200 17300 26000 86500

MTU/yr Reprocessed 146 484 728 2422

MTMO2/yr Fabricated 50 166 248 828

Wastes cu.ft lb cu.ft lb cu.ft lb cu.ft lb

High Level 440 15 1450 49 2180 73 7270 243

Cladding 500 15 1650 49 2500 73 8300 243
Alpha-Beta-Gamma 1460 49 4840 161 7280 242 24220 808
Alpha-only 10730 1430 35700 4750 53240 7110 177700 23700
Beta-Gamma 23650 473 78600 1570 118200 2360 392500 7850
Tritium 2410 20 8020 67 12080 100 40270 333

Krypton 440 1450 12 2180 19 730 61
Iodine 1/2 lto2 2to3 16

Annual quantities of radioactive wastes for the open cycle and excess Pu
recovery cases can be similarly derived from the unit generation rates
in Table 4-34 If disposal of spent fuel without recovery and recycle
were to be considered there annually would be about 600 cu ft of this

special type of high level waste in about 20 packages plus about 200 cu.ft
of beta-gamma waste in about packages for each 1300 MWe of installed
LWR capacity Although all these projections are inexact because of the

many assumptions necessary it is apparent that management of the

various alpha-free wastes from reactor and reprocessing plant operation
and the alpha-only wastes from MO2 fuel fabrication are of major
logistic significance

4208

di



OTHER THAN LWR CASES Based on current reactor design

concepts and the flowsheets being developed for supporting fuel re
proces sing and recovered product recycle facilities the annual waste

outputs per 1000 MWe of HTGR and LMFBR installed capacity are

projected to be roughly as follows

HTGR LMFBR
Wastes cu ft cu ft

High Level 50 1.7 60

Cladding 170

Alpha-Beta-Gamma 300 10 1200 40

Alpha 2000 270 3000 40

Beta-Gamma 8000 160 4500 90

Other 100 100

4.7.4 Costs and Schedules

GENERAL RELATIONSHIPS As noted previously information

oi which to base projections of future charges for offsite waste

management services is not at all firm The best that can be done

is to characterize expected costs for the handling and disposal methods

deemed most likely to apply in the time period of interest and to pro
ject charges on the basis of representative cost allocation procedures

as summarized below

Principal activities for which costs are pro
jected under this task include acceptance of packaged high level wastes

from source reprocessing plants retention in Retrievable Surface

Storage Facility for on the order of 20 years further treatment and/or

repackaging for final disposal transfer to the final disposal site and

final disposal

The costs for consolidation and conversion to forms meeting

acceptance criteria for transfer to Federal custody including those for

primary non-reusable waste containers are covered under reprocess

ing The costs for shipnient of the packaged wastes from source re
processing plants to the point of Federal acceptance including those

for shielded shipping casks are covered under transportationsection4

For the present study it is assumed that ERDA will charge

one time fee sized to include allowances for longer term waste

management activities which may not be fully defined at the time of

waste acceptance as well as to offset immediate waste receipt and

retrievable storage costs which should be fairly well established
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With this approach the portion of the fee in excess of near term
costs would be paid into an endowment fund the income from which

would be used to cover future costs for retrieval further treatment

if required and final disposal by whatever method is ultimately

selected Title to the waste would pass to ERDA at the time of

delivery or on payment of the fee

Most recent studies in support of the AEC/ERDA waste manage
ment program projected one-time fee of somewhat over $31 000/

canister to cover retrievable storage in an RSSF of the sealed storage
cask concept for ZO-plus years and ultimate transfer to final

disposal site

The total costs on which this projection is based were calculated

to have present value in excess of $1 billion Over 90% of the total

is for near term facilities and operations of which major element

is the cost of the massive steel and concrete overpack units required
for each waste canister stored probably on the order of $10 000 for

materials and fabrication in large lots RSSF operating costs for

cask receiving and unloading canister inspection and placement in

its overpack not including allowance for corrective action in the

event that acceptance specifications in regard to surface contamina

tion etc are not met and surveillance during storage are expected

to be in the to million/year range depending on facility

capacity and waste receiving rate

For the canister capacity assumed in the ERDA study ft

the portion of the operating costs assignable to an individual canister

for receiving and ZO-plus years storage would be about $4000 again

depending on facility capacity and utilization schedule The amount of

the fee indicated to be for subsequent waste retrieval shipment

including necessary transport equipment and final disposal appears
to be optimistic in view of current uncertainties in regard to what will

be considered acceptable to all interested parties

For the large container capacity assumed in the present task and

including general allowance for rework or other such additional

requirement it is projected that charges to reprocessors in the time

period of interest for offsite services and functions related to high

level waste management will total $50 000 per canister in current

dollars which is equivalent to $5000/MTTJ of LWR fuel reprocessed or

an annual cost of about $200 000 for 1300 MWe LWR in equilibrium

operation

In regard to schedule high level waste from operation of given

reactor would begin to be transferred to Federal custody about 12 years
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after startup assuming availability of reprocessing capability as soon

as initially discharged fuel had decayed sufficiently For the refer

ence energy park cases charges for offsite waste management would

begin 10 years after reprocessing plant startup Section 5.4 and

continue at uniform annual rate thereafter

If disposal of spent fuel unreprocessed is considered one-time

charge of about $46 000/canister or $23 000/MTTJ of LWR fuel appears

to be consistent with the fee cited above for reprocessing plant high

level waste disposal Annual costs then would be about $800 000 for

1300 MWe LWR in equilibrium operation

Cladding Wastes Compacted and packaged fuel cladding wastes

will require transfer retrievable storage and final disposal much the

same as for high level wastes Shielding and cooling requirements

are less so that storage facility costs could be lower However

based on most recent information from ERDA radiation levels for

such wastes would exceed the limits being considered for general

alpha-beta-gamma waste storage facilities and thus RSSF storage

would be required For the present task it is projected that one

time charge of $30 000/container will adequately cover offsite waste

management costs for cladding wastes Based on assumed container

capacity this is equivalent to $3000/MTU of LWR fuel reprocessed or

an annual cost of $110 000 for 1300 MWe LWR in equilibrium opera
tion Transfer to Federal custody would begin about years after re
processing plant startup and continue at uniform annual rate there

after

Other Transuranic Wastes Emitting Penetrating Radiation Offsite

waste management charges for packaged alpha-beta-gamma wastes

which can be stored in warehouse type facilities are expected to be

relatively low on per-container or per-volume bases Most recent

information indicates that the one-time acceptance fee would include

retrievable storage component of $3 50/cu ft of storage space

occupied and perpetual core component of $21/cu ft as for alpha-

only waste plus $200/package surcharge for shielded handling It

is assumed that these are adequately representative for the present

task For the generation rates and container capacities set forth

in 4.7.3 charge of $1200/container is projected which is equiva

lent to $400/MTU of LWR fuel processed or an annual cost of about

$15 000 for 1300 MWe LWR in equilibrium operation Again trans

fer to Federal custody would begin about years after reprocessing

plant startup and is assumed to continue at uniform rate thereafter

Alpha-Free Low Level Wastes Disposal costs for packaged low

level wastes not contaminated with long-lived alpha emitters will vary
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among the many forms included in this general category and will be
affected by future trends in regulatory constraints and business con
siderations related to commercial surface burial facility operations
At the present time charges range from $20 to 30/cu ft for con
tainerized miscellaneous materials protective paper wipe rags
scrapped equipment etc to factors lower for bulk materials such
as loaded filter/ion exchange media etc For this study $25/cu ft

is taken as generally representative cost to source facilities in the
future On this basis disposal costs for all such wastes not includ
ing txansportation would be about $150 000/yr of 1300 MWe LWR
equilibrium operation

Other Waste Catgories It is expected that special provisions
will have to be made for protected retention of packaged radioactive
constituents collected from nuclear plant effluent treatment such as
Kr-85 and tritium Firm bases for projecting the cost of such

storage are not available but if one-time charge of $1000/container is

assumed to be reasonably consistent with the disposal costs used in

the present study for other types of wastes the contribution to overall

generation costs is not very significant .$10 000/yr/1300 MWe LWR
SPECIFIC COST PROJECTIONS Offsite waste management costs

associated with the various study cases are summarized in Table 4-35
Those for the comparative dispersed site case are derived directly
from the general cost relationships given in For the energy
park cases costs associated with retrievable storage while awaiting
implementation of Federal final disposal provisions were adjusted to

reflect the assumption that onsite park waste storage facilities will be
considered acceptable for this function The major cost impact from
this assumption is in reduced shipping charges as discussed in

Section

If disposal of fuel unreprocessed is considered for the small

energy park case annual offsite waste management charges are pro
jected to total about $4 500 000 not including transportation of which
almost 90% would be in one-time fees for packaged fuel rod disposal

Conclusions and Recommendations

Projected trends in regulatory requirements will result in costs
for long term management of radioactive waste materials formed
during irradiation of nuclear fuel in power reactors which are sub
stantially higher than have been projected on the basis of regulations
as presently published For the segregation retention and disposal
requirements assumed for this study charges for offsite waste manage
ment services would be on the order of $600 per MWe-year of net
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Table 4-35 Waste Management nnual Charges for LWR Study Cases

JAN 1975 DOLLARS IN THOUSANDS PER YEAR OF EQUILIBRIUM OPERATION

WASTE
5200 MWe 17300 MWe 26000 MWe 86500 MWe

HIGH LEVEL 750 2450 3650 12150

CLADDING 450 1470 2190 7300

ALPHA-BETA-GAMMA 60 195 290 970

ALPHAONLY 430 1425 2140 6750

BETA-GAMMA 590 1960 2950 9800

OTHER 20 80 120 410

TOTALS 2300 7580 II 34O 37380



output There are significant uncertainties in the cost projections
because of the range of potential requirements still receiving active

consideration For example more restrictive limits on high level

waste container capacity could triple retention and disposal costs

resulting in overall waste management charges of over $l000/MWe-yr
However upper limit costs are still small fraction of overall power
generation costs so that these uncertainties do not have significant

impact on the evaluation of energy park feasibility and viability

In regard to high level wastes from fuel reprocessing full re
covery of costs associated with proposed requirements for construc
tion and operation of Retrievable Surface Storage Facility is the

major contributor to the higher management costs now projected For
example $2O0 to $3000/MTIJ of LWR fuel reprocessed was indicated

in WASH-1099 for direct transfer of calcined waste to salt mine

repository whereas $15 000/MTIJ is projected in WASH-l327 12
for

interim storage and final disposal Even with the larger canister

volume assumed in the present study to be practical for the RSSF
concept on which current ERDA estimates are based that portion of

the one-time disposal fee covering interim retention is equivalent to

more than $4000/MTrJ not including waste fixation packaging and

transport from the reprocessing plant to the RSSF Reprocessing
plants will need storage facilities of comparable integrity for to 10

years retention of wastes awaiting transfer to the RSSF Provision

of enough more capacity to store these wastes until final disposal
means are available approximately 30 years for the schedule assump
tions on which present RSSF program plans are based appears
feasible Additional plant investment would be required but

incremental costs could be less than for design and construction of

single large facility Also the cost and risk exposure of the addi
tional handling and shipping operations would be avoided

Application of the proposed policy on commercial transuranium
contaminated wastes will increase offsite retention and disposal costs

by an order of magnitude relative to direct burial Waste segrega
tion treatment and compaction provisions to minimize management
costs may be developed but charges for all such wastes are expected
to total more than twice those for the high level wastes

If most process effluents must be considered potentially contami
nated with plutonium there will be smaller quantities of alpha-free
wastes from reprocessing and refabrication operations However
alpha-free wastes from reactor cooling system cleanup and contami
nation control activities will continue to contribute significantly to

overall waste management costs
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Use of integrated waste conversion packaging and onsite storage

systems for colocated facilities will permit some reductions in

management costs but not enough to affect these study conclusions
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4.8 NUCLEAR FUEL AND WASTE TRANSPORTATION

Introduction

4.8 TASK OBIECTIVES Operation of power reactor stations

and their necessary support facilities involves materials transport

activities which can affect fuel cycle logistics and economics
because of unique requirements in regard to shipping containers

transport vehicles carrier operations and procedural controls

For LWR station operation these activities can be listed by point

of origin as follows

From Enrichment Plants Enriched UF to UO2 fuel

fabrication pants

From UO Fuel Fabrication Fabricated UO fuel assemblies

P1ants to reactor stations

Fabricated U02 fuel rods and

bulk UO2 powder to MO2 fuel

fabrication plants

Packaged low level wastes to

commercial or Federal disposal

facilities

From Reactor Stations Irradiated fuel to reprocessing

plants or to unreprocessed fuel

storage facilities

Packaged radioactive alpha-free
wastes to commercial or Federal

disposal facilities

From Reprocessing Plants Recovered Pu to MO2 fuel fab
rication plants

Recovered uranium as UF6 to

fuel fabrication plants and/or to

enrichment plants

Packaged high level wastes to

Federal retrievable surface

storage facility RSSF and ulti

mately from the RSSF to final

disposal point
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Packaged transuranic wastes to

Federal disposal facilities

Packaged alpha-free wastes to

commercial or Federal disposal
facilities

From MO2 Fuel Fabrication Fabricated MO2 fuel assemblies

Plants to reactor stations

Packaged transuranic wastes to

Federal disposal facilities

The primary purpose of this task is to provide such data on these

transport activities as may be of significance to the evaluation of

energy park feasibility and viability

AVAILABLE RESOURCES Quantities and forms of fuel

supply materials requiring transport have been calculated for the

reference study cases Table 4-11 Volumes and numbers of

packages of waste materials requiring transport also have been

projected on the basis of study assumptions in Section

Waste Management

In regard to shipping costs data are available on which to

base estimates for UF and unirradiated U02 fuel assembly transport

There has been some 4hipment of irradiated fuel on commercial
basis but experience is largely limited to single-element truck casks
whereas large volume transport will require use of multi-element

casks near the maximum capacity permitted Aside from classified

movements of weapons grade material Pu shipments in bulk or as

fabricated components have been in limited quantities and under

conditions that would not be practical or acceptable for large volume

commercial transport There has been considerable experience in

shipment of low level wastes particularly those from LWR operations

but none for high level or transuranic wastes as defined in current

and proposed regulations In these latter areas published and

internal study results were utilized to develop representative costs

for transport equipment and operations as input to the evaluation

of alternative study cases

4.8 KEY ISSUES Points of particular significance to the present

task are indicated to include
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Safeguard and Physical Protection Requirements Vulnera

bility of nuclear materials to loss of control during transport is of

general concern Because of its strategic significance potential

for diversion or dispersion of Pu is receiving particular regulatory

and public attention wide range of potential provisions for

protecting against such events are under consideration all of which

would affect facility requirements and costs for transport of bulk

Pu and possibly fabricated Pubearing components as well

Future requirements for protection of other shipped materials such

as spent fuel and radioactive wastes against accidental or deliberate

dispersion also are not fully defined and may affect transport facility

requirements and costs The scope of radioactive and fissionable

material shipments between sites varies among the alternative study

cases Therefore the safeguards and physical protection require
ments projected to apply in the time period of interest may affect

overall study conclusions

Quantities and Characteristics of Wastes Requiring Transport
There is wide range of possibilities under consideration in regard

to waste segregation shipping form and packaging requirements as

well as to disposal facility location limits on container size and

contained activity etc One or two moreiterations in the develop
ment of policies and programs which are acceptable to the public

and the industry will be necessary before firm bases are available

from which to project waste transport requirements and associated

costs

Actual Location of Key Facilities To evaluate the impact

of special material transport requirements on energy park viability

it is necessary to consider the distances over which shipments must

be made Specific sites for all of the various points of origin and

destinations have not been established From the general information

available it is apparent that transport distances can vary substantially

among the possible locations Thus there will be significant uncertain

ties as to the scope and cost of special materials transport equipment

and operations which may affect study conclusions regarding the

relative merits of alternative study cases Location of Federal

facilities for acceptance of commercial wastes is of particular

importance because all sites indicated to be under consideration

are remote from expected nuclear power generation centers

Development of waste management programs to the point of site

selection for such facilities is required for firm projections to be

made
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Carrier Rates In anticipation of growing volume of nuclear

material shipments carriers have expressed concern as to the

adequacy of present container integrity criteria control and

inspection procedures emergency response plans etc It is

likely that acceptable safety assurance provisions ultimately will

be developed but what they will be cannot be predicted with certainty

at this time The potential effect is illustrated by the fact that

application of special handling requirements now being advocated

would roughly double the cost of spent fuel shipping relative to

common carrier rates

Bases and Assumptions

GENERAL Projections of transportation activities and

costs are based on material preparation and loadout including

any non-reusable containers that may be required being covered

under source facility operation

MATERIALS REQUIRING TRANSPORT The quantities and

number of packages to be transported under the various study cases

are summarized later in Sections through

4.8 2.3 TRANSPORT ASSUMPTIONS

Feed and Recycle UF In regard to transport of low

enrichment or depleted UF6 it is assumed that

Present practice will be followed in the use of standard

cylinders in DOT Dept of Transportation

approved packages without special handling or safe

guards procedural requirements

10 MTU/shipment by truck at gross weight of

37 000 lbs loaded and 12 700 lbs empty will be

feasible Most shipments to date have been made

by individual packages containing about MTU
8000 lbs loaded and 3140 lbs empty with packages

per truck load Larger sized units have been developed

and are expected to be the industry standard in the

time period of interest However truck load limits

are not apt to be increased significantly

Current ton-mile rates and turn around times generally

will apply
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U02 Fuel Assemblies For shipment of unirradiated UO
only fuel bundle assemblies it is assumed that

Present practice of shipment as completed units in

protective packaging without special handling or

safeguards requirements will be followed Figure 4-54

Truck transport will be used at about 10 MTU/ship
ment projected from present practice

Current rates for such transport will apply

Powder For shipping fuel grade U02 powder of low

enrichment it is assumed that present industry practice will

continue without significant modification

Irradiated Fuel Assemblies For transport of fuel dis

charged from LWR plants it is assumed that

Multi-element casks designed to current NRC/DOT
requirements for shielding cooling resistance to

impact and fire conditions etc will be representative

Large rail casks capacity of MTU LWR fuel

at gross weight of 110 tons will be in general use

Figure 4-55 Intermodal truck/rail or truck casks

of lower payload to gross weight ratio will have to be

used to serve older reactor sites not having direct

rail access or provisions for handling maximum weight

casks However all future power reactors are

expected to have necessary access and handling

provisions

Special train service will be required for loaded cask

movement but not for return of empty casks

Bulk Pu Product For all the study cases it is assumed that

colocation of spent fuel reprocessing and recycle fuel fabrication

plants will be required so that there will be no bulk shipments of

recovered Pu in separated or readily separable form

Fuel Assemblies In regard to unirradiated fuel

assemblies containing Pu it is assumed that shipment of completed
units from MO2 fuel fabrication plants to LWR stations at separated
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Fi54 tfnirradiated hO2 Fuel Shipping Container
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sites will be permitted but that concerns about diversion and dis
persion will result in limits on quantities per shipment special

packaging requirements special transport vehicle designs con
trolled movement under armed guard etc Projections of associated

costs for the various study cases are to include general allowances

for such constraints

High Level Wastes HLW For transport of packaged

reprocessing plant high level wastes it is assumed that

Use will be made of cask/rail car units meeting spent
fuel cask performance criteria but design specifically

for HLW transport in regard to cavity size etc

Casks capable of containing high level wastes from

reprocessing 30 MTU of LWR fuel will be feasible

Special train service will be required for loaded cask

movement but not for empty return

Where wastes are transferrred to Federal custody at

an interim storage site RSSF costs for subsequent

shipment to the final disposal point will be included

in the one-time fee charged when custody and title

is transferred

Transuranic Wastes For transport of wastes containing or

contaminated with long-lived alpha emitters it is assumed that

Primary containers will be shipped in reusable outer

packages similar to spent fuel casks in regard to

accident resistance but with significant shielding

required only for those wastes from reprocessing

operations which may also contain appreciable amounts
of fission products or activated materials cladding

hulls

Multiple container shipping packages of maximum
practical capacity will be used volumes per

shipment of up to 100 ft3 for cladding wastes by rail
120 ft3 of other alpha-beta-gamma wastes truck and

500 to 1000 ft3 of alpha-only wastes truck or rail
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If second transfer is required after delivery to

Federal storage facility is required costs therefore

will be included in the one-time disposal fee

Alpha-Free Wastes For transport of beta-gamma wastes

from reactor fuel fabrication and reprocessing operations it is

assumed that

Present packaging and shipping procedures will

continue to apply

Shipments will be made in near-maximum practical

quantities e.g up to 150 ft3 each for wastes requiring

significant biological shielding scrapped reactor

internals fuel bundle hardware etc and/or confine

ment recovered Kr-85 and up to 500 ft3 each for

lower level wastes

Reference Concepts

Special material transport requirements per year of

1000 MWe LWR power station operation based on representative

conditions for recycling self-generated Pu as derived in this study

are summarized in Table 4-36 In regard to distances over which

shipments must be made general ranges can be developed but

as noted earlier specific projections are subject to considerable

uncertainty until location of key facilities has been established

For the purposes of this study present locations of UF6 enrichment

and t5O fuel fabrication facilities are taken as representative

From among the alternative sites being considered location of

Federal waste facilities at Richiand Washington appears to be

logical choice although this results in near-maximum transport

distances from representative points of origin On these bases

transport requirements for the reference cases would be as

described below

DISPERSED SITES CASE Because of the low payload to

gross weight ratio for even the largest casks and because of the

special handling requirements likely to be imposed costs per mile

for spent fuel transport are high so that the distance from reactors

to fuel reprocessing facilities has significant impact on fuel cycle

economics On this basis it is expected that future reprocessing

plants and colocated MO2 fabrication facilities will be sited in

regions of relatively high nuclear power generation density even

if not in parks From projected growth patterns it appears that
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Table 4-36 Annual Special Material Transport Requirements
per 1000 MWe LWR Capacity with Pu Recycle

MATERIAL QUANTITY SHIPMENTS

UF6 ENRICHED AND DEPLETED 56 MTU

U02 FUEL 18 MTU

U02 POWDER FOR MO2 FUEL FAB 9.5 Mlii

RECOVERED Pu FOR
MO2

FUEL FAB 0.5 MT Pu tot

MO2
FUEL RODS 10 MT HM to

IRRADIATED FUEL 28 MT HM

WASTE

HIGH LEVEL 84 CU FT

CLADDING 96 CU FT

ALPHA-BETA-GAMMA 280 CU FT to

ALPHAONLY 2020 CU FT to

BETA-GAMMA 4540 CU FT

OTHER 550 CU FT to

WITH COLOCATION OF REPROCESSING AND RECYCLE
NO OFFSITE SHIPMENT NEEDED

MT HM METRIC TONNE 1000 kg HEAVY METAL UPuTh
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an average spent fuel and recycle fuel shipping distance of about

600 miles would be typical for 1500 MTU/yr reprocessing plant

in the time period of interest if allowance is made for the fact that

given plant will offer recovery/recycle services to all potential

cus1omers and that some contracts for reprocessing fuel from more

remote reactors will result For reprocessing/refabrication plants

so located distances of 500 miles for shipment of recovered UF6
to enrichment facilities and 600 miles for shipment of non-Pu feed

materials from the U02 fuel fabricator to the MO2 plant appear to

be representative On consistent bases the shipping distance

from the U02 fuel fabricator to reactors served would average

about 700 miles

In regard to waste transport an average shipping distance

of about 2200 miles is indicated for those requiring transfer to

Federal custody if single retention site were to be established

at Richland Washington For low level wastes not requiring such

transfer an average distance of 200 miles is taken as representative

Based on these distances and the quantities of special nuclear

materials to be shipped as established for the reference cases annual

transportation requirements for dispersed site power generation

equivalent to 1500 MTHM of LWR fuel reprocessed under equilibrium

Pu recycle conditions are as follows

Material Quantity Shipments Shipments Miles

UF6 Enriched 2900 MTU 290 140 000

Depleted

U02 Fuel 1050 MTU 105 74000

U02 Powder 420 MTTJ 42 25000

MO2 Fuel 450 MTHM 100 60000

Irradiated Fuel 1500 MTHM 300 180000

Wastes

High Level 4500 cuft 50 110000

Cladding 5100 cuft 50 110000

Alpha-Beta-Gamma 15000 cuft 75 165000

Alpha-only 107000 cuft 150 330000

Beta-Gamma 240000 cuft 480 96000

Other to 30000 cu ft 150 330000

Federal custody
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5200 MWE ENERGY PARK CASE For an energy park
provided with facilities for reprocessing all of the fuel discharged
from onsite reactors and utilizing all of the recovered Pu in fabri
cation of MO2 fuel for onsite use discharged and recycle fuel

handling requirements are independent of facility location More
definitive siting criteria are expected to evolve particularly for

multiple unit installations but they are not likely to greatly restrict

the location of mini-parks such as the 5200 MWe reference case
On this basis location in region of significant energy demand is

projected as for the dispersed siting case with the same distances
from enrichment UO2 fuel fabricator and waste acceptance facilities

taken as representative for the present task Annual transportation
requirements including allowance for some fuel not reaching goal

exposure would be as follows

Material Quantities Shipments Shipments Miles

UF6 Enriched 280 MTU 28 14 000

Depleted

UO2 Fuel 102 MTU 10 7000

UO2 Powder 41 MTU 000

MO2 Fuel 44 MTHM

Irradiated Fuel 146 MTHM

Wastes

High Level 440 cu ft 11000

Cladding 500 cuft 11000

Alpha-Beta-Gamma 1460 cu ft 15 000

Alpha-only 10 730 cu ft 15 33 000

Beta-Gamma 24000 cuft 48 10000

Other to Federal 2100 cu ft 15 33 000

Custody

Transfers within the site rather than inter-site transport
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260OOMW19 Criteria for siting

energy parks of this size are likely to be more restrictive than for

dispersed facilities or smaller size parks These may include

requirements for greater separation from major population centers

and presumably main line rail and road systems In the absence

of information from current studies on multi-facility sites

100 mile addition to the small park shipping distances is taken as

representative for this case Annual transportation requirements

then would be as follows

Material Quantities Shipments Shipmentsx Miles

UF6 Enriched 1400 MTU 140 77000

Depleted

U02
Fuel 510 MTU 51 41000

1J02
Powder 203 MTU 20 14 000

MO2 Fuel 218 MTHM

Irradiated Fuel 728 MTHM

Wastes

High Level 2180 cu ft 25 59 000

Cladding 2500 cu ft 25 57 000

AlphaBetaGamma 7280 cuft 36 83000

Alpha-OnlY
53240 cu ft 90 210000

BetaOamma 118 200 cu ft

Other to Federal 14260 cu ft 90 210 000

Custody

Transfer within the site only

Based on authorized disposal facilities being provided in close

proximity to large park installations
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26 000 MWE PuB CASE As discussed in Section

projected nuclear power growth patterns indicate that PuB parks
could be located such that shipping distances for spent fuel from
non-park reactors could be held to under 300 miles in existing
powersheds which typically total about 20 000 MWe For this

reference case however over 60 000 MWe of offsite LWR capacity
would be served so that an average shipping distance for all fuel

reprocessed including that from onsite reactors might be on the
order of 400 miles Average shipping distance from the U07
fabricator to the offsite reactors for this case is taken as 70O miles
Annual transportation req1irements then would be as follows

Mate rial Quantities Shipments Shipments Miles

UF6 Enriched 4650 MTU 465 256 000
Depleted

U02 Fuel 1694 MTU 170 119000

U02 Powder 676 MTU 68 48 000

MO2 Fuel 728 MTHM

Irradiated Fuel 2422 MTHM 346 138 000

Wastes

High Level 7270 cu ft 81 186 000

Cladding 8300 cuft 81 186000

Alpha-Beta-Gamma 24220 cu ft 120 276000

Alpha-only 177700 cuft 300 690000

Beta-Gamma 392 500

Other Wastes to 41000 cu ft 300 690 000
Federal Custody

Transfers within the site only

Based on authorized disposal facilities being provided in close
proximity to large park installations
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4.8.4 Transportation Costs

Based on available information regarding shipping package

designs transit and turnaround times carrier rates and special

handling charges etc typical unit transportation costs under the

conditions assumed for this task were developed as summarized

below Allowances are included for depreciation and for return

of empty shipping containers where applicable Cited costs are

averages for the range of one way shipping distances assumed for

each type of shipment in the reference study cases

Dollars per

Material Bases Shipment Mile

UF6
Standard cylinders in protective

packages DOT 4909 by truck

U02 Fuel Completed units in protective

packaging by truck

U02 Powder Standard drums by truck

MO2 Fuel Completed units in special

packaging by guarded truck

Spent Fuel Multi-element shielded cask 64 all rail

interrnodal or all-rail with to

special train service one-way 48 truck

only
rail

Wastes

High Level Multi-canister shielded cask by 40

rail special train service one

way

Cladding Multi-canister shielded cask by 30

rail

Alpha-Beta- Multi-package lightly shielded 10

Gamma container by truck

Alpha-only Standard drums by rail or truck

Beta-Gamma Standard packages by truck

Other Various packages shielded and

shielded if required by truck
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Using these average costs per shipment-mile the contribution of

special material transportation requirements to the annual
operating costs for selected study cases is as follows

Jan 1975 Dollars in Millions

Dispersed 5200TW 26000 26000 MWe
Siting Case Energy Park Energy Park PuB Park

UF6 35 04 19 64

U02 Fuel 22 0.02 12 36

U02 Powder 0.06 0.01 003 0.11

MO2Fuel 0.30

Spent Fuel 10.00
8.85

Wastes

High Level 4.40 0.44 2.30 7.45

Cladding 3.30 0.33 1.70 5.58

Alpha-Beta- 1.65 0.15 0.83 2.76
Gamma

Alpha-only 1.65 0.17 1.05 3.45

Beta-Gamma 0.05 0.01

Other 0.66 0.07 0.42 138

Total 22.64 1.24 6.64 30.58

Per 1000 MWe
Served 0.42 0.24 026 0.35

Conclusions and Recommendations

There are significant uncertainties in current projections of

special material transportation requirements and costs due to lack
of firm information on future regulatory requirements equipment
and system design features facility operating practices etc
However the general conclusion can be drawn from this study that
associated costs for dispersed facility siting are to times
those for reference energy park cases but that these differences
are not significant relative to overall fuel cycle costs Elimination
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of the need for shipping Pu-bearing fuel between sites would reduce
fissionable material diversion potential and elimination or reduction
of spent fuel shipments would reduce risk exposure from major
transport accidents which may be considered as significant

advantages

In regard to the various transported materials it is apparent
that shipments of spent fuel and of high level and cladding wastes

are the major cost contributors largely because of the need for

relatively expensive shielding caks having low payload to gross
weight ratios There are economic incentives to use casks of

the maximum practical size for such shipments Additional attention

should be given to cask design criteria for resistance to accident

forces etc which will be responsive to carrier and public concerns
so that suitable casks capable of transport at favorable rates can be
available when needed Shipping costs for other transuranic wastes
also will be of significance to reprocessing and MO2 fuel fabrication

plant operators so that development of necessary design criteria is

important here as well

Plant location relative to authorized waste storage and

disposal sites as well as proximity of reactors reprocessing
and refabrication plants etc to one another will affect special
material transportation costs For example location of an
authorized low level waste disposal site at or near nuclear energy
park as assumed for the larger reference cases would appear
appropriate Final site selection for the Federal Retrievable

Surface Storage Facility will affect the relative attractiveness of

alternative energy park locations based on accident risk exposure
as well as transportation cost considerations Further evaluation
should be made of these factors when more definitive information

on waste transportation requirements design-basis accident

forces special transport cask fabrication costs carrier rates
potential environmental impact etc has been developed
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4.9 ENVIRONMENTAL ASPECTS NUCLEAR PARK

VS DISPERSED PLANTS

Primary Factors

Several major aspects of energy parks versus dispersed power

generation and fuel facilities which are common to nuclear and fossil

plants are discussed in other parts of this energy park study

Land Use
Water Availability and Requirements
Air Pollution Control

Thermal Effluent Control

Climatic Effects

Environmental aspects unique to the nuclear fuel cycle and control of

radioactive materials are discussed in detail in other parts of this

study and are collected in summarycomparative form in Table 4-38

It is basic premise that offsite radiation exposures and doses

to individuals and populations will not be permitted to exceed the

legal limits whether from nuclear parks and/or dispersed plants

exposing the same persons question is whether exposures from

parks may be more or less than from dispersed plants It is quickly

evident that quantitative evaluations and particularly distinguishing

significant differences between parks and dispersed plants are highly

dependent on specific site conditions Because this study is not site

specific the significant radiological aspects are discussed below but

quantitative evaluations are left to other studies an example is the

short survey docent Radiological Impact of Nuclear Center on

the Environment discussed below

The Nuclear Regulatory Commission is performing

study to locate and identify possible nuclear energy sites

Section 207 of the Energy Reorganization Act of 1974 charged the NRC
to report back to Congress by October 11 1975 The survey is to

include regional evaluation of natural resources including land air

and water resources as well as estimates of future electric power

requirements that can be served by each center the economic impacts

the environmental impacts of such centers compared to separate

siting of nuclear facilities and consideration of the use of property

federally owned or designated for other public use excluding

national parks forests wilderness areas and historic monuments
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Table 4-38 Environmental Aspects Dispersed Nuclear vs Parks

DISPERSED NUCLEAR PRESENT MODE NUCLEAR PARK

RADIOACTIVE RELEASES TO ATMOSPHERE

AS LOW AS PRACTICAL ALAP SAME ALAP METHODS FOR
FOR TO4 REACTORS TO2O REACTORS STILL
WELL BELOW IOCFR2O LIMITS WELL BELOW IOCFR2O LIMITS

NO SYNERGISM BETWEEN ALAP FOR REACTORS AND
REACTORS AND GEOGRAPHI- SIMILAR ALAP FOR ONSITE
CALLY REMOTE REPRO/FAB REPRO/FAB STILL WELL
ALAP FOR EACH BELOW IOCFR2O LIMITS

PROCESS OFFGAS ALAP SAME

DECAY FILTERS STACK
OR BOTTLE

VENTILATION AIR ALAP SAME

ROOF VENTS OR FILTER
AND STACK

COOLING POND OR TOWER SAME EXCEPT POSSIBLY
VAPORS MAY ASSIST OR MAGNIFIED BY MORE VAPORS
INTERFERE WITH RADIO
ACTIVE AEROSOL RELEASES

LARGE REPRO/FAB FOR REPRO/FAB MAY BE SMALL FOR
ECONOMY TO SERVE PARK MEDIUM TO SERVE
REGIONAL DISPERSED SATELLITE PARKS OR
REACTORS LARGE TO ALSO SERVE

REGIONAL DISPERSED REACTORS

REPRO/FAB IN SMALL EXCLU REPRO/FAB IN SMALL EXCLU
SION AREA MAY BE IN SION AREA TOWARD CENTER OF
SMALL OR LARGE INDUSTRIAL LARGE SECURED PARK
SITE ACCESSIBLE TO PUBLIC

LIQUID RADWASTES RETAINED SAME
FOR ALAP

CONDENSER LEAKS GENERALLY SAME EXCEPT POTENTIALLY
INWARD UNLESS SHUTDOWN MORE FREQUENT DISCHARGES
REVERSAL DISPERSED INTO ONE LOCALIZED ENV IRON
OUTLETS AND EFFECTS MENT

REPROCESSING/FABRICATION/WASTE FACILITIES

..continued next page
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Table 4-38 continued p.2

DISPERSED NUCLEAR NUCLEAR PARK

RAD OACT IVE RE LEASES TO RI VER OR OCEAN

REACTOR PONDS REMOTE FROM COMMON POND FOR REACTOR
REPRO/FAB PONDS COOLING AND REPRO/FAB COOLING
AND CHEMICALS ADJACENT FOND FOR REPRO/

FAB CHEMICALS

NO ONSITE BURIAL AT BURIAL TRENCHES FOR
REACTORS AT REPRO/FAB SLIGHTLY BETAGAMMA CON
SITE BURIAL TRENCHES FOR lAMINATED SOLIDS EQUIPSLIGHTLY BETAGAMMA MENT CONCRETED RESINS
CONTAMINATED SOLIDS BOTH AND CHEMICALS SHIP
SHIP SIGNIFICANT ALPHA SIGNIFICANT ALPHA BETABETA GAMMA CONTAMINATED GAMMA CONTAMINATED SOLIDS
TO COMMERCIAL BURIAL TO COMMERCIAL BURIAL
GROUND OR NATIONAL GROUND OR NATIONAL
REPOS TORY REPOS TORY

SHIPMENTS OFRAOACUVEMATERI ALS

12 SHIELDING VENTING ONSITE BETWEEN REACTORS
ACCIDENTS BREAK OPEN AND REPRO/FAB ISOLATION
LEAKS GREATER PROTEC AND SAFEGUARDS LOW SPEEDTIONS NEEDED FOR CROSS POSSIBLY THROUGH FIFES OR
COUNTRY HIGH SPEED RAIL TUNNELS SCHEDULE CONTROL
OR TRUCK WEATHER DELAYS

NEW SPENT AND RECYCLE NEW FUEL FROM OFFSJTE BUT
FUEL SHIP CROSSCOUNTRY SPENT AND RECYCLE FUEL

STAY IN PARK

14 WASTES SHORT TERM REACTOR WASTES COMBINE
STORAGE AT REACTORS THEN WITH REPRO/FAB WASTES FOR
SHIP CROSSCOUNTRY LONG ONSITE BURIAL LONG TERMTERM e.g 5JO YR STORAGE SHIPMENT TOSTORAGE OF REPRO/FAB HIGH NATIONAL REPOSITORY
LEVEL WASTES THEN SHIP
TO NATIONAL REPOSITORY

15 BYPRODUCTS REACTOR SAME
IRRADIATIONS REPROCESS
ING Np

..continued next page.
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fllable 4-38 continued

DISPERSED NUCLEAR NUCLEAR PARK

ENVIRONMENTAL MONITORING

16 REACTOR AND REPROCESS- REACTOR REPROCESSING
INC FABRICATION RADIO- AND FABRICATION RADIO-
ISOTOPES GEOGRAPHICALLY ISOTOPES MIXED IN
SEPARATED ENVIRONS

17 SENSITIVITY FOR ALAP SAME
RELEASES AND OFFSITE
EXPOSURE LEVELS

ACCIDENTS AND EMERGENCIES

18 EFFECTS ON ADJACENT EFFECTS ON ADJACENT
FACILITIES MORE FOR FACILITIES LESS FOR
DUAL REACTOR PLANT SEPARATED UNITS BUT MORE
NONE FOR REMOTE UNITS MAY BE AFFECTED BY
REPRO/FAB ONE CONSTRUCTION AREAS

PUBLI

19. EFFECTS OFFSITE SMALL EFFECTS OFFSITE SMALL
EXCLUSION AREAS EVEN EXCLUSION AREAS BUT IN
IF IN INDUSTRIAL PARK LARGER SECURED OPERA
OPEN TO PUBLIC TIONAL AREA CONSTRUCTION

AREAS WILL BE CONSIDERED
OFFSITE OPEN TO PUBLIC

AT LEAST THOSE WITH
OFFICIAL BUSINESS SUCH AS

DELIVERY VEHICLES CON
TRACTORS THROUGH
CONSTRUCTION AREA GUARD
HOUSES

20 EXTERNAL FORCES HURRI EXTERNAL FORCES SEE
CANE TORNADO EARTHQUAKE DISPERSED AT LEFT
FLOOD GOVERNMENT KAMI LARGE NUMBERS OF UNITS
KAZE STRIKE SABOTAGE LESS LIKELY FOR TOTAL
WAR SMALL AREAS MORE SHUTDOWN BUT LARGE BLOCK
LIKELY TO BE ENCONPASSED OF POWER AT RISK
BUT REGIONAL POWER BLOCK
LESS VULNERABLE

..contlnued next page.
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Table 4-38 continued p.4

DISPERSED NUCLEAR NUCLEAR PARK

21 RECOVERY RESOURCES LESS MORE RECOVERY RESOURCES
ONSITE MORE DEPENDENT IN PARK INCLUDING CON
ON OFFSITE COMMUNITY STRUCTION EQUIPMENT
SERVICES BORROWING FROM PLANTS IN

BELOW CONSTRUCTION LESS

DEPENDENCE ON OFFSITE FIRE

FIGHTERS POLICE DOCTORS
FIRST AID COMMUNICATIONS
NEWS AGENTS

COMMUNITY SERVICES

22 COMMUNITY PHYSICIANS PARK PHYSICIANS AND
SPECIALLY TRAINED NURSES FOR ROUTINE EXAMS
OFFICE CALLS SITE AND RADIATION EMERGENCIES
VISITS COMMERCIAL ONSITE MEDICAL CENTER
HOSPITAL AND LAB
SERVICES

23 SEVERE CONTAMINATION ONSITE MEDICAL CENTER
SURGERY MOST HOSPITALS DESIGNED FOR CONTAMINATION
OR MORGUES COULD STORE CONTROL AND SHIELDED
PORTABLE SHIELDING CAN SURGERY PLUS PORTABLE
ADAPT STERILE TECHNIQUES SHIELDING IF PATIENT CANT
FOR CONTAMINATION CNTROL BE MOVED TO CENTER

24 TRAIN PLANT OPERATORS FOR ONSITE FIRE BRIGADE AND

FIRE TRAIN COMMUNITY STATION COMMUNITY
FIREMEN FOR NUCLEAR BACKUP

25 LOCAL POLICE OR SHERIFF ONSITE SECURITY FORCE MAY
FOR OFFSITE CONTROL AND INCLUDE DEPUTY SHERIFFS
BACKUP PLANT GUARDS BACKUP AND OFFSITE BY LOCAL

POLICE AND SHERIFF

26 PLANT MANAGEMENT HANDLES PARK PUBLIC RELATIONS
PUBLIC RELATIONS REPRESENTATIVE
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Offsite Exposure Modes

Offsite exposures to radiation and radioactive materials from

nuclear parks or dispersed sites via air water foods or other

exposure pathways and the actual biological doses received are

dependent on the plant control technologies the characteristics of

the radioactive effluents and the distances and locations of individuals

and populations around the sites

Direct radiation from plant operations or from radioisotopes

within containments after accidents is decreased approximately

inversely as the square of the distance from the source to the receptor
and also by intervening structures providing shielding Thus the

arrangement of buildings and cooling towers or ponds isolation

afforded by river lake or restricted lands and distance to public

areas of high occupancy factors might tend to favor large parks in

general but could be arranged to best advantage of either park or

dispersed site in specific cases However direct radiation doses

even from transportation are readily controlled to small levels

compared to regulatory limits without resorting to arranging interven

ing buildings onsite

The radioactive effluents from reactors fuel reprocessing fuel

fabrication and waste treatment facilities are of the same kind
whether in parks or dispersed sites Local discharges may be more

frequent or larger because there are more reactors in park or

larger reprocessing/fabrication/waste facilities at dispersed site

Because of the process leaks ventilation air from nuclear

power plants may contain small amounts of biologically significant

radioisotopes such as tritium from coolant activation or xenon

krypton and iodine from fuel The nuclear plants are designed to

capture contain large process leaks or accidents and the air is

processed by decay filters charcoal adsorbers etc before

release

Reactor offgas contains more of the same isotopes and is pro
cessed by decay filters and adsorbers before release and in

some plants by cryogenic liquefaction to bottle noble gases for decay

and release or long term storage Condenser cooling water may be

slightly contaminated by reverse leakage during shutdown and may
also be used to dilute contaminated water wastes in which the radio

isotope concentrations are below regulatory release limits Solid

wastes and radioisotopes are contained and stored or sent to

burial ground
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The effluents from spent fuel reprocessing fabrication and

waste treatment are discussed extensively in the following sub-

chapters The process concentrations are orders of magnitude

greater than in the reactors and the effluent treatments and controls

are correspondingly greater Before reprocessing spent fuel from

LWR may be decayed in the order of 150 days but the LMFBR fuel

cycle profits from short times so decay may be as little as 30 days

Numerous and large amounts of biologically significant isotopes are

processed so the main control is containment and storage High

efficiency filters and charcoal adsorbers treat the ventilation air

Iodine is removed from process gases by silver impregnated columns

particularly since the long lived iodine-129 half life 16 million years

is of concern even after 8-day iodine-131 has decayed away

Krypton-85 half life 10.8 years has been of interest because being

noble gas not removed from the environment by natural processes

other than decay its continued release to the atmosphere might

build up to significant biological exposure levels The long lived

alpha emitting radionuclides plutonium americium and curium

from fuel reprocessing and plutonium from MO2 mixed U-Pu oxide

fuel fabrication have been of concern because of potential lung and

bone doses

Many studies and predictions have been made of the pathways

and biological effects of the radioisotopes released or escaping from

the nuclear plants to the environment These studies justify the

expensive controls to keep the bulk of the radiolsotopes within the

processes but also are convincing that the controls are technologically

available to keep present and future environmental doses well below

prescribed limits

The USAEC draft report The Generic Environmental Statement

on the Use of Recycle Plutonium in Mixed Oxide Fuel in LWRs

GESMO 12
is an excellent compendium of the radioisotopes and their

environmental effects For example Table IV-A-1 lists these

quantities of the principal gaseous effluents per annual fuel require

ment of the model 1000 MWe LWR

Curie

1-129 0026 Whole body dose from

1-13 024 tritium is man-rem

Fission products per annual fuel require

and transuranics 01 ments for population

Tritium 17 800 within 50 mile radius

Kr-85 350000 This is0.007% of average
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natural background dose

to this population

100 persons/sq ml
IV JA-9 equals

785 000 persons

The quoted footnote indicates that even the apparently large amounts
of tritium will actually cause insignificant doses Assuming 26 000

MWe in park or dispersed sites might mean an annual whole body
dose from airborne tritium of 156 man-rem compared to the pre
scribed limit of 170 rem/yr/person times 785 000 persons
133 000 man-rem or about 1% of the limit This may be

compared to the As-Low-As-Practical ALAP regulatory guides
which are generally about 1% of prescribed limits

Similarly the krypton-85 controls can readily keep offsite doses

to insignificant levels Hendrickson 24 is one of several who have

evaluated the dose from Kr-85 released to the Earths atmosphere
from the nuclear power industry He quotes various estimates that

the Kr-85 releases such as the 350 000 ci/yr/l000 MWe above may
eventually reach concentrations of 2-to-30 10-8 microcuries per
cubic centimeter in air by the year 2050 assuming

cgincidence
of

the worst conditions Thus the upper value 30 l0 iCi/cc
results if

Essentially all electricity 50 billion kilowatts

by year 2050 was produced by nuclear electric plants

All the Kr-85 produced was released from the

reactors and reproces sing plants

It was released at the regulatory limit

1OCFR2O and

It was diluted in only 1/4 of the Earths total

atmosphere

He shows that the resulting annual doses to person would be

007 rem from the penetrating beta and gamma radiation to the

whole body compared to the offsite individual limit of 170 rem/yr
or 4% and rem from the weak beta radiation to the skin compared
to the ICRP limit of rem/yr or 10% However it is recognized that

the skin limit for the weak beta from Kr-85 should be increased by
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factor of to 10 making the rem/yr about 1% of the appropriate

limit

Plutonium and the other long lived alpha emitting radionuclides

such as americium and curium potentially can escape or be released

from the nuclear plants They must also be controlled to low environ

mental levels because of the intense biological effect of these alpha

nuclides depositing in the body in radiosensitive tissue such as bone

marrow There is current controversy that plutonium oxide particles

retained in the lung should be considered as intense hot spot cancer

producers rather than as more diffuse energy sources of some

mobility in the lung as shown by years of animal experiments and

human exposures The advocates of the hot particle hypothesis may
resort to legal avenues in the face of yet another technological

rebuttal according to Nuclear News December 1974

It is informative to compare the alpha radioactivity presently in

the environment with predictions of that released from the nuclear

power industry

Table 4-39 Where the Alpha Curies Are

LOCATION RADOIS0TOPE ALPHA CURIES REF

OCEANS RADIUM226 420000000 25

26

AIRTROPOSPHERE RADON222 600000000 27p.53
THORON R220 200000000 21p.53

U.S LAND

TOP FOOT Ra226 3000000 26p.2O
Rn222 500000 27p.53
Rn220 200000 27p.53

U.S SURFACE
WATER Ra226 2000/yr 29p.22

29

FALLOUT Pu 320000 12VOL.2
WORLDWIDE P.32
U.S LAND Pu 8000 3Op.67
U.S FARMLAND Pu 800 I0 OF

R226 300000 U.S
Ru222 50000 LAND

IN U.S PEOPLE Ra226 0.1
200 MILLION Pu 12VOL.2
POPULATION P.32

WITH ACKNOWLEDGMENT TO J.M SMITH GENERAL ELECTRIC CO
FEBRUARY 1975 FOR INTERPRETATIONS OF DATA
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Pigford32 has prepared one of the most extensive estimates of

plutonium in nuclear industry fuel and releases to the environment

Table 4-40 Estimated Plutonium Releases in Air Effluents

CURSES PER YEAR OF

ALPHA-EMITTING Pu

FUEL REPROCESSING
1980 1990 2000

RANGE OF RELEASE FRACTION

2.9 IO 0.23 1.9 4.6
.4 101 0.00011 0.00091 0.00230

FUEL FABRICATION

1.1 1Q9 0.0011 0.046 0.087IO 5.2 I0 2.1 lO 4.0 l0

Thus if we assume an average Cl/yr release for 20 years
there may be total of 40 Ci Pu released compared to the 320 000

Ci Pu worldwide or 8000 Ci Pu in the from past weapons
testing fallout

Similarly the available technology controls applied to the contain
ment and release of the radioactive iodines can be shown to prevent

significant human doses in the environment considering the fractional

Curie releases described above from GESMO 12

This discussion is intended not to imply that there will be no

environmental radiation effects from nuclear parks or dispersed

plants but rather to maintain rational perspective about the magni
tude of controls needed and the insignificance of doses that can be

achieved with responsible care in design and operations

Soldat
23

has prepared preliminary study of the Radiological

Impact of Nuclear Center on the Environment for WASH-l288
He described some generic calculations of offsite exposures from

liquid and gaseous effluents from present types of nuclear power
plants fuel reprocessing plant Pu02-U02 fuel fabrication plant and

waste management facilities On the basis of As Low As Practicable

ALAP guides of the type presently being promulgated by the

regulatory agencies for such plants and provision of relevant process
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controls available or adaptable from present technology the calculated

doses to individuals offsite and the public are indicated to be small

fractions of the applicable limits The study suggests that nuclear

center or park containing as much as 30 000 to 40 000 MWe total

generating capacity together with associated fuel reprocessing

fabricating and waste facilities can meet environmental dose regula

tions It emphasizes that quantitative evaluations and particularly

comparisons between parks and dispersed sites are highly dependent

on specific site characteristics such as cooling mode ponds towers

river or ocean and isolation distance from public areas The study

indicates that the radiological impact of specific site could be

different than derived here for the generic site but in all probability

the net impact would not be significantly greater because of the

cons ervative as sumptions employed

The environmental aspects of including small uranium enrich

ment facility using gas centrifuges in large nuclear park have been

considered briefly Such an arrangement might be desirable for

safeguards reasons especially where highly enriched uranium is

needed for an HTGR as well as for the availability of electrical

power The UF6 gas phase process containment provisions would not

be appreciably different from those necessary in fuel reprocessing

plant to prepare the uranium stream for fuel fabrication see typical

flowsheets in Nuclear Fuel Reprocessing subchapter Protection

against criticality accidents would depend on the enrichments to be

processed
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Environmental Regulations and Trends

government regulations determining the design and operation of

nuclear plants whether in parks or dispersed sites in regard to

environmental radiation exposure aspects are

1OCFR11 Environmental Statements Operations including com
pliance with Section 309 of the Clean Air Act requiring
review by the Environmental Protection Agency

IOCFR2O Standards for Protection Against Radiation

IOCFR5O Licensing of Production and Utilization Facilities

Including especially Appendix on study of fuel reprocess
ing and waste management facilities and proposed

Appendix on As Low As Practicable release criteria

IOCFR7O Special Nuclear Material

1OCFR71 Packaging of Radioactive Material For Transport and

Transportation of Radioactive Material Under Certain

Conditions

1OCFR73 Physical Protection of Plants and Materials

1OCFR100 Reactor Site Criteria

IOCFR14O Financial Protection Requirements and Indemnity Agree
ments including offsite radiation criteria to determine

that there has been an extraordinary nuclear occurrence

1OCFR15O Exemptions and Continued Regulatory Authority in Agree
ment States Under Section 274

In addition there are several hundred Regulatory Guides covering
Power Reactors Fuels and Materials Facilities Environmental and

Siting Materials and Plant Protection Product Transportation and

Occupational Health

Transportation regulations for control of radiation exposures to

the public are is sued by the Department of Transportation

49CFR17O-189 for rail and truck Federal Aviation Authority

14CFR1O3 Coast Guard 46CFR146 and Post Office 39CFR

Additional requirements are published by the states counties

cities carriers and international agencies while industry standards

are published by ANSI ASME and various other Code committees
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Further Environmental Evaluations and Developments

It was pointd out earlier that quantitative evaluations

of nuclear park or dispersed plant environmental radiation effects

will require specific site factors on process controls and containment

shielding discharge elevation distance to boundary modes of

individual and population exposure and number of people in the

potentially affected environs No strong generic differences are

evident between parks and dispersed sites unless boundary distance

might be more favorable for parks More people might be affected

by number of dispersed power plants reprocessing fabrication

and waste facilities and transportation of radioactive materials

among them than by one or few parks of equivalent power produc
tion On the other hand when design basis releases of radioisotopes

from effluents or accidents are added in real time for the park even

though each plant meets AIJAP guides the resultant calculated expo
sures may be close enough to legal limits that some of the park

facilities will need more control equipment and procedures than the

dispersed plants to get and keep the operating licenses

Important developments to watch are thus

the proposed ALAP guides 1OCFR5O Appendix for

individual plants and any further changes for combinations

any change in siting guides from concern that too many
residences may accumulate around park complex

any significant buildup of worldwide contaminants such as

plutonium from weapons noble gases from inadequately controlled

reprocessing tritium or carbon-l4 in the biosphere especially

where different radiation exposures have additive or synergistic

effects on critical organs in the body

the plutonium hot particle controversy

the LMFBR short-decay fuel reprocessing incentive

this may require improved technology

realistic evaluation of accidents or events in park that

require shutdown of some other facilities or the whole power produc
tion and

the results of the Nuclear Regulatory Commissions survey

of potential nuclear park sites including present complexes such as

Hanford and Savannah River or other federal reservations
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10 SAFEGUARDS ASPECTS

10 Introduction

While the issue of safeguarding against unauthorized diversion of

strategic special nuclear materials has been present since the earliest

days of the
industry45recent

attention particularly that stimulated by

IM.llrich and Taylor has resulted in new level of scrutiny of nuclear

fuel material handling practices and plans

desirable objective would be to so arrange the fuel cycle as to

eliminate the SNM diversion threat or at least to reduce the net

expected risk for the general public to level comparable to or lower

than that from other forms of mal-operation of nuclear facilities The

Rasiussen report
46

provides the industry step advance in rigorous

analysis of the risk exposure and critical aspects or weak links insofar

as nuclear power plant mal-operation is concerned comparable

study might be appropriate to more exhaustively define the fault chains

for risk assessment in the SSNM safeguards area While no publica
tions of comparably rigorous assessments are known of at this time
it is presumed that extensive evaluations have been conducted for the

case of safeguarding military weapons and materials Further illustrative

charts have recently been presented in the LMFBR Program Environ
mental Statement and are reproduced in Figures 4-56 and 4-57

The nuclear weapons program represents an ever-present target

for terrorist groups should they ever have SNM diversion as their

objective The civilian nuclear power program thus constitutes

potential extension of this target and one which within the next few

decades could exceed it By 2020 it has been estimated that as much as

5000 tons of plutonium may be in use involving as many as 100 000

shipments/yr between dispersed sites Certain trends appear to have

resulted from safeguards evaluations for these military weapons and

materials and in the absence of rigorous fault tree safeguards

analysis for power reactors and their fuel facilities these observed

trends have been used as starting point for the present study

Transportation of materials and components at several

stages of the process is acceptable colocation is not

considered must

Protection or safeguarding of SNM in transit between

facilities is accomplished without extensive armed

SSNM fissile plutonium U-233 or uranium enriched

to more than 20% with U-235
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NUCLEAR
MATERIAL

SM 00 LEO
INTO THE

U.S

BLACK
MARKET

CONSTRUCTION
ACCESS TO OF EXPLOSIVE OR

FACILITY DISPERSAL DEVICE
DELIVERY

ATI ACQUISITION ACQUISITION TO EVENT
EVENTDECISION TO OGANIO

OF PHYSICAL OF INFORMATION
ACCE TO REMOVAL OF

LOCATION
DETONATIONPRODUCE OF ER

RESOURCES AND ON LOCATION
MAT

SE

MATERIAL CRITICAL CONSEQUENCESEVENT
OF EVENT PRE-POSSESSION AND MATERIAL

INCIDENTCONSTRUCTION PROTECTION
OR DISPERSAL

Ui
DESTRUCTION

AND/OR
MANIPULATION

CONTROL OF OF EQUIPMENT
VEHICLE OR MATERIAL

EXTERNAL
PENETRATION

OF FACILITY
OR VEHICLE

PREPARATION ATTACK
UTILIZATION

From WASH-1535

Figure 7.4-4

Figure 4-56 Adversary Action Sequences



CONSTRUCTION
OF EXPLOSIVE OR

EVENT
DETONATION

CRITICAL

LIIHEEOUENcESAND MATPRE -POSSE INCIDENT
SERIAL MATERIAl

PROTECCONSTRUC
EVENT

OF EVE
OR DISPERSAL

.5

Deterrence through establIshment Detection through police inteIligence Physical barriers to impede Entry except theough well defined Police intelligence and detection

of severe penalties and communication informers seeking reward and general authorized portals activities directed at the recovery
of information relatIng to lIkelihood reporting of suspicious circumstances Sensors and alarms to detect attempts to enter through of stolen material prior to itt

of failure
physical barriers

utilization

Access controls to detect attempts of unauthorized entry

through normal portals

13s Monrtoring Systems to detect unauthorized passage of

nuclear materials through barriers or portals

Hardened Containers and storage vaults to deter and

delay attempts to remove nuclear materials

Communication systems to assure timely and appropriate

response to alarms generated by instruments or personnel

Armed personnel on site to provide immediate response

to alarms

Internal controls to provide timely detection of diversions

that might go undetected by perimeter controls or monitors

From WASH-1535

Figure 7.4-5

Figure 4-57 An Example Adversary Action Sequence and Associated Interruption Activities



escort alternative immediate trouble alert plus

delayed access techniques have been judged preferable

Protection or safeguarding of SNM within produc
tion and storage facilities while based on rigorous
monitoring and armed security forces does not

contravene civil liberties Scope still exists for

further protection through the immediate trouble

alert delayed access and retrieval concepts
relied on extensively in transportation

The above observations suggest that in the absence of rigorous
analysis there is little to support the public concern that armed
intrusion or hijacking of materials in transit will prove to be signifi
cant threats for the industry By comparison the organized pilferage
of SNM for which little or no documented experience has been found
may prove far more burdensome matter The latter is far less

dramatic at stage Access to Material of Figure 4-56 and 4-57
when the terrorist is not expected to seek drama Review of the

fairly extensive safeguards documentation in Section of the

LMFBR Environmental Statement
14

neither adds to nor detracts

from this view

Thus for the present study it is presumed that there is little if

any difference in the basic SNM safeguarding ability for nuclear parks
as compared to dispersed plants and fuel cycle facilities among
similar sized installations This does not mean that there are not

other environmental or economic considerations but that the safe

guards issue for materials in transit is unlikely to prove long term
to be the overriding one

Table 4-41 is compilation of some of the more significant safe

guards considerations recognized in the course of the current study
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Table 4-41 Safeguards Comparison Dispersed Sites vs Parks

DISPERSED PARK

PERSONNEL ACCESS
FEWER PEOPLE FOR ACCESS MORE CONSTRUCTION DELIVERY
AND INSIDE CONTROLS PER OPERATIONS PEOPLE AT ALL

SITE BUT MORE PER MWe STAGES OF SITE DEVELOPMENT
INSTALLED PROGRESSIVE CONSTRUCTION

FENCING MAY LEAVE REPROCESS
ING/FABRICATION FACILITY AS

EXPOSED AS DISPERSED

LESS AREA AND PERIMETER LARGE AREAS AND PERIMETERS

PER SITE BUT MORE SITES FOR INTRUSION CONTROLS
BUT FEWER SITES

MAY BE CLOSER TO RESI- MAY BE MORE REMOTE FROM

DENTIAL AREAS AND GENERAL PUBLIC EXCEPT CO
UNAUTHORIZED PUBLIC LOCATED INDUSTRIES AND

LARGER TOTAL NUMBER COMMUNITY

TECHNOLOGY/PROCESS SEPARATION

SEPARATE ENRICHMENT ONSITE REACTORS FUEL

REPROCESSING REFABRICA- STORAGE ENRICHMENT REPRO
TION AND REACTORS CESSING REFABRICATION
MEAN MORE TARGETS AND WASTE FACILITIES ELIMINATE

MORE TRANSPORT MOST OR ALL OFFSITE TRANS
PORT OF Pu AND OTHER SNM

RELIANCE ON LARGE MAY HAVE SMALL GAS

SEPARATE ENRICHMENT CENTRIFUGE FACILITIES
FACILITIES AND HTGR TO AVOID SNM

SAFEGUARDS TRANSPORT

INTRUSION VULNERABILITY/DISRUPTION

LESS EFFECT ON POWER INTERPLANT EFFECTS OF

SYSTEM CAN BE THREATENED SABOTAGE STRIKES BUT

MORE PROTECTION AND ONSITE
RECOVERY RESOURCES ARE

PRACTICAL
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10 Federal Regulations Safeguards

Federal regulations for physical protecticn ______________________
of nuclear plants and materials are published Extract from
in 1OCFR73 see box supplemented by USAEC 1OCFR73
USAEC now NRC Division Regulatory

G5U5L R0%T5ZOq5Guides
73.1

Purpose This part prescribes re
7ulremerjt.s for physical protection ofThe recent LMFBR Environmental special nuclear material at fixed sites
and In transit and of plants in whichStatement WASH-l535 14

has enumerated
PUrpose of protection against acts of in
dustrial sabotage and protection of spa-planned safeguards program elements for the
ciai nuclear material against theft by
establishment and maintenance ofLMFBR program they are considered repre- physlcalprotectionsymOf pro
tective barriers and intrusion detectionsentative of actions for any system involving devices at fixed sites to provide early
detection of an attack deterrence toSSNM and are quoted below attack by means of armed guards and
escorts and liaison and communica
tion with law enforcement authorities

capable of rendering assistance to
117 Safeguards Objectives and counter such attacks

Scope ThIs part prescribesProgram Elements recuirements for the Physical pro.
tection of production and utilization fa
dilittes licensed pursuant to Part 50 of
this chapter ii the physical protection
of plants In which activities licensedSafeguards measures are designed to
pursuant to Part 70 of this chapter are
conducted and the physical protectiondeter prevent or respond to the
ofspecialnuclearmaterjalbyanyper
son who pursuant to the regulatio Inunauthorized possession or use of signi- Part7Oofthizcharesseeor
at any site or contiguous sites subjectficant quantities of nuclear materials
to control by the licensee Uras4um-235
contathgd in uranium enriched to 20

through theft or diversion and percent or more in the U-235 isotope
Uranium..233 or plutonium alone or in

sabotage of nuclear facilities The any combination In quantity of 5000
grains or more computed by the formula

safeguards program has as its objective contained tI-2352.5
grams U-233graxns plutonium

This part prescribes requirementsachieving level of protection against
for the physical protection of special nu
clear material In transportation by anysuch acts to ensure against significant
person who is licensed pursuant to the

regulations in Part 70 of this chapterincrease in the overall risk of death who imports exports transports deliv

ers to carrier for transport in singleinjury or property damage to the public shipment or takes delivery of single

shipment free on board at the pointfrom other causes beyond the control of where it is delivered toa carrier either

Uranium-235 contained in uranium en-the individual The program includes richedto2opercentormoreintheu35
Isotope uranium-233 or plutonium orthe following functional elements any combination of these materials
which Is 5000 grains or more computed
by the formula grams grams con
tained U-235 2.5 grams T-233graaia

definition of the nature and dimen- im
This part also applies to shipments

by air of special nuclear material insions of the threat
quantities exceeding 20 grams or 20

dunes whichever Is less of plutonium
or uxanlum-233 or ii 350 grams of

uranlum-235 contained in uranium en-
development and imposition on the

ricbedto2opercentormoreththeu.235
Isotopenuclear industry of safeguards Special nucleai material subject
to this part may also be protected pur

requirements directed toward suant to security procedures prescribed
by the Commission or another Govern-

countering the threatS ment agency for the protection of classi

fied materials The provisions and re-
quirements of this part are In addition

to and not in substitution for any such

security procedures Compliance with thelicensing activities including reviev
requirements of this part does not re
have any licensee from any requirementof safeguards procedures proposed or obligation to protect special nuclear

material pursuant to security proceduresby nuclear industry applicants as prescribed by the Commission or other

Government agency for the protectionrequired by regulations ofo fled materials



inspection of safeguards implementation to ensure adequacy

enforcement of requirements through administrative civil

or criminal penalties

administrative and technical support for response and

recovery

development and testing of methods techniques and equip
ment necessary to the effective implementation of

safeguards

continuous program review in the light of industrial

technical or social/political changes to assure that any

needed changes are made in the program elements above 14

10.3 Armed Intrusion vs the MUF Problem for PuB Parks

Assuming some redirection of the focus of safeguards attention

to areas other than armed intrusion and further strengthening of

armed protection there will be some lessening of the incentives for

elimination of SNM transportation requirements through the introduc

tion of integrated facilities and in the limit the PuB parks The

question then arises as to how other aspects of the safeguards problem

compare between dispersed and integrated facilities

If the resultant integrated facilities or PuB parks are planned to

be supercomplexes of many times the scale of operation of the alter

native dispersed site facilities some risk exists that the Material

Unaccounted For MUF problem will be accentuated Even with

todays size of industry activities the control of the risk of diversion

by organized pilfer is considered by some to be unsatisfactory This

inevitably suggests still further tightening of limits on accountability

demand that is already straining technical limits and capabilities to

further tighten operating procedures

The next question concerns how practical it is to contemplate

large centralized fuel facilities for improved economy if such scaleup

makes the materials accountability requirements proportionally

tougher Indeed it might suggest there is in some respects safe

guards worth in diversity in the encouragement of multiple

smaller scale operations for which the cumulated MUF would be pro
portionally reduced for given level of materials accountability

sophistication
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Alternatively in large.r fuel or park facilities separated process
or production lines with entirely separate personnel and materials

accountability activities might be contemplated Again however the

question arises as to how much cost savings from scaleup can be
retained when greater degree of physical and personnel separation
is to be provided

One further question which remains unanswered as yet is the

ability to use tracer techniques such as small content of gamma
radiation emitter to block the possibility of organized pilfer through
MUF If such were to prove practicable the required monitor system
may be less burdensome to apply under integrated facility or park
circumstances

10.4 Denatured Plutonium Approach to Safeguards

One inherent safeguard measure beginning to receive intensive

study is to leave enough fission products in with the plutonium from
the reprocessing steps to keep the recycle material dangerously
radioactive with penetrating long range gamma radiation Such FP/Pu
product is now being called denatured plutoniumU

There may also be substantial fraction of spent uranium left

in the reprocessing product 25% Pu 75% which makes the

mixture unusable for nuclear bombs without further chemical pro
cessing to purify the fissile plutonium large fraction of U-238

spent from reprocessing or depleted from enrichment plant

tailings is used in LWR fuel to maintain inherent doppler-action

safety against nuclear excursion accidents in fuel handling and

reactor operations

The term spiked plutonium is now being used in safeguard
studies to mean fissi plutonium to which strong gamma radiation

material such as cobalt-60 is added to make it too dangerous to

steal The spike could be added in reprocessing refabrication or

transportation step to supplement other safeguards but where it would
minimize process problems For example cobalt chemistry is some
what foreign to the Purex reprocessing chemistry so development
work might be necessary to add the cobalt in that process The spike
could be intimately mixed into the plutonium product added within

the fuel rods or placed within the transport container for example

One proposed criterion for either denatured or spiked plutonium
is that each kg Pu should emit 500 RIh at meter
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The Electric Power Research Institute EPRI is sponsoring de

naturing studies by General Electric Company and Exxon Other con

sulting firms and national laboratories reportedly are also proposing

or conducting studies of denaturing or spiking The Nuclear

Regulatory Commission is concerned with current studies of safe

guard measures and threats as well as maintenance of IOCFR73 and

the associated Regulatory Guides

As MO fuel is repeatedly recycled more of the higher Pu iso

topes are formed some of which are strong gamma and neutron

emitters of safeguards value and some of which are neutron absorbers

tending to limit the Pu for fuel The Pu-236 decay chain for example
also grows-in some strong gamma emitters depending on the ti9
after reprocessing The following Table compiled from GESMO
illustrates the changing isotopic Pu content with LWR fuel recycle

including the GESMO reference 15 Self-Generating Recycle fuel

It is seen that dnaturing or spiking will affect the entire fuel

cycle reactors reprocessing refabrication waste management

transportation and possibly even pretreatment for enrichment if the

spent is so recycled The entire methodology of the fuel cycle as

well as the costs are now being studied

Table 4-42 Plutonium Isotopic Concentrations For

Various Recycle Assumptions

FRACTIONAL COMPOSITION gm/gm TOTAL Pu

Pu FROM Pu FROM Pu AFTER EQUILIBRIUM
DISCHARGEO LOW BURNUP 4YEAR 1.15 SGR

ISOTOPE UO2 FUELa
MO2

FUEL RECYCLES NEW FUELa

Pu-236 O.OOOO7 O.OOOO7 000007b
Pu238 0.02 0.01 0.06 0.04

Pu239 0.61 0.64 0.29 0.42

Pu24O 0.24 0.22 0.27 0.27
Pu-24l 0.10 0.10 0.17 0.15

Pu242 0.03 0.03 0.21 0.12

From Table IV C-5GESMO
From Table IV CI GESMO
Fissile Pu239 Pu24I
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4.10.5 Spcific PuB Park Provisions and Costs For Safeguards

Since the inception of the nuclear industry security and safe

guards have been an integral part of plant design construction and

operation Just as for radiation protection the safeguard costs are

not separately identified in total because of the multiple functions of

most equipment and personnel The costs are also very site specific
and depend on when the plant was built and what requirements it had

to meet Thus it is difficult to identify what the incremental costs of

new safeguards requirements will be They will be more for retro

fitting than if incorporated in design yet to be built

One of the new intensified safeguards regulations requires search
of people and packages passing from room to room new plant

designed with fewer rooms might achieve safeguards cost savings

Typical nuclear facility provisions assumed in this park analysis

as necessary to comply with the new more strict requirements of

IOCFR73 and the Division Regulatory Guides include

Access limitation to one well supervised and guarded
entrance

full time materials accountability staff including

inspection team

Fully fenced and patrolled perimeters with intrusion

alarms

cooling water pond configured as moat

Minimum conversion of SNM into packaged or solid

forms amenable to transportation

The costs of safeguards features are not separately compiled in

this study but judgemental allowances have been included in the cost

estimates for the nuclear power plants reprocessing refabrication

waste management transportation and site development facilities

These are then included in the overall cost comparisons The judg
ments were primarily evolved from LMFBR Environmental Statement4

data which suggest that for the dispersed site situation with

1500 MT/yr to 2500 MT/yr reprocessing facilities safeguarding costs

would range from to mills/kWh including capital charges on

special investment requirements of $2 to 3-1/2/k We These data are

summarized in Table 4-43 from Reference 14
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Table 4-43 Costs of Safeguarding Different 80 000 MWe
Ifdules

Millions of 1974 Dollars From WASH-1535
Table 7.4-17

.WR LWR
W/O WITH
Pu Pu

LMFBR RECYCLE RECYCLE HTGR

CAPITAL COSTS

POWER PLANTS 156 75 120 100
REPROCESSING PLANT 13

FUEL FABRICATION PLANT IS IS
PLUTONIUM STORAGE FACILITY 10

HIGHLEVEL WASTE REPOSITORY 51 51 SI SI
ISOTOPE ENRICHMENT PLANT
OTHER FIXED SITES 10 10 10 10
TRANSPORTATION IS 7.5 10

TOTAL CAPITAL COSTS 273 169 216 202

OPERATING COSTS PER YEAR
45 20.2 25 29.6

FIXED CHARGE ON CAPITAL
INVESTMENT 16% 42.7 25.4 34.5 32.4

REGULATORy OPERATIONS
OTHER

TOTAL OPERATING COSTS 96.7 52.6 68.5 7I
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11 POWER PLANT COSTS AND IMPROVED CONSTRUCTION

.ll.l

The construction of substantial number of basically identicalnuclear generating plants at single site as contrasted to constructionat dispersed sites presents an opportunity to achieve savings in termsof construction manhours and construction time both of which resultin dollar savings This would be particularly true if the units are constructed on planned program which takes into account the entire scopeof site development from beginning to completion There are multipleplants on single sites now in operation or under construction such asthe following

Commonwealth Edisons Dresden Site single unit plus
dual unit

1818 MWe Total

Philadelphia Electrics Peach Bottom Site single unit plus
dual unit

2170 MWe Total

Tennessee Valley Authoritys Browns Ferry Site

units

3296 MWe Total

Tokyo Electrics Fukushima Site single units plus

replicates
4665 MWe Total

Although the sites were chosen anticipating that additional units wouldbe added to the initial unit the plants at these sites differ in ratingtype or both and the normal process of site development has precludedthe kind of planning that is possible at power park

It is anticipated that savings can be achieved in some or all of thefollowing areas

Site evaluation and selection

Safety and licensing

Work load and work force stability

Improved worker productivity through replication
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learning curves

Optimization of construction facilities

Application of novel construction techniques

Items and are addressed to in other sections of this report
Discussed herein are the last two of the above items economies that
are possible by prefabricating and preassembling in effect as many
of the structures and as much of the equipment as possible in specialized
facilities located at the site The term modular constructionH has been
applied to this approach but the generic term modular has been applied
to many designs arrangements procedures etc and has many inter
pretations

Basically the approach is to divide the total plant into the largest
pieces structural mechanical electrical and combinations of these
that can be preassembled and set in place as the buildings progress
This technique has been used for the construction of chemical and petro
chemical plants in locations where construction labor is scarce and
where climatic conditions are severe Lake Maracaibo nee1aPort Valdez Alaska Cooks Inlet Alaska Edmonton Alberta
The same approach is applicable to the construction of generating plants
in power park where the large number of units and the large amount
of required labor can justify the cost of specialized facilities to fabricate
and handle large subassemblies The common denominator is the designof large modules capable of being constructed individually transported
and assembled into complete plant In the power park concept the
opportunity to locate fabrication facilities nearby makes it possible to
utilize transporters special cranes and other means of material handl
ing to great extent

As means of evaluating the potential savings using modular con
struction study was made of the time and facilities required to con
struct typical LWR power plants under two sets of conditions

single unit built using conventional construction procedures
at typical site

single unit built as part of planned power park complex
usinglarge construction modules

As sub-case under above an additional study was performed to
evaluate the possible savings that might result from the substitution of
steel and water for concrete as shielding material
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The reference plant used in these studies is described next
followed by discussion of conventional construction techniques and
typical resulting construction schedule Then the evaluations of modul
ar construction are presented together with copies of the subcontractor
studies in Appendices Al and A2

4.11.2 Reference LWR

4.11.2.1 REFERENCE LWR REACTOR BUILDING The reference LWR
plant selected for evaluation is 1220 MW plant utilizing BWR with
an output of 3800 thermal megaWatts containment utilizing water asthe means of energy absorption an 1800 rpm turbine generator takingsteam at 985 psi and discharging into inches Hg vacuum and all the
auxiliary systems and buildings associated with these two major components The 1220 MW plant was picked because of the large amount of
technical information available The reactor plant and associated systems and buildings is described in detail in the General Electric Stand
ard Safety Analysis Report35 currently on file in the NRC DocumentRoom The turbine plant and associated systems and buildings are
described in the Braun Safety Analysis Report36 currently also on file
in the NRC Document Room

The overall arrangement of the reactor complex or nuclear island
is shown in Figures 4-58 4-59 and 4-60 The central reactor buildingcontains the reactor itself steam feedwater and emergency cooling
system piping and valves associated sxialler piping systems pools to
accommodate fuel transfer reactor recirculating pumps and valves
primary and secondary shielding composite containment structure
immediately surrounding the reactor called drywell water for the
pressure suppression pool larger steel containment vessel encom
passing all the aforementioned components and secondary reinforced
concrete building surrounding the steel containment vessel servingboth as secondary containment vessel and as shielding structureThis arrangement is referred to as Mark III containment and is describ
ed in greater detail in References 37 and 38 The reactor building also
houses hydraulic control units for the control rod drives heat exchangersfor the reactor water cleanup system heating ventilating and cooling
equipment for the reactor building and miscellaneous electrical and
mechanical components associated with the components mentioned above
Figures 4-61 and 4-62 show the containment building and its contents

The structures that dominate this design are the reactor pedestaland reactor shield wall the drywel and upper pools the steel containment vessel and the shield building These rest on reinforced concrete base mat which may be up to 15 feet thick depending on soil
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conditions The drywell is reinforced concrete structure designed
to contain the maximum instantaneous pressure differential produced
by postulated line break about 22 psi and to support itself and the
upper pools under simultaneous earthquake The cylindrical wallsof the drywell are 74 feet in diameter and have thickness of approxi
mately five feet The suppression pool is sized to absorb the stored
energy in the reactor system plus core decay heat during the period
required to bring emergency cooling systems into operation after
postulated accident

The steel containment vessel is designed to contain the pressureproduced by this sequence of events and others and has designpressure of 15 psid This requirement plus the required seismic
criteria results in steel plate thicknesses which vary with height but
are maximum of approximately 1-3/8 inch The structure is erectedby welding preformed plates and with this wall thickness post-weld heattreatment is not necessary The outer shield concrete building hasthree-feet thick cylindrical walls the thickness being determined bypost accident shielding considerations and by seismic strength requirements The shield building is approximately 140 feet in diameter

4.11.2.2 REFERENCELWRAUXABUILDING The reactor buildingis flanked on one side arbitrarily called north by the auxiliary buildingand on the opposite side by the fuel building The auxiliary building isconcrete structure that contains shielded tunnel through which runthe steam and feedwater lines compartments containing the shutdownand emergency reactor cooling systems rooms which house HVAC
heating ventilating and air conditioning equipment electrical switch-gear and components associated with these systems The reactor
cooling systems in the auxiliary building are the following

cLReactor Core Isolation ooling turbine driven pumpwhich supplies make-up water to the reactor when the reactor is isolatedfrom the main reactor feed pumps The turbine is driven by steam taken
directly from the reactor and the pump can take its suction from the suppression pool so that the system can operate with the reactor isolatedfrom the main condenser

Jes1dua1HeatRemovalABC This group of systemsperforms number of functions including the following

Removal of heat from the reactor when it is isolated from themain turbine generator condenser

Removal of heat from the suppression pool after any event which
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discharges reactor steam to the suppression pool

Injection of water directly into the reactor core if series of

failures makes this necessary

Supplying water to the containment spray in order to maintain
containment temperature and therefore pressure if series of
events makes it necessary

The RHR system is comprised of pumps heat exchangers piping
valves etc located in separated compartments and designed mechani
cally so that no single failure can incapacitate all of these systems
simultaneously

HPCS High Pressure Core Spry This system comprised of
an electrically driven pump piping and valves is an emergency cool
ing system that can spray water into the core at the maximum pressure
that can be developed in the reactor taking water either from the con
densate storage tank or the suppression pool The pump and its associ
ated piping and valves are located in separate compartment and the
system is designed hydraulically mechanically and electrically so that
no single failure can incapacitate this sytem simultaneously with any
other emergency core cooling system

LPCS Low Pressure Core Spray This system is also comprised
of an electrically driven pump piping valves etc and can spray water
into the core to provide emergency cooling after the reactor pressure
has decreased following postulated loss-of-coolant accident It also
is located in separate compartment and it too is designed so that no
single failure can cause it to be incapacitated simultaneously with an
other emergency system

These systems their interaction and many of the design criteria
are described in greater detail in Chapters and 15 of the General
Electric Standard Safety Analysis Report35 They are summarily des
cribed here because the requirement that they be independent and redun
dant impacts their design throughout their arrangement andtherefore
the configuration and cost of the entire plant The principle of tsepar
ationtt is carried from the reactor vessel itself through the piping
through the systems the equipment and the sources of power and con
trol for those systems This principle is particularly well illustrated
in the auxiliary building

11.2.3 REFERENCE LWR FUEL BUILDING The reactor building is

flanked on the south side by the fuel building which houses pools for
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the fuel transfer inspection and storage pools and equipment for

loading and unloading fuel transfer casks system to maintain the

required temperature and purity of water in these pools the supply
pumps for the control rod drive system and miscellaneous equipment
associated with these systems The fuel building is equipped with
125 ton capacity crane for handling the fuel transfer casks fuel

handling platform and several smaller cranes for fuel handling in the

pools

The fuel building is predominantly the concrete structure required
to form and support the pools provide additional shielding for fuel
being stored and handled and to house and shield the pool water clean
up and cooling equipment

11.2.4 REFERENCE LWR DIESEL GENERATOR BUILDING Emergency
diesel generators are located in two areas two in the tdiesel generatort
building located adjacent to and west of the auxiliary building and one
adjacent to and southeast of the reactor building TheIr function is to

provide electric power to all of the emergency systems cooling control
instrumentation etc in the event that the plant itself is shut down and
no outside source of power is available In the diesel generator building
the Division generator supplies power to the RHR and systems
the Division generator supplies power only to the HPCS system The
Division generator is located alongside the reactor building and
supplies power to the RHR and LPCS systems This arrangement is

to provide maximum of physical separation between sources of emer
gency power consistent with the uindependent reduildanttt criteria for
systems called on to function during emergency conditions

The diesel generators together with their control systems and
portion of the fuel supply are housed in concrete structures These

structures have no shielding requirements therefore wall and roof
thicknesses ft are determined by structural considerations includ
ing seismic plus the requirement that the structures not be penetrated
by debris produced and propelled by tornado winds

4.11.2.5 REFERENCE LWR RADWA5TEBJII The radwaste building
is located adjacent to and west of the turbine building It is concrete
structure housing the equipment which processes all of the water from
the plant which contains radioactive material The equipment includes
pumps piping tanks evaporators filters and the associated electrical
and control equipment

The major input to the radwaste system is resins from the reactor
water cleanup system the fuel pool system and the condensate cleanup
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system The first two contain activated corrosion products and fission
products and their decay daughters Input from the condensate cleanup
system to radwaste is predominantly the daughters from noble gas
fission product decay The overall system is designed in effect to

separate all radioactive solids from the water return the water to the
primary coolant system and to accumulate the solids in shippable drums
so that there is no significant discharge of radioactive material to the
environment at the plant site

4.11.2.6 REFERENCE LWR TURBINE BUILDING The Braun turbine

used with the General
Electric boiling water reactor 238 in BWR/6 and standard reactor
island The turbine building design includes the building itself and
all equipment components and systems within the building

The turbine building is reinforced concrete and steel structure
238 feet long by 135 feet wide The basement level is at -24 feet the
operating floor at 50 feet and the roof at 114 feet The building is

arranged with the long axis radial to the reactor island One end of
the turbine building abuts the auxiliary building and connects to it with

continuous steam tunnel

The turbine generator is located at the operating floor level
The turbine is tandem compound six flow unit with one high pressure
and three low pressure sections The generator rated at 1250 MW
is directly coupled to the turbine

The main condenser is three shell multi pressure unit extend
ing from the basement level to the turbine exhaust hoods Tube axis is
transverse to the turbin axis

The condenser off-gas system consists of vacuum pumps two
stages of steam jet air ejectors condensers recombiners gas cooler
charcoal adsorbers and filters all located at the basement level or
the first floor above

The condensate and feedwater system comprises all equipment
needed to pump heat and condition condensate as it flows from the
hot well through the last heater Pumping is effected through three
stages condensate pumps booster pumps and feedwater pumpsEash stage consists of three parallel pumps The boiler feed pumps
are steam turbine driven All others are electric motor driven The
heating cycle includes six stages of exchange The exchangers for the
three low stages are mounted in the condenser necks The fourth stage
is deaerating heater located at the operating floor with the storage
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section immediately below The fifth and sixth stage heaters are

vertical shell and tube exchangers Deep mixed bed demineralizers

are provided for full-flow condensate polishing

The various auxiliaries for regeneration of the demineralizer

resins are located at the 16 feet floor elevation These include the

regeneration vessels caustic and acid tanks hot water tank ultra

sonic resin cleaner and the necessary pumps Also at this level are

the lube oil reservoir the hydraulic power unit for the turbine control

and bypass valves the isolated phase bus ducts and the bus cooler

At the -4 feet elevation are the hydrogen analyzer and offgas

sampling system Here too are most of the offgas auxiliary equipment
such as the glycol cooler the offgas heat exchangers and the recom
biners rail track spur enters the turbine building at this level

At the basement level -24 feet elevation are the closed cooling

water pumps heat exchangers chemical treatment tank and surge
tank Here too are the auxiliary electric heated boiler services and

instrument air compressors and receivers and the condensate trans
fer pumps

Various electrical components are included in the turbine building

in addition to power and control cable systems These include the 250

volt battery for loads outside the nuclear island the 6900 volt switch

gear and the 480 volt switch gear and motor control centers for loads

within the turbine building

All air conditioning fan coil units and exhaust fans are mounted
on the roof top The water chillers and circulation pumps are located

at the basement level

4.11.2.7 REFERENCE LWR MISCELLANEOUS BUILDINGS Other buildingi

and areas in the overall plant include administration buildings and offices

shops storage areas the condenser cooling water intake and discharge

structures spray ponds or cooling towers if used and the plant switch-

yard These are not considered to be candidates for significant inno
vation insofar as construction techniques are concerned and are not

treated in the course of the studies undertaken nor discussed

11.3 Current LWR Construction

4.11.3.1 EVOLUTION OF CURRENT LWR CONSTRUCTION The techniqueE
involved in the design and construction of todays nuclear power plants
have developed over the past twenty-five years growing out of and
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drawing on practices used in the construction of other industrial plants

predominantly chemical processing plants and fossil fueled electric

generating plants Piping electrical and control systems and for the

most part structures in LWR plants are similar in nature and complex
ity to their counterparts in processing and generating plants built through
out the world using well established construction techniques and utilizing

components available from existing industries Possibly containment

buildings do not have direct counterpart in nonnuclear plants struc
tures to minimize or contain the energy released in accidents have been
utilized in the explosives industry but the first application of large
leak tight structure designed to contain an accidental energy release

was the Horton sphere used to house submarine prototype plant in

West Milton

The feasibility of this concept lead to the development of dry
containments used in the early plants Shippingport Dresden and

Indian Point and in subsequent larger plants Containment concepts
using water or ice for energy obsorption to minimize the containment

design pressure have been developed and constructed However all

containments whether dry or wet are constructed of concrete

reinforced post tensioned etc or of steel plate preformed in the

fabricators shop and assembled at the construction site No novel
construction techniques are required to construct containment buildings
currently designed and none have been developed

Nuclear plants require substantial quantities of shielding material
around sources of high radiation the reactor pressure vessel steam
generators in PWRs and portions of the steam system in BWRs
Reinforced concrete has been widely used for this purpose for reasons
of economy In plant arrangement design equipment is usually located
so that shielding concrete whereever possible is utilized as load carrying
walls and floors whose thickness as much as five feet is often deter
mined by shielding rather than structural requirements It has been

expedient and economical to pour this concrete into site prepared forms
in the manner that is used for the construction of foundations for turbine

generators and other heavy machinery

As the industry developed nuclear plants have inherited many
of the attributes of their ancestors both good and bad Some of these

are identified below as they relate to the problems of efficiently and

economically constructing power park comprised of large number
of nuclear generating plants

Like most complex plants no two are identical No two sites

have identical conditions of terrain soil meteorology cooling
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water temperature and availability etc these factors plus

specialized customer requirements plus the continuing effort
to achieve more hboptimumH arrangement plus the continued
escalation of safety requirements produce the result that each
plant has been custom designed and custom built using traditional
construction techniques and procedures and most are basically
built one at time These are some of the undesirable consequ
ences

There is neither the opportunity nor the incentive to

develop specialized tools and facilities at any construction
site

There is essentially no opportunity to seek some optimum
split between construction/erection within the plant buildings
and prefabrication in some more efficient facility

ngineering and design are redone for each plant Costs
associated with engineering and design amount to 8% or
more of the total for nuclear plant and are increasing

The pattern is basically that of constructing buildings installing
equipment and piping and then completing the required electrical
and control work This is fundamentally sequential and results
in construction schedules that are difficult to shorten In addition
the large amount of work which must be completed in confined
areas results in worker congestion and reduced productivity in

many areas such as containment buildings auxiliary buildings
and other shielded areas

In order to shorten total project schedules detail design work
usually is continued well into the construction period with
electrical usually being the last to be completed This frequently
results in additional congestion in areas containing cableways
delays the procurement and delivery of cables with the end result
that electrical work is often the limiting item in project completion

Trends in the nuclear power industry have tended to make these problems
more acute The average capacity of the plants contracted for domesti
cally in 1955 and 1956 was 210 Mw this increased to 565 MW in 1963
820 MW in 1966 and 1180 MW in 1974 From technical viewpoint
higher ratings can be expected in the future when larger single shaft

turbine-generators become available or when the economics of multiple
shaft machines can be demonstrated
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In addition to increasing in rating nuclear plants have increased
in complexity and sophistication This has not been matched by increas
es in building volumes on the contrary physical plant size as expressed
in cubic feet per kilowatt typically about 10 to 15 cu ft

/KWW1aS remain
ed essentially constant or decreased during the past decade Safety
criteria requiring redundancy and independence of safety systems
stricter requirements for containment integrity more severe seismic
conditions criteria for system separation and more extensive quality
assurance procedures and documentation have all added to the cost of
nuclear plants as measured by dollars per kilowatt construction man
hours per kilowatt and project span time 39 40 Average psed time
from construction permit to commercial operation for domestic plants
increased from 60 months in 1970 to 83 months in 1973 and is project
ed to increase 41

1132
The foregoing

discussion of typical dispersed nuclear power plants is intended to set
background for some evaluation of current design and construction

procedures as relative to the power park concept To evaluate the
savings in plant construction costs that might be achieved using novel
construction techniques typical construction schedule for 1220 MWe
plant using BWR was taken as reference against which other construc
tion schedules could be measured This is the Reference LWR described
previously and by other references in this section This Htypical
schedule was developed using data from projects completed in the past
and also from estimates for plants now under construction Actual con
struction schedules vary widely being influenced by site conditions
local labor supply design changes licensing delays etc and the re
quired time for project completion is increasing

13 The reference
schedule allows 24 months for .obtaining construction permit and 60
months for actual construction and is taken as an arbitrary reference
for comparative studies in this section

The overall schedule is shown in summary form in Figure 4-63
It indicates time span of 60 months beginning with the issuing of

construction permit and ending with initial fuel loading It is subdivided
by major structure areas reactor building auxiliary building fuel
handling building radwaste building diesel generator building control
building turbine building and structures associated with the circulatory
water system It is assumed that all substantive site construction is
started upon receipt of the construction permit and two years is arbi
trarily assumed between the time of filing Preliminary Safety Analysis
Report PSAR and receipt of the Construction Permit CP

Year of commercial operation
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Approximately eight weeks after receipt of the Construction Permit
site preparation has proceeded to the point that excavation for the major
buildings can be started Sequences 35 49 62 and 105 Construc
tion of the condenser cooling water system is started concurrently This
system the radwaste building the diesel generator building the fuel

building and the control building are usually not limiting items they can
be completed on schedule that makes the most efficient utilization of

resources at the site and are not discussed further

In all the buildings after the foundations are completed forms for
walls and floors are built rebar is placed and concrete is poured form
ing the buildings up to the point that the first major mechanical equipment
can be installed In the reactor building this is the recirculation piping
installation of which starts 71 weeks after construction starts Sequence

Installation of other piping Sequence 16 begins 96 weeks after
start of construction and extends for 121 weeks Similarly the instal
lation of electrical equipment and cable pulling Sequence 18 begins
about 104 weeks after start of construction and also continues for 122
weeks These are large blocks of work and are key items in determin
ing the overall construction cycle

Erection sequences for containments are tailored to fit the
delivery of large pres sure vessels which in the BWR is the reactor
pressure vessel This is Sequence 25 and takes place in week 266 or
162 weeks after start of construction This is also key item in the
schedule for several reasons buildings must be left open or partially
completed to receive the vessel substantial amount of piping and elec
tricial work cannot be completed until the vessel is in place and it is the
largest lift that must be made BWR vessels for plants in the 1220 MW
range weigh approximately 900 tons at the time of installation while PWR
vessels weight approximately 500 tons In BWR plants this lift is ac
complished by special crane temporarily set up for this specific lift
Other components are skidded or are placed using construction cranes
Eight to ten of these are used at construction site After the building
polar crane is installed Sequence 26 it can be used for moving some
equipment in the building but this use is limited

Construction of the auxiliary building follows similar pattern
Forms for the foundation and walls are built rebar is placed and con
crete poured carrying the building up to the point that it is ready to
receive the first major components These are the RHR heat exchangers
Sequence 43 which can be set about 123 weeks after start of construc
tion Installation of electrical piping and other mechanical equipment
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can begin about 13 weeks prior to setting the heat exchanger These

include some major piping components the completion of which requires

that both the containment building and the auxiliary building be brought

to this point simultaneously Delay in either building puts that building

on the critical path

Construction of the turbine building follows similar pattern

The predominate feature is of course the turbine generator and its

foundation After the base mat has been completed Sequence 106
and walls have been poured Sequences 108 and 109 the center section

including the turbine generator pedestal is constructed Sequence 118
and is completed in week 174 or 70 weeks after start of construction

Following this the condenser hotwells Sequence 120 the condenser

shells Sequence 122 and the turbine generator can be installed Prior

to this the turbine building walls and roof have been completed and the

turbine building crane is installed not shown This crane capacity

about 220 tons can be used for moving and placing components in the

turbine building including turbine components The generator stator

weighting about 650 tons requires special rigging Piping other equip.

ment and electrical components are installed as areas become available

In most situations the turbine building is not limiting but it can become

critical path item if the auxiliary building delays the completion of

interconnections to the turbine building

The quantities of material required to construct 1220 MW nuclear

plant are good measure of its size and complexity These may vary

considerably from plant to plant as influenced by site characteristics

special features cooling water supply etc However the following

values are representative of the material required to construct plant

using conventional techniques

Concrete 100 000 yards

Rebar 13 000 tons

Structural Steel 600 tons

Misc Steel 450 tons

Formwork 1330 000 square feet

Piping 2..1/2t and greater 96 000 linear feet

Piping 21 and under 110 000 linear feet

Wire and Cable 150 000 feet

Conduit 250 000 feet

Cable Trays 27 000 feet

Wiring Terminations 110 000

Figure 4-64 shows plant during construction Visible are the struc

tures described in the preceding paragraphs the containment buildings
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in the foreground the turbine generator foundations in the background

and other buildings in various stages of completion The illustration

is three unit plant the TVA Browns Ferry Plant using drywell
torus type pressure suppression system and steel containment struc

ture and in that respect it differs from the plant described in Section

411.2 However it shows the dominant structures in large LWR
plant is illustrative of the conventional fabrication process

11.4 Park Construction As sumptions

In order to obtain consistent bases for comparisons and to make
maximumutilization of existing information certain assumptions were
made in the studies of novel construction techniques These are as

follows

Transportation of manufactured components to the site is no more
difficult than if conventional plant siting and construction procedures

were used Rail and highway transportation of turbine generator and

other large equipment items is available The complete reactor pres
sure vessel can be delivered to the site either by barge or by special

transporter

The site terrain and provisions for condenser cooling coolant

channels ponds spray towers etc do not impose constraints on the

location of units fabrication and assembly facilities and craneways

Units are completed and placed in service at rate of one per

year Construction is initiated on schedule that will achieve this

result

Equipment materials and labor force are available when

required

Labor productivity is representative of Chicago area construction

The Reference LWR described previously is representative of

LWR plants currently being designed and constructed and may be taken

as suitable case for analysis It is recognized that variations in NSSS

configuration and containment concepts result in design variations

However plants using LWRs currently being constructed are sufficiently

similar in overall size quantity of materials used construction tech

niques construction span times and cost so that BWR designs can be

taken as representative for comparative study purposes

Stated another way the vagaries of site characteristics schedule
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and other project unique factors have greater influence on total plant
cost than does the basic light water reactor type Hence either BWR
or PWR plant could be taken as representative The BWR was selected
because of the availability of information to the authors

The design of the turbine generator plant described previously in
Section 4.11.2.6 is taken as representative of turbine generator plants
currently being designed and built in LWR plants Turbine plant designis affected by reactor type and by unique site and project requirements
However this design has been developed as standard for wide appli
cation and should be adequate for comparison evaluations

Each generating plant is essentially complete in itself and all
are assumed identical Common facilities are limited to switching and
transmission facilities railroad roadways water sources for condenser
cooling and administration and security facilities

gantry crane with lifting capacity of approximately 1000 tons
is available to move components from the preassembly areas and placethem in the plants being constructed

115 Modular Construction

In 1973 General Electric independently studied the construction
of the key buildings in nuclear power center using prefabricated com
ponents

42
In this study approximately ioo modules making up the

reactor building were identified These are illustrated in Figure 4-65Aand which show the reactor building in various stages of completion As portion of this study performed for the National Science Foun
dation Braun Co of Alhambra California brought the study ofthe reactor auxiliary and fuel buildings up-to-date and extended it to
cover the radwaste turbine and control buildings The Braun study
identified approximately 500 modules making up the five additional build
ings This work also included step-by-step evaluation of plant con
struction to evaluate the effect of using this construction method on total
construction time Results of this work are reported in Appendix Al
of this Section and are discussed in the following paragraphs

As an additional portion of the study performed for the National
Science Foundation Nuclear Services Corporation of Campbell Calif
ornia evaluated the feasibility of substituting steel and water for concrete
in areas of the plant where shielding requirements are dominant Results
of the work are described in Appendix AZ of this Section and are dis
cussed in the following paragraphs
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Jo5tarting point of thissequeflce asslahacs Step Install and anchor the reactor pedesta$-weir Step Pump in and compact all concrete for the Step Install and anchor reactor vessel assembJy

in pIacefoUflcItb0 tor ra wall steel frame Module Erect formwork and reactor pedestal-weir wall and drywell floors and Module and prepare the reactor shield wall

prefabrICatd
foundation structure move Into insIl reinforcement for shield building wall for shield buildingfoundation wall Prepare reactor Module for installation

place by trafl5P0ter or barge below grade vessel assembly Module for installation Begin installation of substructure modules for

OnlY major operations are rncluded this aäacent buildin

sequence Installation
of many small and mis-

gs

cellaneous equipment pieces and performance of

many inplace operatiOnS for connections closures

and finishing workare not defined
STARTING POINT OF SEQUENCE

SEE NOTE

Modular construction ofthe auxiIary building and 30 TONS

fuel handling buiIdflg will proceed rn parallel with Reactor building foundation mat poured 5700

the reactor building construction shown hereon yds3
eginning at Step The auxiliary building erection

Lowest course of containment in place and

sequence is shown on separate drawin anchored 400 tons 980 TONS .1

Floor liner plates 970 TONS

Structure foundation plates st in place

Reinforcing bar dowels for 170 tons
shield building walls
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---.-- \\\
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Step4 Install andanchor reactor shieldwall Module Step Install recirculating loop modules 4A and Step Install recirculating header-riser assemblies Step Install CRD ducted piping assemblies Step Install and anchor lower course shell for

and prepare recirculating loop modules 4Aand 4B on temporary supports and install andanchor Modules 5A and 5B and connecting spool pieces Modules 6A and 6B and RHR piping assembly drywell Module Fill it and shield building first

481 and hollow precast first course of shield build- hollow precast first course of shield building and prepare control rod drive ducted piping assem- Module on temporary supports and prepare course Module SB-i with concrete Connect

log Module SB-i for installation Module SB-i Prepare recirculating header-riser blies Modules 6A and 68 and RHR piping ower coursö steel shell for drywall Module for permanent steel frame and remove temporary

assemblies Modules 5A and 58 for installation assembly Module for installation installation members for modules 4A and 4B Prepare upper

course of drywall shell Module for installation

3OTONS t2ENSECH 3oTNs
TONS

60 TONS
INSTALL REINF 700 CU YDS

OF
STEEL FORvWORK 3400 IONS

770 TONS AT SHELD BLDG

545 Cu YDS

EIILO
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Figure 4-65A Reactor Building Modular
Construction 42

Steps 1-8
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Install upper course of drywell shell Module step io Weld risers and temporjy ppt Step Install platform framing assemblies Step 12 Weld in risersand temporarily suppo lve Step 13 lnsall pp support frames Modules 14A

Ste and fill it with concrete Prepare feedwater headers of FW piping assemblies Modules IOA and Modules and and install FW piping headers of steam piping assemblies Modules 2A and 14B andput steam piping on permanent sup-

ing
assemblies Modules 1OA and 108 for lOB Prepare platform framing assemblies sembli Modules 1OA and lOB on permanent 128 13A and 13B Fill second course of shield port Install shield building third course Module

stallation Remove temporary formwork at shield Modules and and precast second supports Install and anchor shield building second building wall Module SB-2 with concrete Prepare SB-3 Prepare and install SIR valve discharge

building wall joint
course of shield building wall Module SB-2 for course Module SB-2 Prepare steam piping assem- pipe support frames Modules 14A and 148 and piping and other miscellaneous piping

installation blies Modules 12A 12B 13A and 13W for precast third course of shield building Module

installation SB-3 for installation

24 TONS Ei 70 TONS

LLPEIN LNS
..

N- LII ROMWORK AT LACH

22TONS 51 77OTONS

Ji
PLACE WEI6IlT-31070 IONS tN PLACE WE6HT-311OOTONS PLACE EI6HT-319O TONS IN PLACE WIGHI-33290 TONS PLACE WI6I4T-316OtD5

Step 15 Install second course of containment shell Step 16 Pour concrete for connecting structures Step 17 Install L.C.S equipment Module 18 mid Step 18 Install fourth and fifth courses of shield

Module C-2 Install forms and reinforcement for between containment shell and shield building level platform sections Modules 20A through budding Modules SB-4 and SB-5 and reinforced

Step 14 Install temporary drywell cover Install rein- concrete structures between containment shell and Install RWCU pump rooms Module 15 Install 20C fuel service pools Module 21 and RWCU st and formwork and joints Install third course

forced steel and temporary formwork at third shield building at steam tunnel and fuel transfer lock and hatch level platforms Modules 16A tank and valve rooms Module 22 Fill joints
of containment shell Modules C-3 Prepare steel

shield building wall joint and fill third course of tube Prepare RCWU pump rooms Module 15 through 16E Install steam tunnel Module 18 between concrete modules with grout Prepare
frames Modules 23 24 and 25 for composite

shield building wall Module SB-3 with concrete lock and hatch level platforms Modules 16A and hydraulic C.U platforms Modules 17A next two courses of shield building Modules SB-4 structures over drywell for installation Prepare

Prepare second course of containment shell through 16E hydraulic CU platforms Modules through 17K Prepare liquid control system equip- and SB-5 and next course of containment shell
steam tunnel piping assemblies Modules 26A

Module C-2 for installation 17A through 17H and steam tunnel Module 18 ment Module 19 mid-level platform sections Module C-3 for installation through 26J for installation

for installation Remove shield building joint Modules 20A 20B and 20C fuel service pools

forms Module 21 and RWCU tank and valve rooms
Module 22 for installation

830
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L8X3OTONS MS

2O
TONS

ONS 90 TONS

TEICRARY 760 TONS
DRY WELL COVER

TOTAL 30 TONS TONS EACH
36 TONS

CU YDS

F20 CU YDS
200 TONS

I24O TONS 7OCUYDS 5OCUYDS
40TO0TONS

HFIO
MAX.l0

ii Pt 96iGNT 35520 tee
IN PUt 9616191 36130 16115 IN PUCE 9616191 38150 TONS

9618191 39620 IN PUa 9616191 01630 ee

Figure 4-65B Reactor Building Modular

Construction
42

Steps 9-18
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Step 19 Fill fourth and fifth courses of shield build- Step Install anchor connect and leak test pool Step 21 Remove all temporary formwork inside con- Step 22 Fill sixth and seventh courses of shield Step 23 Remove shield building formwork Remove

ing
wall Modules SB-4 and 88-5 with concrete liner box units Modules 27 28 and 29 Erect tainment Install HVAC units Module 30 hydro- building wall Modules SB-6 and SB7 with con temporary cover over drywell and temporary reac

Remove temporary drywell cover Install and internal formwork for RWCU equipment rooms sen recombiner Module 31 RWCU HXS Module Crete Install fourth course of containment shell tor vessel cover Temporarily install reactor head

anchor steel frames Modules 23 24 and 25 for Pump grout under pool liner floors Pour finish 32 RWCU filters and miscellaneous equipment Module C-4 pool level platform sections Module 36 and drywell head Module 37 Place

composite structures over drywell Weld frame to concrete for drywell roof and equipment room and next two courses of shield building Modules Modules 33A 33B and 33C fuel storage racks steam dryers Module 40 steam separators Mod-

framejointS and drywell ceiling platejoints Install
floors Pour concrete for all wall and top slab struc- SB-6 and SB-i Erect reinforcing steel and form- Module 34 and refueling platform Module 35 ule 41 and reactor head insulation Module 42 in
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In all of the studies primary effort was focused on structural

modules primarily because structures are the major limiting item in

the construction schedule and consume large fraction of the construc
tion manhours Some equipment modules were also identified in areas

in which basic arrangements appeared to be amenable to pre-assembly

reactor recirculating loop steam lines reactor feed pump manifold

etc but the amount of design effort that would be required to optimize
all piping systems modules was outside the scope of these studies

In the three studies mentioned above it was not possible to develop
an overall concept for modularization of electrical components compar
able to that done for mechanical and structural components There are

opportunities to integrate electrical components into number of mech
anical modules the recirculation pump module the standby liquid control

system etc and substantial amount of prewiring is possible in the

control room This amount could be expanded greatly if the large steel

auxiliary structure module AB-5a and AB-5b in Appendix AZ were
utilized The problem of large scale electrical modularization is corn
plicated by the basic building arrangements which require cable runs

over long distances and by safety criteria which lead to physical separa
tion of electrical components and currently do not permit tplug_int

type connectors in critical circuits

Consequently the schedule sequences for all buildings indicate

substantial periods of time for activities labelled t1lnstall miscellaneous

electrical equipment pull cable and connect It is believed that these

could be substantially reduced by further study and design It should be

pointed out that the plant arrangements used as basis for these studies

were developed as an optimum for conventional construction techniques

generally rather than for extensive modular construction of any kind

The plant erection process can best be visualized by examining
the schedules of Appendix Al and the referenced figures The basic

procedure is that of building up structures from prefabricated or pre
cast shapes and slabs and installing mechanical equipment and equip
ment modules in rooms as they are formed The basic process permits
work to begin and proceed in parallel in many areas simultaneously and

independently As result the study indicated that the reference plant
built using modular construction could be completed in 44 months
saving of 16 months over the time required to construct the same plant

using conventional construction methods The effect of other economies

achievable through modular construction are evaluated in other sections

of this report Savings in direct and indirect manhours are anticipated
for the following reasons
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Work performed in the prefabrication areas and module shops

is largely indoors and subject to minimumeffect from the weather

Work on the modules is done with specialized tools jigs fixtures

hoists positioners etc which are readily available to the work

men at the work stations and arranged for work accessibility

Inspection and other QA related activities can be more effectively

performed in the module shops than in the plant buildings and

the percentage of rejections and rework is expected to be sub

stantially less Radiographs and other NDT procedures can be

completed on pipe subassemblies in the module shops some piping

sub-systems can be hydrotested some complete systems such as

the standby liquid control system can be functionally checked

interconnected panels can be checked for proper circuitry and

electrical characteristics etc

The work which remains to be completed in the plant buildings

will be done more efficiently because of reduced worker congestion

There is no background of historical information on which to base an

estimate of the direct labor savings that can be achieved using construc

tion modules rather than conventional methods However studies made

on large chemical processing plants and data accumulated to date indicate

that productivity is increased by factors ranging from 1.5 to when work

is moved from the plant buildings into the module shops with the work

done in both areas under the same union agreement

The study reported in Appendix Al covered all the major buildings

in the plant In executing the work so that direct comparison between

construction schedules could be made no attempt was made to redesign

the arrangements and structures The buildings are divided into the larg

est elements which could be handled by the large gantry crane and which

were compatible with structural requirements and the erection sequence

These elements predominantly concrete slabs and steel-concrete com

plexes are identified in Appendix Al

In the study schedule was developed for modular construction

of the nuclear island buildings and the turbine building The study was

performed in sufficient detail to give preliminary
identification of the

major structural and mechanical modules The construction sequence

and time span required for each step of the work is presented in bar

chart schedules As noted above the overall construction time for

single 1220 MW unit was found to be about 44 months from the start of

excavation to completion of pre_operatiOfla tests and the start of fuel
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loading

Usage requirements for the large gantry crane were investigated

It was assumed that the gantry would be used to transport nd place all

modules heavier than 200 tons It was also assumed that construction

of successive units would start at twelve-month intervals so that

construction would be underway on several units simultaneously The

schedule analysis showed that single gantry can service all heavy

modules for block of four to six units

The study presents an estimate of the degree of modularization

that can be expected for each building subdivided into structural mech
anical and electrical labor Experience has shown that improved labor

productivity can be achieved in module prefabrication Productivity

factors range from about to depending upon the type of work

In the study reported in Appendix A2 an evaluation was made of

the effect of using steel shells filled with water for shielding in lieu of

poured-in-place or precast concrete To provide the equivalent amount
of shielding it is necessary to increase the wall thickness by factor of

approximately two This fact precludes using the reactor building for

evaluation because an increase in shielding wall thickness would require

changing the drywell size basic piping arrangements the containment

and shield building diameters the configuration of water in the suppres
sion pool and would also require re-evaluation of transient behavior of

the containment during postulated accident conditions an effort beyond
the scope of the study For this reason the auxiliary building was
selected for study

As pointed out in Appendix AZ some concrete walls are retained

only where necessary for structural purposes or to provide external

missile protection The steel modules are relatively light at the time

they are moved from the fabrication shop to the plant building shielding

water being added after they are set This feature makes it possible to

use very much larger modules without exceeding the capacity of the

large gantry crane Specifically it appears possible to fabricate the

RCIC pump room and lower portions of the RHR rooms Module AB-l
the steam tunnel walls Module AB-3 and the upper floors of the east

and west wings of the auxiliary building Modules AB-5-a and AB-5-b
as complete subassemblies The fabrication and placement of these

large steel structures resembles practices used in shipyards where
hull sections and complete deck houses are handled in this manner
The building wings Modules AB-5-a and AB-5-b have particular appeal
because they provide an opportunity to pre-install and connect much of

the equipment that they house principally HVAC and electrical equipment
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tabulation of the major auxiliary building modules and their size

is given in Table 5-1.1 in Appendix 4.A2 Using these the study indicat

ed that the auxiliary building could be completed in 34 months compared

to 44 months using all concrete modules This analysis was made assum

ing that work could proceed on the auxiliary building entirely independent

of work on other buildings and in that respect is not realistic However

the conclusion can be drawn that the lighter weight of steel/water modules

can be utilized in power park with appropriate fabrication facilities to

achieve substantial schedule improvement The concept is sufficiently

promising to warrant further study

411.6 Construction Facilities

4.11.6.1 SITE ARRANGEMENT Fundamental elements in the modular

approach to construction are the facilities in which the modules them

selves are fabricated These include shops for processing basic con

struction materials rebar and structural steel mill lengths of pipe

wire and cable on spools etc into proper shape and size shops for

the assembly and testing of piping and mechanical modules the facilities

for forming concrete modules etc These are described in this section

covering one arrangement that could be used in four or six plant

complex

This arrangement of shops and plants is shown in Figure 4-66

This configuration is laid out to make maximum utilization of the large

gantry crane which spans all of the plants and straddles the cement

casting yard At right angles to the gantry crane way is transporta

tion corridor into which modules from the component shops are moved

to position for pickup by the large gantry This movement is done

using local yard cranes or special dollies or transporters number

of various types including multi-wheeled rubber tire and air cushion

ed vehicles have been developed and used in construction work during

recent years 13 The concrete casting yard is located directly under

the gantry crane in order to minimize double handling of the large

number of heavy concrete structural modules

This arrangement is laid out assuming that the construction

sequence calls for units to be built in the sequence
and

starting and finishing in that order This is necessary in order to

minimize the number of times that it will be necessary for the gantry

to move heavy load over an area in which work is in progress An

examination of the construction schedules in Appendix Al shows that

the majority of the heavy modules are moved and set in place during

the first 24 months so that the number of times that modules must be

carried to Plant after construction has begun on Plant is mini
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mized This is also true for and and etc The exceptions

are some parts of the reactor building Modules R43 R44 and R48
the fuel building Module F23 the auxiliary building Module A-20
the radwaste building Modules W21 W22 W23 W24 W25 W27 and

W28 and the turbine building Modules T.-7l and T-72 It is possible

to schedule this limited number of moves so that they are made during

off-shift times when the underneath1 construction site is not occupied

If construction were done on three shift basis it would be necessary

to schedule the heavy lifts during shift change periods or to clear the

site when heavy loads are being made overhead Because their number

is small the effect on overall schedule should be insignificant The

schedules in Appendix Al were developed assuming one shift per day

construction providing ample time for crane movement during the

nine month period when construction at Plant and Plant might

interfere

The large gantry crane is key element in the total site arrange

ment and is fundamental to the modular construction concept Cranes

of this size have been utilized in shipyards and their application to the

power park concept has been evaluated 42 Because of its importance

in the overall construction schedule study was made of the total

number of heavy lifts required for plant construction using the concrete

modules described in Appendix Al From this study it was concluded

that single gantry crane would have the capacity to move modules to

about six to seven plants in the configuration shown in Figure 4-66

Beyond this number limitations in crane travel time and overhead

passage would becoming limiting Additionally the possibility of identi

fying site suitable for more than six or seven plants strung out in

straight line could not be assumed The assumption that the gantry

crane carrying heavy load could be rotated on turntable or switched

onto branch track would open up many alternates for the construction

facility layout However these alternates were not considered because

the technical feasibility of this concept has not been demonstrated In

site utilizing larger number of plants located so that they could be

supplied from common central module fabrication shop complex
second gantry crane and another set of tracks could be justified econom

ically and alternate overall shop-plant configurations could be developed

To be meaningful the determination of an optimum fabrication facility

in terms of scope and arrangement would be performed after site char

acteristics and limitations have been clearly identified

In laying out the size and arrangement of shops shown in Figure

4-66 it was assumed that basic incoming material is essentially identical

to that which is received at conventional construction site and that

this material is fabricated into modules at rate that would support the
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construction of plants at the rate of one completion per year It was also

assumed that the site characteristics were such that the optimum location

for these shops is within the boundaries of tthe site This assumption
was made in the absence of specific information regarding the availability
of barge transportation between the theoretical site and the postulated
module factory

In some specific cases in which modular construction has been

utilized in petrochemical plants the module shops were removed from
the construction site as little as one mile in one case and several thousand
miles in other cases The relationship is greatly influenced by the meteo
rological and geophysical characteristics of the construction site the

availability and cost of labor at the construction and at the factory site
and the means of transportation available between the two sites To evalu
ate the optimum location for module plant trade-off evaluation would
have to be performed which took into consideration the cost and availability

of labor cost of transportation utilization of resources and organization
institutional and legal considerations of the module factory located at the

site contrasted to different and possibly remote location Such an evalua
tion is beyond the scope of this study For these reasoiis feasible case
locating the module shop at the construction site was taken as the refer

ence case

The shop buildings and all other manufacturing components which
make up the factory will be designed so they can be dismantled after

period of five or six years moved to another site and reassembled as

required to produce modules for another series of plants

Figure 4-66 shows preliminary arrangement for one of the proposed
construction sites As previously mentioned the overall configuration is

somewhat like the figure with row of power plants forming the cross
bar and factories and shops making up the support column

With the design the plants will be laid out in straight line with

adjacent units placed end-to-end for lateral distance of approximately

one mile The 1000 ton gantry will have crane span of 420 feet in order

to straddle the plant buildings and will run from one end of the assembly
line to the other

The on-site factory area will be located at the mid-point of the power
plant assembly line view of Figure 4-66 shows how all of the shops and

manufacturing areas are laid out along central avenue which includes

heavy load rail transporter This transporter will be able to move 1000

ton modules from the factories and shops down the central avenue to
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pickup spot which will be located directly under the main crane From

here the module can be carried to any of the required sites

As shown by the sketch the space on the near side of the plant

line has not been utilized This area has been left clear in order to pro
vide for plant cooling facilities as cooling ponds cooling towers etc

11.6.2 CRANES AND TRANSPORTERS One of the most important

components which will be used during construction of the power park will

be the 1000 ton capacity gantry crane This crane will have span of

420 feet and crane height from rail leve1to the underside of the bridge

of approximately 220 feet For six unit plant site the overall length of

the crane run will be approximately 8000 feet

In addition to the main crane there will also be several other

transporters which will be used for moving modules from place to place

One of these will be rail transporter which will move through the

central factory area to pickup spot located directly under the main crane

This transporter will have flatbed steel frame mounted on series of

steel railroad wheels or trucks The 3000 foot long railway will consist

of several sets of rails as required to provide for uniform distribution of

the 1000 ton loads It will be moved by either donkey engine or cable

windlass system

Smaller modules in the 400 to 600 ton range will be moved from

shop or assembly area to the plant sites by means of multi-wheeled

rubber tire transporters These transporters will be towed by tractors

and since they are equipped with hydraulic steering system they can

be easily maneuvered around corners and turns Extra heavy or very

wide loads can be accommodated by joining together two or more of these

transporter units as required

In addition there will also be significant number of trucks

trailers and mobile cranes available at all times to insure steady

flow of materials and equipment

For this first evaluation it was assumed that first class rail

service would be available at the site The main spur line will be laid

out so it is directly under the main crane for the full length of the plant

assembly line With this arrangement heavy equipment and smaller

modules which have been fabricated at other locations can be delivered

directly to the plant site by rail and then positioned with the gantry

crane second spur will be provided to service the major fabrication

shops and warehouses so as to provide means for steady supply of

incoming materials and equipment
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11.6 FACTORYANDASSEMBLYAREAS The onsite factory will con
sist primarily of series of moderately equipped fabrication shops
concrete batch plant and precast yard The main purpose of this

factory will be to manufacture large quantities of completed unit modules
and other subassemblies which can be used to construct series of
nuclear power plants complete listing of the fabrication shops and
concrete facilities is provided below along with several brief descriptions
for some of the more functional areas

complete fabrication shop will not be provided for
this facility since nearly all of the major piping components will be
fabricated offsite and shipped in as spools Work in the shop will con
sist of joining spools together to form larger sections and building up
piping subassemblies by adding on valves pumps hangers and supports
etc In addition some prefabrication work will be done for the secondary
and auxiliary systems

Approximate Size 60 000 sq ft 65 ft high bay
40 ft low bay

Steel Fabrication Shop Work will consist of receiving handling
fabricating and assembling much of the steel structures required for

constructing the plant including foundations crane supports module
frames pool liners tanks and miscellaneous structures

Approximate Size 55 000 sq ft 65 ft high 45 ft low bay

Nuclear Component All of the NSSS except the RPV will be

received cleaned and inspected in this shop Many of the components
for the various auxiliary systems will be joined together to form large
subassemblies or completed system modules

Approximate Size 50 000 sq ft 60 ft single level

T-G Assembly Platforms Sections of the main turbine unit will

be preassembled on special platforms which are located in the general
assembly area directly under the main crane As soon as the sections

are completed they will be picked up by the main gantry and delivered
to the individual sites as required The assembly platforms will be

rugged concrete structures which resemble shortened T-G pedestal

Mechanical Module Assembly Area The mechanical assembly
area will be located near the shops and the rail transporter system
It will serve as combination buffer and storage area and also provide

space for combining subassemblies and small modules into large and
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heavier units prior to transporting to the plant site for final

installation

Approximate Size 40 000 sq ft

Concrete Shop The concrete shop will consist of three separate

facilities including batch plant rebar assembly area and precast

yard Concrete mixed at the batch plant will be moved to the precast

yard and the various plant sites by means of conveyor belts or mixer

trucks The precast yard will be located directly under the main gantry

crane in order to facilitate lifting and transporting of the heavy modules

Approximate Size/Capacity

Batch Plant 200 cu yds /hr

Precast Yard 230 000 sq ft

Rebar Assembly Yard 270 000 sq ft

Other Shop Areas and Enclosed Facilities

Electrical Shop 40 000 sq ft

Sheet Metal Shop 25 000 sq ft

Rigging Shop 10 000 sq ft

Paint Shop 15000 sq ft

Garage and MotGr Pool 500 sq ft

Warehouses units 60 000 sq ft each

Project Office Cafeteria Offices 100 000 sq ft

Cafeteria 6000 sq ft

Total Cove red Work pace and Spport Facilities

Approximately 524000 sq ft

The shops were sized based on onventional construction experi

ence particularly the concrete facilities and various indices used to
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prepare estimates of fabrication and manufacturing facilities for

business planning purposes

11.7 Other Construction Economies

The studies completed to date have drawn on the experience of

manufacturers architect-engineers constructors and utilities and
have identified many opportunities for reducing the cost of nuclear

power plant generally and more specifically plants constructed in

power park However limitations in funding scope and resources
available to these studies has made possible only rough approximation
of the possibilities for cost improvements The studies have dealt with
technical aspects of the design and construction of nuclear power plants
Within this context the following areas have emerged in the course of
the studies completed to date as opportunities for further reduction in the

resources required to complete nuclear electric generating plants in

power park complex

11.7 DESIGN FOR MODULAR CONSTRUCTION To date all studies
have started with an arrangement of buildings and structures designed
basically to be built using conventional construction techniques These
generally represent compromise between spaciousness to provide
room for operational considerations and compactness to minimize the
cost of materials Experience to date in the petrochemical field indi
cates that modular construction methods if used must be anticipated
in the total plant design beginning with basic arrangements and continu
ing to the definition of all the significant construction modules It is

believed that additional economies could be identified and achieved

through the development of design specifically for modular construction

11.7.2 EXPANDED MODULARIZATION Studies to date have concentrated
on structural modules primarily and mechanical equipment secondarily
with little effort being devoted to electrical modules and subsystem
modules comprising electrical and mechanical components Inasmuch
as the electrical work in nuclear power plant requires 15% to 20% of
the total manhours required to complete plant it is believed that sub
stantial additional savings could be achieved in this area

11.7.3 MODULAR SHOP FACILITIES This study identified at least ten

component shops which are assumed to be located at the site and served

by the large gantry crane The size and cost of these shops were esti
mated using very rough rules-of-thumb for industrial facilities As the
number of units built at common site increases greater expenditure
for facilities can be justified to reduce labor manhours It is believed
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that further study can develop an optimum facility investment corres
ponding to or 20 unit parks that could be shown to reduce the
construction manhours and total cost

11.7.4 MATERIAL LOGISTICS The ability to move large subassemblies
and modules in the park complex and the equipment to accomplish this
becomes limiting item in park arrangement layouts and in construction
schedules limited physically by the mobility of the large gantry crane
and by the expense of other large mass transporters Consideration
should be given to concept in which the plant in various stages of

completion can be moved from one work station to another in the manner
proposed by Offshore Power Systems for the construction of floating
power plants The concept of power park comprised of plants
floating in body of water which is both the ultimate heat sink and the
means of transportation has not been examined in this study and may
have fundamental advantages in schedule and construction efficiency

11.8 Conclusions and Recommendations

The three studies which evaluated modular construction pointed
out the opportunities for substantial savings in terms of schedule and
manpower that could be realized in the construction of nuclear power
plants by the use of construction techniques which are more or less
novel to the nuclear industry It is significant that the petrochemical
industry has been more progressive in applying these procedures than
the nuclear industry There are numerous reasons why this difference
should exist not the least of which is the long and ever lengthening
time required to design license and construct nuclear generating
plants In addition the necessary emphasis on safety and safety
features has tended to concentrate attention and resources in safety
related areas and indirectly has created an atmosphere not conducive
to construction innovation

It is recognized that all three of the studies are somewhat in
consistent in that they compare projections against established facts
However the projections are supported by parallels in other industries
so that the conclusion must be drawn under the right circumstances
substantial savings could be realized in the construction of nuclear
power plants through modular construction

As pointed out in Section 4.11.6 Construction Facilities con
struction modules require the comn-ütment of resources for permanent
or semi-permanent facilities the cost of which are offset by savings
in direct labor and related financing costs The trade-off between

4-300



early investment costs and subsequent labor costs is complicated and
influenced by money factors as discussed In addition modularization
to be effective requires that plant designs be developed anticipating
that modular construction techniques will be employed Considering
all these factors it is recommended that any subsequent studies of
nuclear power parks include the following elements

The definition of specific site or limited number of specific
sites with the topography seismology cooling water sources
power grid connections and potential transportation facilities
well identified

The option to modify basic arrangement concepts to accommodate
optimum construction procedures

Determination of optimum module size content and configuration

Investigation in greater detail of fabrication facilities and their
location

Consideration of innovative means for electrical construction

Active participation by utilities or utility groups whose power
systems could accommodate the large blocks of energy that
power parks would make available
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SECTION

INTRODUCTION

THE COST PROBLEM

At the present time the high cost of nuclear power
plant construction is causing serious financing problems
for the utility community The result is curtailment of
nuclear construction in periodwhen the national interest
would better be served by expanded activity Still another
result has been great interest by the nuclear industry
in exploring alternatives to conventional construction
methods as means to shorten construction schedules and
improve construction efficiency

Power Center

The Nuclear Power Center is concept that offers
significant potential for cost and schedule reduction The
plan proposes the building of number of identical nuclear
plants four or more at single site The concept of
repeated duplication clearly reduces the costs of
engineering procurement and licensing The added feature
of single site for several plants makes possible important
opportunities for improved efficiency These.are described
in the General Electric Report NEDE 13995

NEDE 13995 proposes extensive use of prefabricated
construction modules as means to reduce construction costsThe savings are achieved through the use of improved toolingand facilities the reduction of labor congestion and the
shortening of the overall construction schedule for each
power plant in the nuclear center

THIS STUDY

The purpose of this study is to explore further thern
potential advantages of the use of prefabrication and
modular construction The scope of the study includes the
following activities
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Develop sequential schedule for modular
construction of the nuclear island buildings
and turbine building for one typical 1220 MW unit
of power center consisting of four or more units

Use the modules developed in NEDE 13995 for the
reactor building Supplement them with similar
modules for the remaining buildings

Examine the schedule for the heavy lift equipment
including the typical unit and subsequent units at
the site

Develop the facility requirements for the
manufacture of the pre-cast concrete structural
modules

Prepare recommendations for future study work

Initial Assumptions

Several premises have been adopted to define the work
and to ensure that the results will be consistent with other
studies

The reactor is 238-inch BWR/6 with nominal
1220 MWe capacity

The nuclear island design is the General Electric
STRIDE concept now being developed in detail

The turbine building design is the Braun SAR
concept now docketed by the AEC STN 50-532 as
standard plant facility compatible with the
238 BWR/6

Plant construction will include the use of
prefabricated modules as described in NEDE 13995

The following simplifications will be assumed

All engineering is complete
Equipment and materials deliveries will not

be limiting
Construction manpower will not be limiting
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SECTION II

SUMMARY

Following the premises described previously modular
construction schedules have been developed for six major

buildings

Reactor building
Fuel building

Auxiliary building
Radwaste building
Control building
Turbine building

MODULARI ZAT ION

The technique of construction utilizing major
prefabricated mechanical and structural steel modules is

already in use Studies and design work for petrochemical
projects and field work in refinery construction show that
cost and schedule savings can be achieved in specific cases
The use of prefabricated reinforced concrete modules for

residential and commercial buildings has been extensively

applied The use of massive concrete modules for seismic

Category structures however is new

Structural Joints

The basic problem in the use of concrete modules is not

prefabrication or rigging of the modules themselves Rather

it is the joining of the modules by structural joints that
will transmit loads and forces from one module to the next
and to the foundation base mat All tensile and most shear
loads must be transmitted through reinforcing steel In

selecting the concrete module configurations for this study
the need to minimize the number and extent of tension joints
was considered carefully In certain cases critical
structures were planned to be cast in place to avoid the

structural joint problem
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HEAVY LIFTS

All lifts over 200 tons will be made with singlegantry crane serving probably four to six 1220 MW unitsstudy was carried out to determine gantry crane usageassuming that successive units will start construction12 months apart The conclusion reached is that cranerequirements can be fulfilled by single large gantrywithout schedule delays

CONCRETE MODULE FABRICATION FACILITIES

large casting area will be required to carry outforming rebar placing Pouring and curing of the precastconcrete modules An analysis of space requirements wasmade It was determined that the casting area will fitbetween the gantry rails so that all heavy concrete modulescan be serviced directly by the gantry without supplementaltransporters

FUTURE

The scope of this study did not allow in-depth studiesof many questions that arose number of the moresignificant problems are listed as recommendations forfuture study
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SECTION III

CONCLUSIONS

In this study the following conclusions were reached

Modular construction is practicable method for

building generating units in nuclear center

The critical buildings for each 1220 MW unit can
be completed in about 44 months from the start of
excavation to the point of readiness for fuel

loading

The use of prefabricated reinfored concrete
modules is necessary and practicable step in

achieving 44-month schedule

single large gantry can handle all of the

heavy lifts for group of generating units
starting sequentially at 12month intervals

The casting area can be located so that all heavy
concrete modules can be lifted and handled by the

gantry without additional transporters

The degree of modular prefabrication that can be

accomplished appears to be sufficient to offer
overall cost savings in nuclear center
construction
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SECTION IV

DISCUSSION

GENERAL CONS IDERATIONS

The building designs used in this Study are taken fromtwo sources The nuclear island building configurati5 arebased Ofl STRIDE which is the latest design incorporating theGeneral Electric 238 boiling water reactor BWR/6 Theturbine building design is taken from Braun SAR

Turbine Building

The turbine building in the Braun Co SafetyAnalysis Report Braun SAR is standard design engineeredto be used with the General Electric 238 boiling waterreactor BWR/6 and standard reactor island concept Theturbine building design includes the building itself and allequipment components and systems within the buildingBraun SAR is presently under review by the Nuclear
Regulatory Commission Docket Number STN 50-532

The building is reinforced concrete and steelstructure 238 feet long by 135 feet wide The basement levelis at -24 feet the operating floor at 50 feet and theroof at 114 feet The building is arranged with the longaxis radial to the reactor island One end of the turbinebuilding abuts the auxiliary building and connects to itwith continuous tunnel

The turbine generator is located at the operating floorlevel The turbine is tandem compound six flow unit withone high pressure and three low pressure sections Thegenerator rated at 1220 MW is directly coupled to theturbine

The main condenser is three shell multipressureunit extending from the basement level to the turbineexhaust hoods Tube axis is transverse to the turbine axisCondenser design presumes the use of cooling towers
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The condenser off-gas system consists of mechanical
vacuum pumps for pull-down or hogging two stages of steam
jet air ejectors condensers recombiners gas cooler
charcoal adsorbers and filters all located at the basement
level or the first floor above

The condensate and feedwater system comprises all
equipment needed to pump heat and condition condensate as
it flows from the hot well through the last heater Pumping
is effected through three stage condensate pumps booster
pumps and feedwater pumps

Each stage consists of three parallel pumps The
boiler feed pumps are turbine driven All others are motor
driven The heating cycle includes six stages of
regenerative feedwater heating The exchangers for the
three low-pressure stages are mounted in the condenser necks
The fourth stage is deaerating heater located at the
operating floor with the storage section immediately below
The fifth and sixth stage heaters are vertical shell and
tube exchangers Deep mixed bed demineralizers are
provided for full-flow condensate polishing

The various auxiliaries for regeneration of the
demineralizer resins are located at the 16 ft floor elevation
These include the regeneration vessels caustic and acid
tanks hot water tank ultrasonic resin cleaner and the
necessary pumps Also at this level are the lube oil
reservoir the hydraulic power unit for the turbine control
and bypass valves the isolated phase bus ducts and bus
cooler

At the feet elevation are the hydrogen analyzer
and off-gas sampling system Here too are most of the
auxiliary equipment for the off-gas system such as the
glycol cooler the off-gas heat exchangers and the
recombiners rail track spur enters the turbine building
at this level

At the basement level 24 feet are the closed
cooling water pumps heat exchangers chemical treatment
tank and surge tank Here too are the electric heated
auxiliary boiler service and instrument air compressors and
receivers and the condensate transfer pumps

Various electrical components are included in the
turbine building in addition to power and control cable
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systems These include the 250 volt battery for loadsoutside the nuclear island the 6.9 kV switch gear and the480 volt switch gear and motor control centers for loadswithin the turbine building

All air conditioning fan coil units and exhaust fansare mounted on the roof top The water chillers andcirculation pumps are located at the basement level

MODULAR CONSTRUCTION

Modular construction is method of building largestructures by assembling and joining smaller sub-structuresor modules The unique feature of modular construction isthat it expands the work area Permitting more effective useof labor and tools This technique has been used extensivelyin Shipbuilding and more recently in the construction ofcommercial buildings and process plants

Process Plants

Brauns experience with modular construction includesthe following activities

Construction Planning studies for the SyncrudeTar Sands project at Lake Athabasca in northernCanada

Design fabrication and installation of pipewaymodules for the Imperial Oil Company
refinery at Edmonton Alberta

Construction Planning for modular constructionat the ARCO shale oil plant at Parachute CreekColorado

Construction planning and detail design ofmodularized fertilizer plant for CollierChemical The modules will be fabricated atAnacortes Washington and installed at KenajAlaska

The modules for process plant construction consistusually of structural steel frames to which are attachedequipment Piping ladders and platforms instrumentation
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conduit cable trays and lighting fixtures These in
general are similar to the equipment modules described in
NEDE 13995 Concrete modules are not used in process plants

Concrete Modules

The proposal to use prefabricated reinforced concrete
modules for buildings with rigorous seismic design
requirements is new concept While the module fabrication
itself is simple the problem of the structural joints
between modules is more difficult In essence most of the
joints must be designed to transmit loads from the rebar in
one module to the rebar in adjacent modules This can be
done in at least three alternative ways

Make the joints wide enough so that rebar loads
can be transmitted by simple overlap The
requirements are defined in the ACI standard
This leads to joints as much as 12 feet wide

Connect the ends of the protruding rebar together
by the Cadweld technique This method requires
very close control of rebar location which would
be difficult to attain

Install continuous plate to the edge of one
module Let the rebar protrude from the adjacent
module to meet the plate In making the joint
fasten the protruding rebar to the plate with
B-series Cadwelds Dimensional tolerances in this
case can be controlled rather simply and rebar
location is not critical The joint in this case
is about feet wide This is practicable
method

CONSTRUCTION PROCEDURE

The concept of modularized construction envisions the
work being carried on concurrently in two adjacent areas at
the site One area is the power plant area The other is
the module fabrication area
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Power Plant Area

The power plant area will consist of four 1220 MW plants
arranged in line and serviced by single large gantry crane
with capacity of about 1000 tons The parallel gantry
rails will be about 400 feet apart placed on opposite sidesof the power plant area

Module Fabrication Area

The modules will be assembled in module fabrication
area arranged conveniently close to the power plant area
The fabrication area will include number of facilities
such as the following

Concrete batch plant
Concrete module casting yard
Rebar cutting and bending area
Steel fabrication shop
Pipe shop
Electrical shop
Nuclear components shop
Rigging shop
Paint shop
Sheetrnetal shop
Garage/motor pool area
Condenser assembly area
Turbine-Generator assembly area
Warehouses

Open storage areas

Construction Secuences

The general construction procedure for each power plantwill start with excavation work for the various building
foundations Next the base mats are constructed Then the
first course of exterior and interior walls are brought in
as prefabricated modules and placed on the mats Structural
joints to connect the wall modules are constructed and
basement level equipment modules are rigged into place Atthis point the second level floor slabs are brought in and
installed

This procedure is continued floor by floor In each
case the equipment piping and other mechanical modules
are installed before floor above is placed in position
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Successive courses of exterior and interior walls are rigged
into position when needed to support the structures above

Work starts quickly on electrical installations piping
connections and other components that cannot be
modularized Here again the sequence is from the bottom up
By extensive use of prefabrication work areas become
available quickly and labor congestion is reduced

Finally the superstructure and roof modules are
installed Cleanup work is completed systems are flushed
and pre-operational testing is carried out

CONSTRUCTION SCHEDULES

Construction schedules for the five key buildings in

the nuclear island and for the turbine building are
presented in Figures 4-8 through 4-13 schedule for the

diesel generator building was not prepared since the

structure is relatively simple and does not fall in the
critical path of construction In the building schedules

shown each construction step is labeled and numbered

consecutively

In developing the schedules the sequence was
established by building from the bottom up in rational
fashion Duration of the work bars was determined by
analysis of the work to be done and by cross checking with

conventional construction schedules Coordination schedules

were also prepared to ensure freedom of interference between
work in adjacent buildings In the case of unmodularized
work which includes for example much of the electrical work
heavy reliance was placed on comparable conventional
schedules

Modules for the reactor building are described in

NEDE 13995 Modules for the other buildings were selected
with due regard for size and for special requirements For

example the turbine pedestal cap is cast in place to ensure

complete rigidity

Arrangement drawings showing the location of

important structural modules are given in Figures 4-1

through 4-7 In these drawings the modules are identified
with numbers corresponding to specific steps in the

construction schedules

4-330

---



summary of weights of structural modules is givenfar the reactor building fuel building auxiliary buildingand turbine building in Tables 4-1 through 44 Structuralmodules for the radwaste and control buildings are similar

GANTRY CRANE

The 1000 ton gantry crane will be used to rig allmodules larger than 200 tons and many of the smaller unitsas well study was made to determine whether singlegantry could perform all heavy lifts All major lifts forsingle power plant were plotted on schedule sheet Thenthe requirernen5 were plotted for the succeeding units eachstarting 12 months after the one ahead of it

The study showed that single gantry is sufficientNo operation C0flf1ct with the schedules shown by morethan fraction of week In addition it was found thatthe gantry will also be available for transporting andrigging some of the smaller modules

CASTING YARD

The casting yard for fabrication of the reinforcedConcrete modules is an extensive facility It consists ofconcrete paved area roughly 400 feet wide by 1300 feetlong The pavement will be used to form one face of theslabs poured on it It is envisioned that most of verticalforms will be reusable and made of steel

In module fabrication the cut and bent rebar will bePositioned The vertical forms will be set up Then theconcrete will be poured In the case of flat slabs ofsimilar shape it is planned to pour them one on top ofanother to height of about feet The top of one slabroweled smooth and coated with mold releasing compoundbecomes the bottom form for the slab above

Most of the heavy modules are concrete For thisreason it is planned that the casting yard will be locatedbetween the gantry rails where the modules can be lifteddirectly without the use of transporters
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CONSTRUCTION LABOR REQUIREMENTS

The use of modular construction will reduce overall
labor requirements as compared to conventional construction
The advantage arises from the improved productivity in
module fabrication Better tooling accessibility to the
work repetitive work tasks and to some extent improved
morale all contribute to high productivity in module
fabrication

The overall effects of modularizatjon on direct
construction labor can be arrived at in two steps First
the degree of modularization is determined This breaks the
construction labor into site work and module fabrication
work Second the productivity improvement is determined for
the module fabrication work It is assumed that
productivity for site work is the same as for conventional
construction

Table 4-5 shows the division of work between the
construction site and the module fabrication area The work
is classified first by building and second by labor type
or discipline The division of work is based on work units
or in other words productivity factor of 1.0

Table 4-6 shows also the expected labor productivity
for that portion of the work done in the module fabrication
area

FUTURE WORK

During the course of this study many questions arose
which could not be investigated in detail few of these
should be studied further

Structural Joints

Design of the structural joints between adjacent
concrete modules requires further investigation series
of typical joints should be studied carefully to determine
optimum designs with regard to cost schedule and quality
control
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Electrical

Very little can be done by modularized Construction toimprove the efficiency of electrical labor carefulstudy should be made of the complete electrical installationprocedure The purpose should be first to identify thespecific operations that require large manhour expendituresThen the Potential solutions Should be explored such asimproved tooling better materials handling moreconvenient drawing presentation and improved componentdesign

Me ha ica Module abr ca io

The types of work to be done in the fabrication ofmechanical modules is reasonably apparent more detailedstudy Should be made however of the flow of work and thespecific needs for space shelter tooling transportersand handling equipment

Arrangeme
In this study the concept of modularization wasadapted to an available design prepared for conventionalconstruction It seems likely that further advantages incost and schedule could be achieved if the basic design ofthe buildings and their arrangement were optimized formodular construction conceptual design study of thistype aimed specifically at modular construction should bemade
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TABLE 4-1

STRUCTURAL MODULES
REACTOR BUILDING

SCHEDULE MODULE DESCRIPTION

R-5 Reactor pedestal and weir wall frame 650
R6 SBi Shield building wall 770
R-8 Reactor shield wall with concrete in 970

place
R-9 Drywell steel shell lower course 510
R-12 SB-2 Shield building wall 770
Rl4 Drywell steel shell upper course 600
Rl6 SB-3 Shield building wall 770
R17 C2 Containment liner first half 310
R23 SB4 Shield building wail 770
R24 C2 Containment liner second half 310
R-3l 15 RWCU pump rooms 760
R31 18 Steam tunnel roof and walls 830
R-33 21 Fuel service pools 820
R33 22 RWCU tank and valve rooms 590
R-37 23 Composite structures over drywell 790
R-37 24 RWCU equipment rooms 390
R39 SB-S Shield building wall 770
R-39 SB6 Shield building wail 770
R-39 SB7 Shield building wall 770
R46 C3 Containment liner 220
R46 C-4 Containment liner 380
R-47 C-5 Containment dome 360
R48 SB8 Shield building wall 620
R-48 SB-9 Shield building dome 900

NOTE These modules are described in NEDE 13995
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TABLE 4-2

STRUCTURAL MODULES

FUEL BUILDING

TONS
SCHEDULE DESCRIPTION AVERAGE MAXIMUM

F2 15 flat wall panels 168 384

elishape wall panels 197 324

F7 floor slabs 75 112

F9 15 floor slabs 84 222

F12 flat wall panels 82 202

F15 12 floor slabs 107 180

F18 11 flat wall panels 146 162

U-shape wall panels 186 235

Fl9 floor slabs 35 60

F22 roof slabs 186 235

TABLE 4-3

STRUCTURAL MODULES

AUXILIARY BUILDING

TONS
SCHEDULE DESCRIPTION AVERAGE MAXIMUM

A3 33 flat wall panels 190 500

A6 14 floor slabs 106 174

A7 17 flat wall panels 128 172
A9 floor slabs 95 95

Ab floor slabs 510 564

Al2 floor slabs 92 153

A14 10 flat wall panels 209 331

A16 14 floor slabs 80 153

A19 roof slabs 440 440

A21 14 roof slabs 90 160

A22 roof slabs 155 155
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TABLE 4-2A

MECHANICAL PIPING AND ELECTRICAL MODULES
FUEL BUILDING

The list below describes the typical systems equipment and

components that will be assembled into prefabricated modules
Each module will be designed to be as complete as possible
The determination of number of modules module size and details
of design is beyond the scope of this study

SCHEDULE DESCRIPTION

F-5 Liquid waste holding tank

Transfer pump
CRD water drive pump and filters
FPCCU filter demineralizer backwash

receiving tank
FPCCU pumps
FPCCU pump area panel
Fuel building sample station

Piping

F-8 Standby gas treatment system
Holding pumps
Piping

F9 FPCCU drain tank
Filter demineralizers

Compressor

Piping

F-li Standby gas treatment system
Piping

F-16 Closed cooling water pumps
Motor control centers and electrical
Instrumentation

F-20 HVAC units

CCW heat exchangers
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TABLE 4-3A

MECHANICAL PIPING AND ELECTRICAL MODULES
AUXILIARY BUILDING

The list below describes the typical systems equipment and
comDonents that will be assembled into prefabricated modules
Each module will be designed to be as complete as possible
The determination of number of modules module size and details
of design is beyond the scope of this study

SCHEDULE DESCRIPTION

A-5 LPCS pump
RI-JR pumps
HPCS pump
RCIC pump
Instrument racks

Piping

A8 RWCU pumps
Piping
Cable trays
Electric panels

A-13 Electric equipment room modules

A15 Feedwater and main steam piping

A-l7 Chilled water pumps
HVAC chillers

Recombiners

Piping
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TABLE 4-4

STRUCTURAL MODULES
TURBINE BUILDING

TONS
SCHEDULE DESCRIPTION AVERAGE MAXIMUM

T5 flat wall panels 248 345

T6 flat wall panels 364 458

T8 17 flat wall panels 310 458

T9 flat wall panels 361 386

Tll 11 flat wall panels 319 483

T13 10 flat wall panels 227 245

T18 12 floor slabs 176 230
T25 18 floor slabs 242 420

T28 floor slabs 132 132

T29 flat wall panels 252 252

T30 flat wall panels 267 405

T32 12 floor slabs 13.2 196

T37
T41 18 floor slabs 156 205

T42 floor slabs 126 144

T43 flat wall panels 157 227

T47 27 flat wall panels 181 380

T48 flat wall panels 287 427

T49
T50 flat wall panels 200 273

T53 floor slabs 323 487

T54 floor slabs 186 192

T57 38 floor slabs 207 447

T65 flat wall panels 132 132

T70 14 flat wall panels 122 140

T72 12 roof slabs 167 230
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TABLE 4-4A CONTINUED
MECHANICAL PIPING AND ELECTRICAL MODULES

TURBINE BUILDING

The list below describes the typical systems equipment and

components that will be assembled into prefabricated modules

Each module will be designed to be as complete as possible

The determination of number of modules module size and details

of design is beyond the scope of this study

SCHEDULE DESCRIPTION

T-4 Maximum length prefabricated circulating water

pipe runs

T-l5 HVAC chillers and pumps
Seal steam condenser

Vacuum pumps
Sampling system

Off-gas dryers

Dryer regenerators
Condensate pumps
Condensate transfer pumps
Closed cooling water exchangers

Closed cooling water pumps
Service and instrument air compressors and

equipment
Closed cooling water treatment tank and

surge tank

Electric auxiliary boiler

Feedwater booster pumps

T-16 Radwaste pipe modules

T-22 Off-gas hold-up piping

T-24 First level regulated electric chase cable

trays

T26 Steam jet air ejectors

Offgas coolers

T27 Feed pump turbine condensers

480 volt switch gear
480 volt motor control centers

69 kV switch gear

Off-gas sampling and analyzing
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TABLE 4-4A

MECHANICAL PIPING AND ELECTRICAL MODULES

TURBINE BUILDING

SCHEDULE DESCRIPTION

T-33 Main condensers complete with tubes

T-35 Off-gas adsorbers and piping
Off-gas coolers and filters

T-36 Second level regulated electric chase cable

trays

T-38 Condenser circulating water piping

T-48 6.9 kV switch gear
Demineralizer regeneration equipment

Regeneration chemical feed tanks and pumps
Reactor feed pumps and turbines
Turbine lube oil tank and equipment

Hydraulic power unit

T51 Isolated phase bus duct

T-52 Steam piping

T-55 Stop-control valves and piping

T-56 Piping to moisture separators

T-61 Steam turbine sections

Generator assembled

T62 Feedwater and steam piping to auxiliary

building

T-68 Seal steam generator
Piping modules
Cable tray modules

T-74 Roof-top HVAC equipment
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TABLE 4-5

CONSTRUCTION LABOR

DIVISION OF WORK
MODULE

FABRICATION SITE WORK
PERCENTAGE PERCENTAGE

Reactor Building
Civil/Structural 65 35
Mechanical/Piping 40 60
Electrical 10 90

Fuel Building
Civil/Structural 40 60
Mechanical/Piping 35 65
Electrical 10 90

Auxiliary Building
Civil/Structural 60 40
Mechanical/Piping 35 65
Electrical 10 90

Radwaste Building
Civil/Structural 50 50
Mechanical/Piping 20 80
Electrical 10 90

Control Building
Civil/Structural 70 30
Mechanical/Piping 30 70
Electrical 10 90

Turbine Building
Civil/Structural 60 40
Mechanical/Piping 40 60
Electrical 10 90

TABLE 4-6
LABOR PRODUCTIVITY FOR MODULE FABRICATION

TYPE OF WORK PRODUCTIVITY FACTOR

Civil/Structural 4.0

Mechanical/Piping 2.0
Electrical 1.5

Based on productivity of 1.0 for conventional nuclear plantconstruction
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SECTION

INTRODUCTION

The use of water for shielding against nuclear radiation
has found application in various segments of the nuclear in
dustry but has not been used to any appreciable extent in
nuclear power generating plants The conceptual design of
reactor building utilizing this principal is the subject of
United States Patent No 3752738 and is described in that
document Nuclear Services Corporation under contract to
General Electric performed design study to evaluate the
use of water shielding for large nuclear generating plant
built using modular construction at large generating
center comprised of multiple units power park This report
describes the work performed in the cause of this study re
sults obtained and conclusions reached as result of the
work

Several assumptions have been made in proceeding with
the study as follows

1000 ton crane is available to move modules
larger crane may be proposed if there is benefit
to using modules larger than 1000 ton
The steel-water method of construction is primarily
considered for use in large nuclear installations
called Nuclear Power Centers which will include
from four to twenty nuclear power plants on the same
site

Shop construction either at an offsite shop an on
site shop or combinations thereof is to be maximized

The main thrust of this study is to provide ways and
means to reduce the overall plant construction
schedule

Shop fabricated modules are considered to be avail
able at the construction site when required

Shop construction schedules are not part of this
study

Financial tradeoffs are centered mainly on schedule
improvements with the exception of selected water
steel and concrete construction cost comparisons

4-367



SECTION

SUMMARY

Based on the assumptions listed in the previous section
survey has been made for potential steelwater substitu

tions in the following areas

The Auxiliary Building

The Reactor Building

The Fuel Building

The Turbine Building

The auxiliary building was selected as the main line of
effort because of the heavy radiation shield walls required
and the potential for maximizing shop fabrication of instru
mentation control panels and selected piping systems Based
on the findings derived for the auxiliary building the other
buildings were reviewed for potential benefits

Consideration was given to steel-water substitutions in
the reactor building for both the reactor shield and the dry-
well In order to accommodate the substitution shield thick
nesses increase by approximately factor of two so that
equivalent shield values are maintained This increase in
shield thickness requires major redesign of the building
Such redesign is beyond the scope of the current evaluation
Consequently steel-water substitutions in the reactor build
ing are limited to areas outside the drywell and inside the
containment

The use of steel-water substitutions is particularly
advantageous for those structures primarily needed for radia
tion shielding Other walls which are mainly used as missile
shields have remained concrete for this report but steel
outer walls are possible alternates

The main advantage of steelwater construction is that
the size of module which can be transported by crane of

any given capacity is greatly increased over corresponding
concrete structure This is true primarily for walls used
as radiation shields because the main shielding water is
added at the site and does not have to be transported by
the crane
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When the modules are larger more equipment can be in
stalled wired and tested in the shop prior to the transfer

to the site This shop fabrication is significant factor

in schedule improvement because the site and shop operations

can be carried on in parallel Also if there are fewer

pieces modules to put together in the field less time

will be required to make the assembly at the site This is

true because more of the interconnections will already have

been made and checked out in the factory

The fabrication of large steel modular structures is

already in progress for building large ships and bridge sec
tions Consequently this technology can readily be adopted

for nuclear plants
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SECTION

CONCLUS IONS

comparison between the concrete modular construction
scheme proposed in References and and the steel-water
construction scheme proposed in Reference when applied to
the Auxiliary Building reveals the following

substantial savings is indicated in the overall site
construction schedule approximately 11 months when
compared with the concrete modular construction

The tradeoff between material and labor costs indica
ted that steel-water construction costs more than con
crete construction Although appreciable the differ
ential is not large percentage of total plant con
struction costs and could be more than offset in
situations where construction span time has an impact
on overall costs

The steel-water potential evaluated in this report is

sufficiently attractive to warrant further investiga
tion of detailed construction methods and review of
questions which are outside the scope of this study
See Section 4.1

Larger modules fewer total pieces are possible with
steel-water construction

The modules contain more equipment thereby shifting
construction from the site to the shop

Higher quality control is possible with shop construc
tion methods

The shop and site personnel staffs are not subject to
the turnover experienced with normal plant-by-plant
construction methods

review of other buildings reactor fuel and turbine
indicates that similar schedule savings are available for
these buildings also
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SECTION

DISCUSSIONS

General Considerations

The use of modular construction for nuclear power plantsis developed in References and as listed in Appendix 5.3Also an insideout method of construction is proposed Themain benefit from modular construction is the overall plantconstruction schedule improvement derived from combinationsof shop fabrication and site construction In effect thenuclear power plant construction process is envisioned aslarge scale development of assembly plant techniques wherevarious parts and subassemblies are made by numerous manufacturers all over the country or world and are broughttogether for assembly in one place The schedule benefitcomes mainly from parallel rather than series constructionoperations

further refinement of the modular construction idea isdeveloped in Reference Succinctly stated steel and waterconstruction is substituted for concrete and steel construction The water is considered to provide multiple functions
shielding thermal energy absorption and standby sourceof cooling water The compartmented steel containers areconsidered to provide missile barriers for containments andmethod of retaining sufficient water to immerse reactorfuel following loss-of-coolant accident

From the standpoint of modular construction the advantageof steel-water modules is that the empty steel tanks weighconsiderably less than pre-cast concrete The steel providesthe necessary structural requirements and the water is addedat the site to provide the necessary shielding requirementsIn this way larger modules and more installed equipment permodule can be provided for the same weight of module whencompared with precast concrete Consequently the steelwater substitution results in net increase in shop fabrication and reduction in site erection time

Figure 11 shows typical construction for the ceilingor floor of steel-water module For the same radiation
shielding value the steel-water floors will have littleless than twice the thickness of concrete Since hot rolledcarbon steel plate is less expensive than special hot rolledstructural shapes maximum use of plate is expected In order
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to facilitate the use of automatic welding equipment in the

shop external welds are the best choice One way of mini
mizing the number of weld preparations is shown in Figure 10
The floor or ceiling is compartmented to reduce the poten
tial for serious shielding loss The structure itself has

large section modulus for support of the weight of shielding

water and various live loads

Figure 10 shows typical vertical wall section Indivi
dual wall tanks will need to be divided into sections of

maximum of about 20 feet high in order to limit water pressures
on the tank sides and bottom

For shielding walls using steel and water the cost differ
ential neglecting the cost of water will run higher for steel

by factor of two using one inch steel plte and 2.5 foot

thick concrete wall five foot thick water-steel for compari
son On the other hand if one-half inch steel plate is used

and compared with four foot thick concrete wall eight foot

thick water-steel the water-steel wall is lessexpensive
In essence the comparison is sensitive to the amount of steel

required One inch or one-half inch plate has been used for

this study An optimum balance of structural steel plate
stiffeners and compartmentation may reduce steel costs
below those summarized in this report Neglecting the cost

of additional space requirements the steel-water shield cost

approaches the cost of concrete as the shield thickness in
creases because the amount of steel decreases relative to the

amount of water

Considerations which need further investigation for

steelwater construction are as follows

Corrosion inhibitors for the steel tanks

Organic inhibitors for the shield water

The amount of hydrogen generated as the result of

gamma dissociation of the shield water

Seismic analysis of the structure evaluation of

resonant frequencies

Transmission of noise and vibrations from rotating

machinery

Possible needs for additional insulation of certain

walls due to the thermal conductivity of the water
steel tanks

Possible need for freeze protection for the water
steel tanks

Physical size limitations for water-steel modules
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The shield water tanks are fabricated into many compart
ments so that the leakage of one compartment does not remove
more than small segment of shielding Appropriate level
measuring devices will be installed in the tanks to determine
leaks or potential problems The observation is made that
loss of shielding in the reactor building reactor shield or
drywell wall is more difficult problem than most of the

shielding throughout the rest of the plant More specifi
cally much of the shielding throughout the plant is provided
to accommodate N-16 which goes away immediately after plant
shutdown Consequently shielding repairs can readily be

made if required Reactor shields are required after plant
shutdown and consequently must be compartmented more care
fully to accommodate loss of water if such loss occurs

The thought has been expressed by General Electric that
the use of steel-water construction may be beneficial from
the seismic standpoint This stems from the fact that steel-
water or various combinations of concrete and steel-water con
struction provide means of tuning the total structure to

higher or lower frequency as required thereby removing
whatever difficult resonances exist

There are several options available with steel-water con
struction which allow frequency tuning

The water shielding tank can be filled so that it

becomes solid mass

The tank can be filled not quite to the top so that

advantage can be taken of wave action in such way
as to cause mass shift counter to the seismic force

input

The system frequency can be changed by the way the

tanks are compartmented

Advantage can be taken of the damping action afforded
by the water

The section modulus of the tank structure can be

adjusted as needed to change the natural frequency

Various combinations of steel-water tanks and con
crete may be used for tuning because of the different
modulus of elasticities of steel and concrete The
natural frequency is function of flexural stiffness

El which is combination of the material modulus of

elasticity and the structural moment of inertia

The gain to be derived from the above considerations
may be appreciable However the generation of sufficient
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data for evaluation is outside the scope of this study The
recommendation is made that an analytical seismic model of

steelwater and steel-waterconcrete structure be deve
loped to compare with concrete structure The models can
be used to evaluate the advantage of tuning structures to
remove them from the high amplitude frequencies of seismic
input

Several advantages of forming steelwater modules are
listed and discussed below

Effective utilization of manpower

Reduced on-site plant construction operations

Reduced number of modules for installation

Higher level of quality control for shop fabrication

EFFECTIVE UTILIZATION OF MANPOWER Shop fabrication
using repeat modules provides way of long-range shop plan
ning which will allow more effective utilization of manpower
without periods of high and low manpower demand with atten
dant personnel turnover One result is the chance to keep
well trained personnel on hand in order to carry out the
fabrication program effectively and improve the quality of
the product in keeping with the ever increasing quality re
quirements

The same factors can be applied to the personnel staff
at the site With several plants in various stages of con
struction there is again chance for long-range planning
which can smooth out manpower requirements and improve man
power quality

The use of shop personnel at the site and vice versa
is possibility which improves flexibility The problem
here is the labor relations situation However the whole
nuclear power center idea and modular construction require

solution to labor relation problems

REDUCED ON-SITE CONSTRUCTION AND ERECTION TIME The
primary purpose of constructing steel-water modules is to
reduce the number of series operations at the site and to

parallel shop fabricarion with site construction in such
way as to maximize shop fabrication For given maximum
module weight steel-water modules permit installation of
more equipment within the modules prior to site erection
Site activity for modules includes placing modules making
structural tries and making interconnections of piping
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electrical cables and ductwork In this way maximum advan
tage can be taken of shop fabrication with attendant benefits
of improved machinery and fabrication techniques plus the
schedule benefits of parallel rather than series operations

REDUCED NUMBER OF MODULES FOR INSTALLATION Another
advantage of constructing steel-water modules is to reduce
the total number of individual modules to be transported from
the shop to the plant site This means fewer number of

trips to be made by the 1000 ton crane and major reduction
in the number of interfaces and connections to be made at

the site

HIGHER LEVEL OF QUALITY CONTROL FOR SHOP FABRICATION
The availability of large machinery and automatic welding
equipment in shops is factor which has large potential
for improving quality control Automatic welding equipment
provides means of rapidly providing accurate welds without
the same level of skill required of craft labor at the site
and the human limitations of hand welding In view of the
ever increasing level of quality control being imposed on

nuclear power plants any method of providing improved quality
with potential for cost savings is desirable

Auxiliary Building

Reference is made to Figures through and Table 5.1.1
which define the construction sequence as now envisioned
The sequence involves combination of concrete and steel
water construction as described in Section 4.1 First the
floor mat is poured and then the concrete retaining walls
are poured up to grade This operation is estimated to

take about nine months according to Figure and

The placement of pumps RHR RCIC HPCI and LPCS on
the base mat or in caissons in the base mat does not need
to enter into the critical path In actuality each of

these pumps must be capable of servicing or replacement
Normal maintenance will require capability to remove the

drive motor the pump impeller and internals and possibly
the pump casing itself Consequently if maintenance capa
bility is provided in the design the pumps can be placed
at any point in the construction cycle independent of the

progress of construction after placing the floor mat The

pump casing can be installed in the piping system when re
quired and the pump internals and drive motor can follow at

any time in the schedule prior to pre-operational testing

The remainder of the sequence shown in Figures 1-8 and
Table 5.1.1 is set to maximize the size of each module and
the amount of equipment installed by the shop
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Figure shows the floor mat and retaining walls in place
and indicates the placing of pumps in similar fashion to
Reference and Actually this step is not necessary at
this time as noted above Installation of safety system
piping and equipment can be accomplished at this point in
the schedule or can possibly be accomplished in the shop
by supporting equipment from the walls and ceilings within
the modules which come later

Figure shows the placing of the RCIC and RHR room
module ABl which forms lower structure

Figure shows the placing of cable tray and service
piping module

Figure shows the placing of the steam tunnel and pip
ing module AB-3 This is large complex module which
requires thick shielding walls Numerous field welds are
saved by shop fabrication of the module but the remaining
field interconnections are difficult Pipe supports will
need to be adjustable in order to match the steam system
feed system safety system and auxiliary system piping
which pass through the tunnel from the reactor building

Figure shows the installation of the RHR heat exchan
ger modules This operation could come later however be
cause of the design provision for later maintenance of the
heat exchangers through access hatches in the roof

Figure shows the placement of the two largest modules
AB-5a and 5b Half-inch plate and structural shapes have
been used as much as possible to save on the weight of the
module module of this size will need careful design
and may run into limit on physical size which is as yet
undefined The outer edges of the module are open and
supported by structural steel These outer structures will
be tied to the outer walls when the latter are placed The
third floor electrical equipment and the fourth floor EVAC
equipment can be installed in the shop The roof is left off
for weight savings and will be added later

Figure shows the placement of the outer walls which
can be either concrete or steel as noted in Section 4.1
and illustrated in Figures 12 and 13 Steel modules reduce
the number of modules from five to two or three

Finally the roof is added to cover modules AB-5a and
5b

Table 5.1.2 provides comparison between the modules
of Reference and and the steel water modules of this
study
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Table 5.1.3 provides rough cost comparison between
steel-water construction and concrete construction using
$150 per ton for concrete and $1000 per ton for steel The
schedule benefit is neglected

Reactor Building

Consideration was given to steel water construction in
the reactor building in the same manner as outlined in

Reference The first observation is that the reactor build
ing would need redesign if water-steel shielding is used be
cause of the increase in shielding thickness required The
conclusion was drawn that building redesign with appropriate
adjustments for the pipe break transient analysis is required
Such redesign is outside the scope of this study

On the other hand those areas in the building which are
outside the drywell and inside the containment can be modul
arized and adapted for steel water construction without dis
turbing the reactor building containment design balance The

dryer-separator pool and the fuel storage pool can be con
verted to steel modular construction which allows later place
ment of equipment at lower levels

Steelwater design similar to that described in Refer
ence remains viable possibility for evaluation at later
date

Fuel Building

The fuel building is amenable to the substitution of

steelwater modules in manner similar to the auxiliary
building The east end of the building can be modularized
with steel and water to include the Fuel Pool Cooling and

Cleanup System FPCCU The central and west end of the

building can be modularized to include the various poois
Pool construction and maintenance can be facilitated by shop
construction because of improved welding and the chance to

provide for easier weld inspection stainless steel liner
will still be required The liner can be erected and tested
within fixture and then transferred to carbon steel
structure which will support the liner for transportation and
after the pooi is in place Appropriate spaces can be

designed for purposes of leak detection Shielding outside
the pools can be accomplished by additional water-steel tanks
or poured concrete using the steel as form to be left in

place The option of building outside walls made of steel
or concrete is the same as that which exists for the Auxiliary
Building The floor mat and the retaining walls up-to-grade
remain concrete as in the case of the Auxiliary Building
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Turbine Building

From the standpoint of structural support of the turbine
concrete remains the best pedestal material because of its

absorption characteristics On the other hand there are

numerous shielding walls in the turbine building which may
provide potential construction improvement with steel-water
construction substitutions Reference indicates shielding
requirements for the following

Turbine

Condensers

Condensate System

Feed System

Of fgas System

Condensate Demineralizer System

Essentially this accounts for almost all of the non-
electrical equipment in the building Potential benefits for
modular construction using steel and water are available for
all these areas Some of the shielding is primarily for N-l6
while other shielding of fgas and condensate demineralizer
is primarily for the accumulation of fission products From
the maintainability standpoint some differentiation may be
required depending on the source of radiation In particular
shield maintenance for N-16 areas is not as severe as the

fission product areas because N-16 radiation can be reduced
by lower power level or removed by plant shutdown Various
modules containing feed heaters or reheaters and pumps or off-
gas system equipment of condensate demineralizer system equip
ment can be shop fabricated in steel-water modules combining
shield walls and equipment to module weight limit The com
bination of the modular construction scheme devised for the
Turbine-Generator island in Reference concrete coupled
with auxiliary equipment construction using steel-water
modules is attractive with considerable time gains in the
overall construction sequence

Schedule Cons idØrations

Reference is to Figures and which show the follow
ing

Figure Auxiliary Building Schedule Using
Steel-Water Modules

4-378

_____________________ ___



Figure Auxiliary Building Schedule Using
Concrete Modules

Figure indicates 24-month site construction schedulewith nine-month preoperation test schedule total 33 monthsFigure indicates 32month construction schedule with 12-month preoperational test schedule total 44 months Thebasis for time reductions between Figure and Figure is
primarily the following

Much of the equipment installation indicated in the
Figure AB13 23 and 24 is considered to be com
pleted in the shop

There are fewer modules to install

The equipment brought to the site in modules is considered to have been tested and checked out in the
shop before shipping to the site

There are fewer series operations at the site because
equipment installation is not dependent to the same
degree on how far site construction has progressed
More specifically site construction and shop con
struction are going on in parallel and are not fullydependent on each other

The assumption is made that the modules are available atthe site when required For the first plant this may require module construction start before site constructionstart However the plants which follow should be on schedule where the modules are at the site when required
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TABLE 5.1.1

AUXILIARY BUILDING

CONSTRUCTION SEQUENCE

Module Tons Description

AB-l 930 RCIC pump room and lower section
of RHR rooms

AB-2 260 Service piping and cable trays

AB-3 835 Steam tunnel and piping and other
piping

AB-4a 200 RHR exchangers piping and support
frame assembly

AB-4b 200 RHR exchanger piping and support
frame assembly

AB-5a 800 Battery room cable chase elec
trical equipment room and equip
ment HVAC rooms and equipment
and roof

AB-5b 800 CRD maintenance room and benches
electrical equipment room and
equipment HVAC rooms and equip
ment and roof

AB-6a 810 Auxiliary building outer concrete
wall

AB-6b 810 Auxiliary building outer concrete
wall

10 AB-6c 810 Auxiliary building outer concrete
wall

11 AB-6d 810 Auxiliary building outer concrete
wall

12 AB-6e 810 Auxiliary building outer concrete
wall
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TABLE 5.1.2

AUXILIARY BUILDING MODULE WEIGHTSt

CONCRETE VS STEEL MODULES

Weight of

Water
Weight of Added at

Steel the Site
GE Module Tons NSC Module Tons Tons

Al 690

A2a 421

A2b 421 2652 ABl 930 2175

A3a 560

A3b 560

A7
975 AB2 260 600

All 710

AlSa 380

Al5b 380 2300 AB3 835 2650

A25 90

A27 740

A16a 200 AB4a 200

A16b 200 AB4b 200

A8a 150

A9a 200

AlOa 130

A12a 70

Al3a 210

A14a 130

A17a 130 3725 AB_5a 800 750

A18a 40

A19a 790

A20a 220

A21a 115

A22a 320

A23a 770

A24a 450
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Table 5.1.2 Contd

Weight of

Water
Weight of Added at

Steel the Site
GE Module Tons NSC Module Tons Tons

A8b 150

A9b 200

AlOb 130

A12b 70

A13b 210

A14b 130

A17b 130 3725 7..5b 800 750

A18b 40

A19b 790

A20b 220

A21b 115

A22b 320

A23b 770

A24b 450

A4a 805

A4b 805
Eliminated and substituted

A5a 620

A5b 620

24 in in
Concrete Steel

AB6A 810 250

AB_6b 810 250

AB_6c 810 250

AB_6d 810 250

AB_6e 810 250

Module weights include equipment and piping weights shown
in Figure -2 through Figure -6

The weights include concrete outer wall weights

Modules AB-5a and AB-5b exclude the outer walls. Outer
walls are independent modules AB-6a to AB-6e

The outer walls are assumed to be concrete
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TABLE 5.1.3

COST ESTIMATE

STEEL MODULES VS CONCRETE MODULES

Steel Modules Concrete Modules

Materil labor cost per ton Material labor cost

per ton
The range of erected steel

costs is approximately $800 $150/ton

to $1200 per ton based on

the complexity of shapes
and structures involved and

the manpower required $800

per ton is appropriate for

shipyards while $1200 per
ton for small quantities is

appropriate $1000 per ton

has been selected for this

study

Total steel cost material Total concrete cost

labor
16000 tons $150

3056 tons $1000 $3056000 ton

ton
$2400000

Total outer wall concrete

walls cost

4050 tons $150 $607500
ton

TOTAL COST

Steel concrete $3663500

Based on 24 thick concrete walls For steel walls

the cost will be $1140000 $1000/ton
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FIGURE Auxiliary Building Construction Sequence

STEP
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flUCLR SCRVIICS CORPOR1TOfl

Structure 870 tons

Equi pment

Piping 60 tons

Total 930 tons

Water added

at the site 2175 tons

MODULE AB-l

RCIC Pump Room Lower Portion of RHR

Exchanger Rooms

FL b.MDLZ
OOUL MO

-r

FIGURE Auxiliary Building Construction Sequence

STEP
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flUCLR SCRVIIICCS CORPOTWfl

Structure 160 tons

2O

Piping and

tons

Total 260 tons

Water added

at the site 600 tons

MODULE AB-2

Service Piping and Cable Trays

FIGURE Auxiliary Building Construction Sequence

STEP3
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flUCLR SCRV/IIICCS CORPOiflOfl

Structure 645 tons

MSL Piping

Framing 90 tons

Other piping 100 tons

Total 835 tons

MODULE AB-3 Water added

at the site 2650 tons

Steam Tunnel and Piping

FIGURE Auxiliary Building Construction Sequence

STEP
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flUCLR SCRVMCCS CQRPORTMOfl

r1 1TTi1

200 tons each

21

MODULE AB-4a MODULE AB-4b

RHR Exchangers Piping and Support Frame Assembly

__- __-i

i-T

FIGURE Auxiliary Building Construction Sequence

STEPS AND

4-388



flUCLR SCYCS CORPORRUOfl

120

___ ___32 MODE AB- 5a flDULE AB-5b

Structure 545 tons Structure 545 tons

Framing 145 tons Framing 145 tons

Equipment 110 tons Equipment 110 tons

Total 800 tons Total 800 tons

Water Added Water added
at the site 750 tons at the site 750

FIGURE Auxiliary Building Construction Sequence

STEPD



flUC1LRR SCRVIIICES COPPO1iIIOfl

90 CONCRETE OUTER WALLS

MODULES AB-6a TO AB-6c

810 tons each

col

15

FIGURE Auxiliary Building Construction Sequence

STEPS 10 11 12 AND 13
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______
COnsttuctlo Operation

4A_______________
Excavation

Construct pump catssons install _____
underground piping

F.R.P basemat outer walls to
23

grade

Install RCIC HPCS LPCS pumps
turbine condenser RHR pumps

piping and platforms

Install nodule AB-l RCIC pump
16

room lower portion of RHR ex
changer rooms Make module
piping cable connections

20Install module AB2 servtce ___________
piping cable trays Make

piping connections and module
welds

32Install module IiB-3 steam _________________
tunnel piping Make module

welds piping connections

Install module AB-4a RHR ex
changers piping support as
smbly Make module welds

piping equipment connections

Install module A8-4b RHR ex
changers piping support as
sernbly Make odule welds

piping equipment connections

2410 Install module AB5a battery _____________
room cable chase electrical

equipment room equipment HVAC

equipment room equipment and
roof Make odule piping
ductwork electrical connec

ions

11 Install module AB5b CRD mainte 24

nance room benches electrical

equipment rocni equipment HVAC

equipment room equipment and
oof Make nodule pping
ductwork electrical connec
tions

AUXILIARY BUILDING SCREDUV USG STEEL-WATER MODUL.E5

FIGURE



__________________________________
-i

DURATI ON IN MONTHS
No Construction Operation

12 lB 2k 30 42

12 Back fifl to elev 9O
grade level

13 Install modules AB-6d to AB6c 35

auxiliary building outer walls
Make wall joints connections

40

14 Pre-op test and water filling of

shield walls

AUXILIARY BUILDING SCHEDULE USNG STEEL-WATER MODULES



5003

GE NUCLEAR PARK STUOY
Aux Bid Schedule Modified

12

AI Excavation

A-2 Construct pump caissons install ungd
pipe

A3 Set fat Eli wall modules to elevs
710 50 90

A-4 FRP hasemat instl embeds 21

A-S lnstl lst level pumps equip pipe
modules platforms hookup

A6 Set 2nd level fi slab modules with 21

struct sfl beams elev 610

21A-7 Set ext wall modules to elev 45 ________

A8 Instl 2nd level equip pipe modules ___________
hookup

A-9 Set battery rm CR0 maint rm cable ______
chase wall roof modules

A-lU Set steam tunnel slab modules elevs90 130

AIl Back fill to elev 90

A-12 Set 3rd level elec rip fi slab modules 21

with em beams elev 110

82Al3 lristl 3rd level elec equip pull cables
hookup

A-l4 Set steam tunnel RHR HXs rm wall modules 21

to elev 450

AIS Set feedwater main steam pipe modules
hookup

A-l6 Set 4th level fI slab modules with stl 21

beams elev 286

A-17 lnstl 4th level FIt/AC equip pipe modules 26

hookup

A-l8 Set steam tunnel vent barrier

AUXILIARY BUILDING SCHEDULE USING CONCRETE MODULES

FIGURE



5003

GE NUCLEAR PARK STUDY

Aux Bldg Schedule Modifled

12 24 30 36 42 48 54

A-l9 Set steam tunnel roof modules

A-20 Instl RHR HXs support stl platforms
26

stairways hookup piping

A21 Set RMF slab modules

A22 Set RHR HXs room roof modules

A-23 lnstl lighting misc elect equip wire
91

cable pulHng hookup

A-24 Misc pipe instl cleaning ductwork
100

instl

A-25 Preop test

.0

AUXILIARY BUILDING SCHEDULE USING CONCRETE MODULES

FIGURE Continued
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FIGURE 11
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TYPICAL OUTER WALL CONNECTIONS

Concrete

FIGURE 12
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TYPICAL OUTER WALL CONNECTIONS

Steel

FIGURE 13
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TYPICAL FLOOR CONSTRUCTION

FOR MODULES AB-5a AB-5b

FIGURE 14
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General Electric Report NEDE-139952 An Investigation of Novel Construction
Methods for Nuclear Power Centers Volume

Nuclear Reactor Plant and Multiple Purpose Shielding System Therefor
U.S Patent No 3752738 dated August 14 1973 Naymark

General Electric Arrangement Drawings K-0l5-Al through K-025-Al Rev
for the BWR-6 Mark III Containment Nuclear Power Plant

C.F Braun Standard Turbine Building Arrangement Drawings Figures 1.22
through 1.2-8 Revision dated 9/20/74

Gwaltney R.C Missile Generation and Protection in Light-Water Cooled
Power Reactor Plants ORNL NSIC-22 Oak Ridge National Laboratory Oak
Ridge Tennessee for the U.S Atomic Energy Commission September 1968

Amirikian Design of Protective Structures Report NT-3726 Bureau
of Yards and Docks Department of the Navy August 1950

Russell C.R Reactor Safeguards MacMillan New York 1962

Stephenson Dr John Engineering and Management Guide to Extreme
Load Design of Piping Systems Equipment Electrical conduit and Structures
with Particular Application to Nuclear Facilities

10 Bechtel Corporation BC-TOP-9 Design of Structures for Missile Impact
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PRIOR PARK STUDIES

The present NSF Energy Park Study provides further definition

of nuclear park installation beyond prior studies by industry
state and federal agencies Pertinent studies include

ttPuerto Rico Energy Center Study TID-25602 prepared by
Burns and Roe Inc and The Dow Chemical Co July 1970 for the

Commonwealth of Puerto Rico USAEC and Department of the

Interior This study examined four candidate sites and concentrated
on the West Aguirre site Southeast coast where two oil-fired

460 MWe total plants and one 560 MWe nuclear plant are already
started Another nuclear plant 539 MWe plus steam would be added
Space is available for future plants Process steam at 400 150 and
40 psig would be delivered to adjacent industries to be added such as

aluminum chlorine caustic desalting petroleum refinery and
derivative organic chemicals Water agriculture community and
economic factors were evaluated Compared to 1969 rate schedule of

17 mills/kWh the new nuclear would cost 34 and new fossil
44 mills/kWh This does not include escalation or sulfur removal

The study does not discuss fabrication reprocessing transportation
or wastes

Nuclear Power Parks Preliminary Appraisalt
November 1972 an internal report for General Electric Company
management compiled through the Power Generation Sales Division
Seven reference nuclear park layouts were evaluated including inland

and shore sites light water reactors LWR and liquid metal fast

breeder reactors LMFBR oncethrough condenser cooling ponds
wet and dry towers reactor sizes from 1220 to 2500 megawatts
electrical MWe and parks from 5000 to 20 080 MWe Power trans
mission fuel handling construction financing organization growth

predictions public and environmental effects were other briefly
identified factors The report identified problems of parks up to

20 000 MWe including public acceptance of large sites service

community requirements vulnerability to catastrophic events
inadequate knowledge of waste heat and water dispersal radioactive

waste storage and disposal and cooperation of utilities govern
ments financiers and labor Some of the findings of this and the

following report were provided to utilities associations and

government agencies for further studies

Au Investigation of Novel Construction Methods for Nuclear

Power Centers Volumes and General Electric Company
internal report NEDE-l3995 October 1973 compiled by the Nuclear
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Energy Division John Barnard program manager41 Parks with
four to sixteen 1250 MWe reactors 5000 to 20 000 MWe total
were drawn in several arrangements together with fuel reprocess
ing and fabrication and waste facilities Modular construction
methods were devised for systems and buildings based on theBWR/6 and Mark LII containment Benefits include improved man
power and equipment utilization increased efficiency shortened
schedules as much as 12 months per plant reduced costs and
simplified licensing Particular problems were identified regardinglabor management with both construction and factory labor on siteand innovations of large 1000 ton modular construction

HanfordNuclearEnerCentepl.
Batelle Pacific Northwest Laboratories reportBNWL-B-332 January 25 1974 for the AEC The present HanfordWashington AEC site could add at least 10 000 to 15 000 MWe in the1985 to 1990 period to 40 000 MWe by the year 2000 and to60 000 MWe later There is fuel fabrication plant which ou1d be

expanded Plutonium experience and facilities are available Fuel
reprocessing could be resumed and an enrichment plant could beadded Hanford is presently national radwaste repository for low
activity wastes curie/ft Electrical capacity beyond PacificNorthwest needs could replace petroleum usage but would requirefederal policy and assistance Unique advantages including population and environment favor Hanford but long transmission linesmust be added to load centers Major institutional requirementsinclude AEC permission utility agreements legal tax and
financial arrangements This and the following report are identifiedas appendices to the AEC compilation WASH-12889 discussed later

of the Gu if St at es Ut iliti
Nuclear Center Oak Ridge National Laboratories reportORNL 74-1-32 Appendix Using the lower Mississippi river siteas an example three to four 1300 MWe boiling water reactors BWRarid pressurized water reactors PWR would be added each year for

startup in the period 1984 to 1992 total 28 LWRs and 36 000 MWeFuel reprocessing and fabrication facilities for onsite loads onlywould be unecollomically small Estimated facility costs in 1974million are generating 12400 fuel 158 transmission 252 total12 810 Energy cost is 12.4 mills/kWh slightly below dispersedplants Similar benefits and problems to the above are discussedTritium waste from the PWRs is noted Analysis of cooling towerheat and moisture dispersal predicts potential fog/rain effectsmore research is recommended
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Evaluation of Nuclear Energy Centers9 compiled by AEC
Division of Reactor Research and Development Preliminary
WASH-l288 January 1974 with twelve appendices from industry
including the Hanford and Gulf States reports above portions of the

GE Preliminary Appraisal and covering transmission organization
al institutional and financial aspects radiological doses radwaste
process energy uses description of commercial nuclear power plants
reactor types site and health standards uranium supply load

growth and costs The 10-20 000 MWe NEC is estimated to cost

$5-b billion in private funds and $5-b million of government funds

mainly RD Financing anti-trust FPC and NEPA regulations
taxes and reapportionment across boundaries and many government
roles support are discussed

General Environmental Statement Mixed Oxide Fuel Recycle
Plutonium in Light-Water-Cooled Reactors GESMO2

compiled by AEC Directorate of Licensing Fuels and Materials
WASH-1327 Volumes Draft August 1974 GESMO
indicates that Pu recycle reduces the adverse environmental effects
of the LWR fuel cycle relative to the already small effects of the

1J02
fuel cycle WASH-l248 By 1990 about 10% of LWR fuel may

be mixed oxide fuel The corresponding uranium reduction saves
mining and milling operations resulting in slightly less radiation

exposure of the general population despite slightly increased occu
pational exposures in fuel reprocessing and fabrication The report
indicates that improved compliance is needed but that no significant
increase in safeguards for strategic SNM special nuclear mate
rials separated Pu U-233 U-235 20% will be needed until after
1990 for HTGR and LMFBR fuel The cost/benefit analysis shows
Pu recycle is better than storage There is no mention of parks
nor factors significant to integration of facilities

The following Figure illustrates the chronology of the seven
reference studies and important factors to be considered in this

energy park study
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13 Power Plant Capital Costs Current Trends and Sensitivity
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