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ABSTRACT 

The purpose of the study was to evaluate tl}e technical and economic 
feasibility of a small, (365 MWt) nuclear reactor for supplying process 
steam and electricity as a replacement for energy sources using in
creasingly scarce natural gas or oil. The Du Pont Chemical Plant Site 
at Victoria, Texas, wa~ chosen as representative of industrial ins_tal
lations that require sizeable amoun·ts of p;rocess steam and electricity. 
For compari~on purposes conventional coal-fired boilers were also eval• 
uated. 

It was determined that both nuclear- and coal-based process energy 
suppl~· systems are technically feas-ible. For the specific steam/elec
tricity demands at the reference site, the coal-fired plant proved to 
be economically more attractive thq.n the nuclear units. For an applica

. · tion requiring a bas.e-loaded supply of ~atl.ll:'ated stea,m, utilizing full_ 
reactor capacity, the nucle~r option appear's competitive for coal costing 
$37 /ton in .1~78 dollars. · 

v 
PowerS~ Engineering, Inc.; 



1.0 EXECUTIVE SUMMARY 

1.1 Project Background and Description 

The work discussed in this report has been sponsored by the Department 
of Energy (DOE). Participants in the cooperative study included Oak 
Ridge National Laboratory (ORNL); Power Systems Engineering, Inc. (PSE), 
Houston, Texas; The Babcock and Wilcox Company, Nuclear Power Genera
tion Division (B&W), Lynchburg, Virginia; and United Engineers and Con
structors, Inc. (UE&C), Philadelphia, Pennsylvania. PSE acted as the 
study coordinator under subcontract ORNL-Sub-7257 and was supported by 
ORNL, B&W, and UE&C. 

The present study is an outgrowth of previous DOE - sponsored studies 
by ORNL, B&W, and UE&C, in which the generalized economic and commercial 
fea·sibility of utilizing small nuclear reactors to provide industrial 
process steam was investigated (References 1 and 2). The work being 
reported herein addresses the specific siting, technical, and economic 
feasibility of utilizing B&W's Process Energy-Consolidated Nuclear Steam 
Generator (PE-CNSG) design as a process steam generator for an existing 
chemical facility. To provide a comparative basis for evaluating the 
economic feasibility of the PE-CNSG, the study included a comparable 
site, technical and economic evaluation of coal-fired process steam 
generation systems. Coal was chosen as the alternative fuel because 
it is the most abundant domestic fuel resource and because of the great 
emphasis being placed on its use. 

The Du Pont plant site at Victoria, Texas, was chosen as one of three 
to be studied in the Gulf Area (References 3 and 4). This site was 
chosen as representative of large industrial process steam users and 

· because it appeared to be suited for both the PE-CNSG and the coal ap
plications. The study was designed to yield results applicable at 
·numerous sites. In the course of the study, Du Pont provided such site, 
technical and economic inputs as were required in order to generate a 
complete and mean~ngful feasibility evaluation for the specific site 
under study. The DunPont participation was contribu.ted by Du Pont. 
Without this support on the part of Du Pont, which amounted to approxi
mately four man-months, ·this study would not have been possible. 

This section is a summary of the work accomplished and summarizes infor
mation contained in more detail in later sections of the report. 

The stated objective of the work performed was the evaluation of the 
site, technical and economic feasibility of utilizing a small nuclear 
reactor as a process steam generator at a specific industrial site. 
Generalized feasibility has previously been investigated for the hypo
thetical "Middletown, u.s.A." site for the· B&W PE-CNSG nuclear system. 
(Reference 2). In order to demonstrate economic feasibility, the 
nuclear system must be compared to an alternative steam supply system, 
either an existing system at the site, or a. new system. Since Du Pont 
currently uses natural gas or fuel oil at its Victor~a site, and since 
neither of these fuels is as domestically abundant as coal, it was 
decided to evaluate a new coal-fired facility as the alternative to the 

1-1 Power~ Englneering, Inc.: 



1.1 Project Background-Hand Description - (Continued) 

PE-CNSG. B&W, UE&C, and ·ORNL provided all site evaluations, technical 
information, and cost estimates for three candidate nuclear systems 
plus two benchmark systems. The benchmark systems were studied to 
aid in evaluating the economic impact of the addition of electrical 
generation and oil-fired superheating to the basic n~clear steam gene
rator system. PSE's scope of work included estimating fuel-oil fired 
superheat systems for those nuclear plant system options requiring them, 
as well as the development of the coal plant configuration and. cost 
estimates for comparison with the nuclear plants. The eight coal plant 
designs were developed, estimated and analyzed, including four high
sulfur Illinois coal-fired and. four low-sulfur Wyoming coal-fired plants. 
PSE then performed the econo~ic evaluations of the coal/nuclear alter
natives -using net present value (NP~) cash flow economic methods. 

The base date for all economic comparisons is January 1, 1978. Cash 
flows reported in current dollars are escalated beyond January 1, 1978. 
Where discount rates have been applied, .the "pre~ent" date is January 
l, 1978. The study assumes all equity funding, i.e., no .. cost of 
capital or debt service has been considered. 

1.2 Major Cons~derations and Conclusions 

1.2.1 Site Feasibility 

The preliminary site feasibility study has been based on existing geo
logical, topographic, meteorological, population, and seismic informa
tion supplied by Du Pont for their Victoria, Texas Plant Site. The 
study failed to disclose any condition that would preclu~e the con
struction and operation of either the PE-CNSG or coal-fired process 
steam systems. There was no attempt made to generate new site informa
tion, and the conclusions infer no assurance that in-depth site studies 
will bear out these preliminary conclusions. The available data indi
cate that this site is probably quite well suited for nuclear as well 
as for fossil-fueled installations of the type studi"ed. Final site 
suitability would be subject to detailed study. 

Figure 1-1 shows the PE-CNSG plant layout which has been selected for 
the study. Figure 1-2 presents the coal plant layout. The study plants 
were located in areas designated by Du Pont as acceptable. They are not 
necessarily optimum locations, but are judged to be· representative and 
feasible locations. · 

1-2 Power Systems Engineering, 



1.2.2 Economic Feasibility 

A total of five.PE-CNSG plant configurations and eight coal plant con
figurations were evaluated on the basis of economics tailored to the 
Victoria plant site. Each nuclear plant and each coal plant was com
pared on the basis of net present value (NPV) over a 30 year total pro
ject life in order to arrive at an optimum pair of plants from which to 
make the final economic choice. No attempt has been made to compare 
these study plants with existing facilities. 

Because of the seven year construction period for the nuclear plants 
and the four year period for the coal plants, economic comparisons 
were made under two sets of assumptions regarding project start times. 
In both comparisons, the nuclear plants are assumed to begin construc
tion on January 1, 1978. Coal plant economics were generated first 
under the assumption that the coal plants start construction con
currently with the nuclear plants. An additional set of coal plant 
economics was generated under the assumption that the coal plants were 
to start operation concurrently with the nuclear plants (i.e., start 
construction on January 1, 1981). The major economic impact that 
occurs as a result of the difference in nuclear and coal plant constuc
tion time requirements is the penalty incurred by the nuclear plants 
for the number 6 fuel oil equivalent of the steam required by the 
user during the last three years of nuclear plant construction for the 
cases where the coal plants go into operation three years prior to 
the nuclear plants. The removal of this three year fuel oil expense 
from the nuclear plant economics improves its net present value as shown 
when comparing Figures 1-3 and 1-5 • 

. I 

Capital cost estimates are of a quality consistent with the scope of 
this feasibility study; i.e., they are budgetary in nature. The esti
mates represent neither the maximum nor minimum costs, but rather re
present average costs to be expected tor the ·systems under study. 
Capital investment costs for each study plant are summarized in Tables 
1-1 and l-2.Refer to section 1.4.1 and 1.4.2 for pl~nt descriptions. 

The optimum nuclear plant configuration within the constraint of 
DuPont steam requirements, is one which delivers a maximum of 1,000,000 
lb/hr process steam flow at 550 psig and 7500F, while generating an 
average of 26.1 MW net electrical power via a condensing-cycle turbine
generator in the PE-CNSG secondary steam loop. This is identified as 
Nuclear Case 5 in the body of the report. For this study, it is con
sidered to be "Nth-of-a-Kind" and exclusive of "First-of-a-Kind" costs.· 

For both assumptions for construction start date, the optimum coal plant 
configuration is one which delivers a maximum of 1,000,000 lb/hr pro
cess steam at 550 psig and 7500F while generating an average 36.1 MW net 
electrical power via an extraction-condensing turbine generator. Boiler 
design steam conditions are 1500 psig at 950°F. This plant is Coal 
Case 7. 

The results for these two plants are shown in Figures 1-3 through 1-6 . 
for both the cbncurrent nuclear/coal plant construction star,t date and 
the concurrent nuclear/coal plant operation start date. 

1-3 Power S,stems Englneerlng.Jnc.; 
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1.2.2 Economic ?easibility- (Continued) 

The nuclear plan~ is presented for both reprocessing and non-reproces
sing fuel cycles, while the coal plant is presented as a high-sulfur 
coal plant with flue gas scrubbing for 1978 delivered coal prices-of 
$1.20, $1.40 and $1.60/106Btu. ----·-- ______ -·------· _____ _ 

I 

Under the assumptions in force for this study, the coal plant is seen 
to be the economic choice for 1978 coal prices up to approximately 
$2.10-$2. 20/106'-Btu for concurrent nuclear/coal plant -construction start 
date and up to $2.40-$2.50/106Btu for concurrent nuclear/coal plant 
operation start jate. 

Since these 1978 coal prices are quite high and not to be realistically 
expected, the coal plant is the economic choice of this study. It is 
judged to be possible to obtain $1.20/106Btu high-sulfur coal and the 
$1.40-$1.60 high sulfur coal price is quite likely obtainable on long 
t.erm contract. 

The PE-CNSG plants are much more capital-intensive projects than the 
coal-fired plants. Even though the PE-CNSG annual operating costs are 
substantially lower than annual costs for coal plants, the large capital 
investment required for the PE-CNSG results in low NPV's that are not 
competitive with the coal-fired option. studied. 

For comparison purposes, Figures 1-4 and 1~6 also show the fuel cost 
of process steam derived from number 6 fuel oil. This comparison is 
idealized in that it assumes that all capital related costs have ceased 
and that operating and maintenance costs are zero. For the idealized 
conditions,just cited, oil may be an attractive alternative to either 
coal or nuclear systems. 

The relatively high energy costs predicted for nuclear (compared to 
earlier estimates) arj,se from several factors~- The average industrial 
steam load of 723,000 lb/hr. amounts.to only 56% of·-r~ted reactor ca-· 
pacity, and while the excess steaming capacity is used to generate 
electricity, power generation does not provide sufficient net revenue 
to yield attractive overall steam production costs. For a PE-CNSG 
producing steam only, a rise in industrial steam load from 56% to 100% 
of reactor capacity would lower steam cost by about 20%. 

The requirement for superheated steam imposes an additional cost penalty 
on the PE-CNSG since a supplemental oil fired superheater is required 
to elevate the reactor steam to about 750oF. Thus, oil provides about 
one-fifth of the energy consumed to produce process steam during normal 
operations. Superheating increases steam costs by about 10%. 

A PE-CNSG appli-:::ation for supplying base-load saturated steam to in
dustry, either prime steam or via cogeneration, probably would be more 
attractive. 
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1.2.2 Economic Feasibility - (Continued) 

Present results project saturated steam costs of about $2/106Btu in 
1978 dollars.for a 1,288,000 lb/hr constant steam demand and a 15% 
discount rate. Oil based superheat would increase the steam cost to 
about $2.20/l06Btu; this is roughly equal to the cost of superheated 
process steam from a Case 7 coal based plant with a 0.85 plant availabi
lity factor and burning high sulfur coal costing $1. 7_0/106Btu or ~37/ton. 

1.2.3 Technical Feasibility 

All PE-CNSG and coal-fired process steam generation systems studied 
are technically feasible. Both types of systems represent essentially 
state-of-the-art technology. An application of the PE-CNSG would be a 
First-of-a-Kind (FOAK) installation and as such the Nuclear Regulatory 
Cormnission (NRC) would have to be satisfied concerning the PE-CNSG 
safety features. There is no reason to anticipate that the PE-CNSG 
would prove technically unsatisfactory to the NRC in light of both its 
small size and its application of essentially state-of-the-art 
technology. Considerable preparation for soliciting NRC approval has 
already been factored into the PE-CNSG design. 

The coal plant poses no apparent problems from a technical licensing 
standpoint. However there is a degree of uncertainty about future en
vironmental requirements. Based on current environmental regulations, 
the coal plant design studied are acceptable in the Victoria, Texas 
area if the flue-gas is scrubbed. 

1.3 Study Scope 

This feasibility study has been designed specifically around the re
quirements of the.Du Pont plant site at Victoria, Texas. The study in
cludes site, technical, and economic comparisons between B&W's PE-CNSG 
and coal-fired facilities for the generation of up to 1,000,000 lb/hr. 
of process steam at 550 psig and 750°F. Several alternatives of each 
concept (nuclear/coal) have been investigated, some of which inGlude 
cogeneration of electrical power. PE-CNSG and coal cycles have been 
individually developed to make best use of the potentials inherent in 
each, subject to the conditions required by the Du Pont plant site ap
plication. The most economically attractive nuclear and coal options 
are compared in detail. 

In order to insure that this study is compatible with the specific plant 
site, Du Pont has supplied certain site, technical, and economic informa
tion. This information includes· site layout and topography, suggested 
study sites, soil and subsoil data, and economic inputs including state 
and local tax rates, insurance rates, labor rates, and backup steam 
supply costs. Information not supplied by Du Pent has been estimated. 
All of the above parameters are documented in the body of the report. 
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1.3 Study Scope - (Continued) 

Significant study premises are itemized below: 

( 1) Du Pont supplies,· at ··the!ir existing header; deaerated a_nc1_ ____ _ 
-·-treate-d-boife-r ':feed.water . (including···ir\ake.tip) --lii- sufficient 

quantities for each study plant. The feedwater is supplied 
at 50 psig and 280°F. 

- .. 
(2) __ pu __ Po;nt,_J:::§C~iv~s,. at t:hei.r ~xistinq_heade_r_, _550 ps.:i,.q,_750°F. _ 

steam from the study plants. Two of the five nuclear study 
plants supply saturated steam to the process. These plants 
were studied to gain insight into the effects of superheating 
with fuel oil and of operating the PE-CNSG at reduced-load. 

(3) Study plants having different availabilities, capacities or 
operating life are equalized economically by charging the 
study plant with the number 6 fuel oil equivalent of any 
steam deficit with reference to the steam flow requirement. 
In so doing, each plant is compared on the ba~is of equal 
total Btu production over the life of the project. 

( 4) Study plants having power generating capability are charged. 
a utility backup fee for capability in excess of 15 MWe. 
Auxiliary power and/or net power generated by study plants 
is routed through Du Pont's existing substation, PPS-3. 

(5) Service water, pot-able water, and fire water are provided 
by D~ Pont at existing headers. 

(6) Estimates include provisions for absorbing additional heat 
rejection loads resulting from the operation of the study 
plants. 

(7} The study plants include provisions for all other items 
necess·ary for engineering, construction· and operation. 
The cost of Du.:Pont internal administration and management 
has not been estimated. 

This feasibility study compares the PE-CNSG with coal-fired alternatives. 
No attempt has be.en made to compare these systems with those facilities 
currently being operated by DU.Pont. 

1.4 System Designs 

1.4.1 Nuclear Systems 

The PE-CNSG is an integral pressurized water reactor (PWR} press.ur.
ized by an electrically heated, external pressurizer. The ·reactor pumps 
are of the wet-motor type with impeller located within the reactor 
vessel. The stecm generator consists of 12 modular, once-through units 
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1.4.1 Nuclear Systems - (Continued) 

located above the top level of the core in the annulus between the 
core and pressure vessel. See Figure 1-7. Steam from the steam genera
tors is delivered to reboilers where tertiary (process) steam is genera
ted. This process steam is then delivered either directly to process 
or to a fired superheater as required. Electrical power can be generated 
in the secondary steam loop if total secondary steam is not required 
for process steam generation. 

See Figure 1-8 for the PE-CNSG containment arrangement and Table 1-3 
for reactor coolant system design parameters. Reference 1 gives a 
complete description of the basic PE-cNSG system, and Section 3. of 
this report summarizes the design features particular to this study. 

Five configurations of this standard PE-CNSG were designed and studied. 
Reboiler, superheater, fuel cycle and electrical generation designs 
have been varied. See Figure 1-9 for the simplified diagram of the 
cases. The following design points were considered: 

Case 1 - 810,000 lb/hr maximum (649,000 lb/hr average) process steam 
at 550 psig, 750°F. Du Pont to supply steam in excess of 
810,000 lb/hr. No electrical generation. Plant Factor, 0.41. 
Fig. 3-6 

Case 2 - 1,000,000 lb/hr maximum (723,000 lb/hr average) process steam 
at 550 psig, 750°F. No electrical generation. Plant Factor, 
0. 45 - Fig. 3-7 

Case 3 - 810,000 lb/hr maximum (64.9, 000 lb/hr average) process steam 
at 550 psig, saturated. No electrical generation. Plant 
Factor, 0. 41 - Fig. 3-8 

Case 4 - 1,288,000 lb/hr process steam flow (maximum that the CNSG 
with reboilers will deliver) at 550 psig, saturated. No 
electrical generation. Plant Factor, b. 80-- - Fig. 3-9. 

Case 5 - 1,000,000 lb/hr maximum (723,000 lb/hr average) process steam 
flow at 550 psig, 7500F with provisions for generating con
densing cycle electrical power with reactor· secondary steam 
when system is delivering less than design-steam flow to pro
cess. Plant Factor, 0. 80 - Fig. 3-10. 

·Plant Factor is-defined as annual energy output divided by maximum pos
sible annual energy output asst.uning continuous;. full ·J_oad:reactor 
operation. 
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1.4.2 Coal Systems 

Four coal-fueled boiler cycles were studied and each cycle was deve-loped 
to fire either high-sulfur Illinois coal (10,900 Btu/lb) with flue gas 
scrubbing or lew-sulfur Wyoming coal (8,250 Btu/lb) without flue gas · 
scrubbing,· for a total of eight. coal plant designs. See Figure 1-10 for 
a typical scherr:atic arrangement of a high-sulfur coal-fired steam gene- . 
rater system. Each of the coal plant designs satisfies the 1,000,000 
lb/hr peak process steam flow requirement. Electrical cogeneration was 
investigated to more fully utilize the potential of the coal plant 
concept. The following cases were considered: 

Case 1 - 1,000,000 lb/hr maximum (723,000 lb/hr ave~age) process steam 
flow at 550 psig, 750°F. No electrical generation. Boiler 
designed at 580 psig, 7500F. Illinois Coal. Plant Factor, 0.67 

Case 2 - Same as 1 except Wyoming Coal. 

Case 3 - 1, 000,000 lb/hr ma.ximum (723, 000 lb/hr average) process steam 
flow at sao psig,. 750°F with steam flow not requi~ed for. pro
cesS directed through a condensing cycle turbine-generator. 
Boiler designed at 580 psig, 750°F. Illinois coal. Plant 
Factor, o. 92. · 

Case 4 Same as 3 except wyoming Coal. 

Case 5 - 1,000,000 lb/hr maximum (723,000 lb/hr average) process steam 
flow generated at 1,500 psig, 950°F, and delivered to process 
at 550 p~ig, 750°F through a: back press-qre turbine-generator. 
Illinc,is Coal. Plant Factor, 0. 67. 

Case 6 Same as 5 except Wyoming Coal. 

Case 7 - 1,000,000 lb/hr maximum (723,000 lb/hr average) process steam 
flow generated at 1,500 psig, 950°F and delivered to process 
through an extraction-condensing turbine-generator at· 550 psig, 
75oop. Illinois Coal. Plant Factor, 0.92". 

Case 8 - Same as 7 except Wyoming Coal. 

Plant Factor is defined in Section 1.4.1. 

1.5 Summary of Recommendations 

The economic analyses have shown that on an all-equity, NPV basis, the 
nuclear plants are not competitive economically with coal fired plants· 
for this specific application under the present ground rules •. A· 
nl.lillber of constraints particular to this ·applica.t.ion have. been. i"dentified 
which seems to place an economic penalty on tht: nuclear option. The 
following· recommendations, if pursued, might determine if removal of 
the· constraints would bring about a significant improvement in the 
relative ranking of small industrial reactors. 



1.5 Summary of Recommendations- (Continued) 

(1). Consider debt financing in cash flow analyses. This is 
necessary due to the wide differences in capital investment 
required between the nuclear. and coal plants. 

(2) Study the economics of converting existing plants to accept 
saturated steam. This improves the -economcis of the CNSG 
plant considerably, especially as the steam demand increases 
towards the CNSG generating capacity. 

(3) If use of saturated steam is not feasible, consider alterna
tive fuels for superheating, including waste or by-product 
fuels. Since Du Pont is currently firing their waste fuels 
to produce steam, this recommendation does not apply to 
them. It is stated here as a recommendation for similar 
applications where waste or by-product fuel sources exist 
but are not ~eing used to generate steam. 
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Figure 1-7 PE-CNSG Reactor Vessel 
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FIGURE 1-8 

355 ~1Wt PE-CNSG CONTAIN:,~ENT ARRANGE~~ENT 
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PROCESS STEAM fi'LOW - LB/HR 
DESICli ci:INDI'J'ION.' PRESSURB - PSIG 

TllHPEAA'I'URE - 0 P 

DESIGN POWER GENERATION 11!1 (GROSSI 

LAND 

STRUCTURBS AND II'IPROVEMEIITS 

REACTOR PLANT 

'!'URSINE PLANT 

SECONDARY/TERTXARr/SUPERHBATER 
SYSTEMS 

ELECTRICL PLANT 

MISCELLANEOUS PLANT EQUIPMENT 

OTHER COSTS 

UNDISTRIBUTED COSTS 

SUBTOTAL 

. CONTINGENCY 

TOTAL ES'J'IHA'J'B 

0 SATURATED STEAK 

CNSG 

i6 

23,921 

58,6U 

----
3,027 

7,466 

2,978 

2,200 

16,090 . 

114,460 

6,327" 

1 

810,000 
550 
750 

0 

SUPER-
HEATER ' 
PROCESS SUB-
INTER- TOTALS 
FACING 

--- 96 
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--- ---
4,178 7,805 

-- "7,466 
i --- 2,978 

--- ~.:zoo 

!.!!!!. ~ 
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550 550. 
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0 0 
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4 5 
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550 550 
4H• 750 

0 l4 
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CNSG PROCESS SUB- CNSG PROCESS SUB-
INTER- TOTALS INTER- TOTALS 
FACING FACING 

96 ---- 96 96 ---- 9G 

24,022 634 24,636 "24,264 863 25,127 

58,682 --- 58.682 58.682 --- 58,68.2 

--- --- --- 6,346 --- 6,346 

4,244 3,091 7,3]5· 3,975 5,101 9,076 

: 
7,46~ --- 7,466 8,881 1,09) 9,974 
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PROCESS STEAH FLO II - LB/KR 
DESIGN CONDITIONS PRESSURE - PSIG 

~EHPERA~URB - •p 

DESIGN POWER GENERATION Mil (GROSS) 
TYPE OF COAL 

LA.'iD 

SITEWORII 

BUILDINGS AND STRUCTURES 

COAl, YARn 

GTCAH GCtiCIIATOR 

TURBINB-GBNBRATOa 

PROCESS MECHANICAL EQUIPKBNT 

ELECTRICAL 

CIVlL-STRUCTURAL 

PROCESS PIPING AND INS~RUMBIITAftON 

FLUB GAS DI:SULFURIZA'liON FACILI~IES 

UNDISTRIBUTED COSTS 

SUBTOTAL 

CONTINGENCY 

TOTAL ESTIIIATB 

1 
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. CXlAIO PLAII~ CAPITAIO CXlS~ ES~IIIJITBS · 
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Table 1-3 Reactor Coolant System Parameters 

NO~UNAL VALUES 

Design Performance Summary 

Power 

Ste·am pressure at SG outlet (at full load) 

Steam tempe~ature at SG outlet .: 

Steam flow 

Feedwater inlet temperature 

Nominal core inlet temperature 

Nominal core outlet temperatw;-e 

Reactor vessel average temperature 

RCS flow 

Equipment Data/Design Performance Data 

No. of SG modules 

RCS total pr'.mary volume 

Primary water v·:>lume 

Pressurizer gas volume 

Reactor Vessel ID 

No. of Control ~od Assemblies 

No.· of fuel assemblies 

RO P~P flow ( fc;>Ur used) 

RC pump head 

RC pump ·expected power, hot 

Pressurizer 
Overall length 
Sheel OD 

1-22 

Metric. 

365 MWt 

5.52 MPa 

191 kg/s 

204°C 

309.4°C 

3289 kg/s 

12 

106.9 m3 

99.8 m 3• 

7.08 m3 

3.99 m 

17 

57 

1.196 m3/s 

32.31 m 

0.326 MW 

8.969 m 
2.013 m 

.. 

. English 

365 MWt 

800 psia 

Sl8°F 

1.512 x 106 lb/hr 

400°F 

589°F 

26.06 x 106 lb/hr 

12 

3775 ft·3 

3525 ft3 

250 ft3· 

157. in. 

17 

57 

18,950 gpm 

106 ft 

437 hp 

29 ft, 5.125 in. 
79.25 in. 
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2.0 INTRODUCTION 

To date, there have been no domestic applications of nuclear steam 
generation for· industrial applications. Until the advent of the small 
PE-CNSG, nuclear plants had been much too large to consider for use by 
a single industrial user. Also, in the Gulf Coast area, the incentive 
for industrial users to convert from inexpensive, plentiful, and clean 
natural gas fuel has been virtually nonexistent until the pending fossil' 
fuel shortage was recognized recently. 

With the s.ta::ted national goal of energy independence coupled with the 
domestic fuel oil and natural gas shortages and large oil import re
quirements at increasing and unpredictable· cost, attention has been 
focused on increased utilization of abundant domestic fuels. The most 
abundant domestic fuel is coal, followed by nuclear fuel. Therefore, 
the current interest in energy production is now centered on the utiliza-. 
tion of these two fuels. The Gulf Coast is an area in which an in.- . · 
dustrial nuclear steam generation plant might prove economically at
tractive. Major coal deposits are located some distance from the Gulf 
Coast, and coal prices are expected to contribute to the nuclear plant 
appeal along the Gulf Coast more so than at other locations nearer coal 
supplies. 

The B&W PE-CNSG. is a small nuclear reactor, being approximately one
tenth the size and output of central generating station reactor plant. 
The 365-MW thermal capacity of the PE-CNSG is suited for applications 
requiring 1 to 1.2 million lb/hr of process steam. While the PE-CNSG 
is a pressurized water reactor (PWR) and designed to deliver saturated 
or slightly superheated steam, it is feasible to superheat this steam 
in an external fossil fired superheater with some economic penalty. 

The technical and economic feasibility.-of using the PE-CNSG to provide 
process steam for industrial use has been found attractive for the hypo-· 
thetical "Middletown, u.s.A." site in previous studies by ERDA, ORNL, 
B&W, and UE&C (Reference l). It is the intent of this study to determine 

. PE:_CNSG. fe·a-s1bility-'f6r- an 'actual plan-tsite·; namely-; Du P'orit Is site ·at --
Victori·a,· -T-eXas. - --··- ----------- · -- ----- - --- ·-----

The ou Pont site was chosen as a study site because it is within the 
range of PE-CNSG applicability and is typical of large industrial steam 
users. In addition, DuPont and other Texas industries are faced with 
cutbacks in their current natural gas supplies and increases in the 
price of natural gas. Therefore, if industry is to expand its opera
tions, or even maintain current output, an alternative fuel is going 
to have to be utilized. Du Ponthas already made provisions to burn 
number 6 fuel oil as a backup fuel, and the evaluation of coal as an 

· ·· a:lternatfve -fuei.-has· already been. in~tiated by Du_Pont. - . 

--The- s"tud."y r"eporf --herein has- been- desfgned--to -66mpYemerit Du p()nt Is. in-
. ·house effo-rts· to find economical alternative sources of ene-rgy for pro~ -

cess steam production. Coal has been chosen for comparison with the 
nuclear option because Du ?on-t is also studying coal and because coal is 
the most plentiful domestic fuel and offers promise of being economically·· 
attractive. 
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2.0 INTRODUCTION - (Continued) 

The nuclear plants and coal plants considered in this study have been 
designed to match, in steam output and conditions, the following Du Pont 
requirements: 

Stearnflow: 
Peak 
Annual Average 
Pressure 
Temperature 

1,000,000 lb/hr 
723,000 lb/hr 

550 psig 
750 Op 

While a coal plant can be sized and optimized around the stated condi
tions, the PE-CNSG capacity is fixed by design except for changes in. 
·::>perating mode and auxiliary equipment. The DuPont requirements do 
not fully utilize the steaming capacity of the PE-CNSG, but.the nuclear 
?laLts studied have been optimized by including by-product electrical 
?OWer to make more efficient use of the available steaming capacity. 

The coal plants studied have been optimized as well through_the incqr
poration of backpressure and/or extr~ction-condensing cycle ele·ctrical 
power generation. 

This study has been a cooperative effort. Those participating in the 
study are the following: 

Oak Ridge National Laboratory (ORNL) 
Power Systems Engineering, Inc. (PSE) 
The Babcock and Wilcox Company, Nuclear Power Generation 

Division (B&W) 
United Engineers and Constructors, Inc. f.UE&C) 

_--·-:E. ~-~-::--Du_ PoJ!:~ ·~n~ __ tJemours ~nd 9omp~ny,. InC".·: (Du Pont) 

The study has been funded by the Department of Energy (DOE) • 
D'l..l Popt-_:prc:iviqed. all- in~orinati9-n- necessary to interface·- this- study .. ~ with 
their req-uirements, and without bu -Pont's ·signif.l.cant c"ontribution, this 
study would not have be.en possible. 

The study was directed by ORNL with PSE acting as study coordinator. 
PSE was responsible for the physical interfacing of all study plants 
to the existing o~, Pont· system and for the development of all coal plant 
aspects of the study. The economic evaluation of alternatives was the 
responsibility of PSE as was the assembly of this final report. B&W 
and UE&C were responsible for all aspects of nuclear study plant 
development, site evaluations and reporting. 
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3.0 SYSTEMS DESCRIPTIONS 

3.1 Design Requirements 

3.1.1 Description of Existing Plant 

3.1.1.1 General 

The site is large with adequate space for either the coal or nuclear 
alternative. Access to the site is by highway (Texas 185), daily 
rail (Southern Pacific and Missouri Pacific), and sea-level barge canal 
approximately 100 feet wide and 10 feet deep ( 8 feet deep into the plant) . 
The Guadalupe river is adjacent to the barge canal. The site is at 
an average elevation of 65 feet MSL, or about 30 feet above the 100-
year flood level. The nearest residential population center to the 
plant is about 3 miles distant having a population of about 500 people. 
The city of Victoria is about 10 miles away and has a population of 
approximately 50,000. The principal use of land adjacent to Du Pon~s 
property is for beef cattle grazing and farming. It is expected that 
the surrounding areas will tend towards industrialization in the future. 
Figure 3-1 locates the site. 

Du Pont is a net purchaser of electr'ical· power at the present time and 
the present electrical demand exceeds the generating capacity of all 
systems studied herein. Total steam production capability is 2.3 x 
106 lb/hr. 

Cooling water and plant runoff are held in a pond for analysis and treat
ment prior to discharge into the river. 

3.1.1.2 Historical and Structural Geology 

The tertiary structures in the Gulf region, known as growth-faults, 
consist of a series of generally gulfward oriented faults in Louisiana 
and Texas initiated as a result of slumping, and often associated with 
salt or clay. The age of development and formation_of the faulting ~s· 
lower for faults nearer the Gulf. The oldest ~leistocene structures 
occur closest to the present shore and appear as large isolated salt 
deposits while the recent ~leistocene and salt structures are developing 
further south on what is known as the continental shelf. The sedimenta
tion process presently is taking place in this area. 

The thickness of the Quaternary strata reaches 12,000 feet of hard 
clays and silts (neritic deposits) which alternate with dune sands and · 
hard clays and silts (shore deposits). Subsidence, consolidation, ero
sion and sedimentation as well as oxidation are some of the common 
features of this phase. 

The structural geology of the Gulf Coastal Plain is rather complex and 
started its development more than 230 million years before present 

___ {myb_E) ~ _ ~l_le __ P_:L~5_e!lce of_ §~l_t -~~ __ i_t~ l_!lO~~e~~ __ d~r~ng_ th~ Te£!-~a_Ey __ _ 
(65 to 2 mybp) have been responsible for the development of many __ types· 
of salt structures. This motion has been sustained by continued sedi
mentary loading in the Gulf. Also, a system of normal faults are known-·--·-
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3.1.1.2 Historical and Structural Geology - (Continued) 

to have aevelopec in association with the development.of salt domes. 

In contrast to these, another system of structures known as growth 
faults exists in the Gulf Coastal Plain. These faults are most of the 
time dipping southward 40 to 60 degrees. This angle decreases as the 
fault extends dovmward, essentially becoming a bedding plain fault. 
The results therefore are essentially within the sedimentary. sequence 
and not an extention of the deeply buried tertiaric structures. The 
movement of these faults is contemporaneous and associated with sedi
ment deposition. Since this is a rather slow phenomenon, it is be
lieved that strain accumulation leading to sudden movement and generation 
of seismic energy cannot take place. 

3.1.1~3 site Geology 

A detailed geologic study on a rectangular area 5.4 x 8.1 miles with the 
DuPont Victoria Plant at the center was prepared by Wrn. H. Price. Co., 
Austin, Texas, with the purpose to determine the Oakville-Catahoula 
Strata injection capacity. The study shows that this is an area of 
massive sand development in the lower Miocene interval. It further 
indicates that the study area exhibits typical coastal geology with the 
sands dipping toward the coast and broken by down-to-the-coast faulting. 
Only minor faulting (less·,.than 200 feet throw) occur in the study area, 
although major faulting on the order of 1000 feet occurs several mile's 
to the southwest and to the east of this region. It appears that a 
deep-seated salt intrusion occurs beneath the plant site area causing 
a local anticlinal structure which is fragmented by minor faulting. 

The base of the P-leistocene (lissie) consists of fresh water sand which 
is the main aquifer (300 - 350 fee~ from whi~h sanitary water is obtained.· 
The Pleistocene continues to the surface with marine clays of the outer 
coaster plain, known as Beaumont and having a thickness ot about 500 
feet. The Guadalupe River is the main supplier of water for the plant 
which requires about 30,000 gpm. 

The soil reports made available by Du Pont show six borings labout 200 
feet) which are located 1500 feet SE of the proposed PE-CNSG site. The 
boring supervision and testing of samples was performed by Trinity 
Testing Laboratories, Inc., Austin, Texas, who also prepared the founda
tion report. The results confirm a characteristic common to the Texas 
clays, the upper layer generating volume change problems, i.. e. , swelling 
or shrinkage depending on the conditions which are present. As the 
volume-change of these mostly bentonitic type clays affects mainly the 
surface layers, deep foundations are devoid of these problems if properly 
treated. 

The borings have indicated the presence of expandable soils up to 16 
feet from the surface. ·These consist of clay and sand clay with caliche 
and do normally require special treatment if foundations are placed on 
them. Below this depth normally follows silty sands and then sandy 
clay. These soils are dense or stiff and possess higher bearing values. 
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3.1.1.3 Site Geology - (Continued) 

Past experience with nuclear plants in the Gulf Coast area shows that 
plants located in similar soils and geologic conditions can be licensed. 

3.1. 2 Steam and Power Requiremen:ts 

Du Pont c~rrently operates two. natural gas/~ste-fuel-fired steam gene
ration:Syl?_tejnf?_ ~~~~-~_umber.~_ oii -~ackup: 

(1) 650,000 lbihr, 550 psi/saturated steam directly to process. 
Steam is delivered to process at 550, 175, and 15 psi. 

· (_2) 1,400,000 lb/hr, 550 psi/7500F. Nornal generation is about 
1,200,000 lb/hr annual average. In this system are numerous 
power turbines exhausting at 175 psi with exhaust steam being 
desuperheated and delivered to proc:ss. Total mechanical 
power generation from steam is appr~ximately 20,000 horsepower. 

The second system, (2), is the one which was "replaced" for the feasibi
lity study. Since a certain amount of steam must be generated in this 
system out of the necessity to burn waste fuels, the levelized annual 
nuclear or coal steam generation delivered to the Du Pont system must 
be limited to 723,000 lb/hr at 550 psi/7500F. Sin~e existing power 
t_urbines are to be maintained, the PE-CNSG/coal system interface is 
the existing 550 psi/7500F steam header. 

DuPont. supplies deaerated feedwater with a conductivity of one micromho 
or better at approximately 50 psig and 2800F_ Therefore, the interface 
for feedwater is at DuPont's feedwater header, with boiler feed p\.unps 
being the first major equipment in the study scope. 

3.1.3 Study Premises 

Significant study premises are iternized.below: 

(1) Du Pont . supplies, at their existing r_eader, deaerated and 
treated boiler feedwater (including makeup) in sufficient quantities 
for each study plant. The feedwater is supplied at 50 psig and 280°F. 

(2) Du Pont receives, at their existing header, 550 psig, 7500F 
steam from the study plants. Two of the five nuclear study plants 
supply saturated steam to the process. These plants were studied to 
gain insight into the effects of superheating with fuel oil and of 
operating the PE-CNSG at reduced load. 

(3 )' Study plants having differept availabilities, capacities, or 
operating life are equalized economically by charging the study plant 
with the number 6 fuel oil equivalent of any steam deficit with reference 
to the steam flow requirement. In so doing, each plant is compared on 
the basis of equal total Btu production over the life· of the project. 
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3.1.3 Study Premises 

. _(4) Study plants having power generating capability are charged 
a utility backup fee for capability in excess of 15 MWe.. Aux_iliary 
power and/or net power generated by study plants is routed through 

________ 12_1:1 ~-9!?-~~s __ e?C~St~ng -~ubs:t:ati_on, _PPS-3 .. 

(S) Service water, potable water, and fire water are provided by 
_ .Cu Pont a,t exis~ing heade;-s. 

(6) Estimates include provisions for absorbing additional heat 
~ejection loads resulting from the operation of the study plants. 

(7) The study plants include provisions for all other items neces
sary for engineering, construction and operation. The cost of Du Pont 
internal administration and management has not been estimated. 

This feasibility study compares the PE-CNSG with coal-fired alterna
tives. No attempt has been made to compare these systems with those 
facilities currently being operated by Du Pont. 

3.2 Study Systems 

3.2.1 Process Energy - Consolidated Nuclear Steam Generator Facility 

3.2.1.1 Plant Layout 

The plant layout and balance of plant (BOP) design for this study are 
based on a previous land-based PE-CNSG industrial appli~ation study 
conducted by B&W in conjunction with UE&C. The objective of this study 
~as been to modify the previous study plant layout, conceptual design, 
.and cost estimates to incorporate the site-specific and user-related 
criteria of the existing-~u Pon~. plant. 

·-----Thi-s se-ction-ci.i.scusses--the--s.ite layout and plot-pian for the PE-CNSG 
-·----for·- the -Du J?c;m~·-sit~-: ·The major-factors affecting- the layouts are first 

discussed, followed by a de-scriptiQn of the actual layout for the site. 

As discussed in Section 3.1.1.3, the site is characterized by soils 
which are prone to significant amounts of heave and settlement. Based 
upon these and other soil characteristics expected to be encountered 
at the site, a "floating foundation" concept was selected. This found~ 
ation concept consists of a thick concrete mat supporting one building 
(called "nuclear island") which houses all safety-related systems and 

which would further ensure evenly distributed loads on the foundation 
mat to minimize giferential settlements. Hanford Nuclear Plant 
(Units 3 and 4) for Washington Public Power Supply System is an example 
of a central station nuclear plant using the "floating foundation" 
concept because of soil conditions similar to those ·at the-~~-Pont site~--

Soil conditions also have a ·miijor· influence on the type of ultimate 
heat sink employed. A once-through intake and discharge system may be 
feasible for the site, but licensing preble~ may arise because of soil 
conditions which are far from ideal (such as the plant founded on rock) 
for such a ·system. To avoid these potential problems a two-cell wet 
mechanical draft cooling tower with a basin for a 30 day supply of 
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3.2.1.1 Plant Layout - (Continued) 

makeup water is used. In any case, the difference in capital costs 
for the cooling tower and the once-through systems is believed to be 
small and cannot have a significant effect on the economic· conclusions 
of this study. 

Off-site power requirements of the nuclear plant were met by tapping 
the two independent 138 KV lines which serve the existing plant. A 
transformer is used for each 138 KV line to reduce the voltage to 
4.16 KV. A circuit from each transformer is routed to the proposed 
PE-CNSG plant via an underground duct bank. 

The site layout and plot plan based on these basic criteria were de
veloped as shown in Figures 3-2 and 3-3- respectively. The particular 
location shown for the nuclear plant was sel~cted for study purposes, 
and no attempt was made to determine if alternate locations may be 
more desirable based upon safety and/or economic considerations. The 
nuclear island, as discussed previously, contains the reactor service 
building which houses the reactor containment, the ultimate ·heat sink 
with the water reservior, the diesel generator, the fuel oil storage 
building and the control building. The borated and demineralized water 
storage tanks are located on the roof of the reactor service building. 
The nuclear island proposed is considered to be a reasonable concept 
for the particular geological and soil conditions expected at the Du Pont
site. The cost estimates assume that the reactor service, control- - --·-
diesel generator, and diesel fuel oil storage are contained in separate 
buildings, which is the basis for previous PE-CNSG studies. Specifi
cally, it is assumed that the cost of the nuclear i~land is equal to 
a concept utilizing separate building. It is more than lik~ly, however, 
that the nuclear island with a floating foundation will require ad
ditional strength in the mat, exterior walls, some interior walls, and 
the roof. While an evaluation of the additional cost is beyond the 
scope of this study, it is believed that the direct capital costs for 
the nuclear plant possibly may be higher by an amount up to $2,000,000 
for an installation using this concept. The cost estimates presented 
in Section 4.0 do not reflect this potential additional cost. 

The administration and process heat service buildings provide space 
for offices, change rooms, maintenance shop, spare parts storage, etc. 
The process area is an open area with ground floor slab and individual 
equipment foundations and supports. All facilities are located in two 
main sections that are joined by an underground piping tunnel which 
permits the installation of an access road through the middle of the 
plant layout. The access road permits easy movement of equipment and 
personnel around the site. 

For the purposes of this study, it is assumed that the bottom of the 
foundation for the nuclear island is approximately 35 feet below 
existing grade. 
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3.2.1.2 Nuclear Steam Generating System 

The Consolidated Nuclear Steam Generator (CNSG) concept was originally 
developed to provide propulsion power for commercial nuclear ships. 
This marine nuclear propulsion-system, on which the PE-CNSG for in
dustrial u~e ~s based, evolved as an ?dvanced ship propulsion reactor 
having size, weight, and reactor safety benefits. The CNSG design was 

-an--extension and advancement- of Bab-cock & Wilcox Is exper-ience beginning 
in the late 1950s with the company's activities in the NSS Savannah 
program. Design modifications to the basic concept have been made as 
a result of design reviews by both governmental and industrial groups. 
Modifications to the marine CNSG design were made only to change the 
design to landbased application where significant benefits could be 
realized. 

··3. 2 .1. 2.1 Reactor Coolant System 

The PE-CNSG is an integral presstirized water system in which the core, 
steam generator, and re<?-ctor pumps are located within the 157-inch 
inside diameter cylindrical reactor vessel (Figure 3-4) • An electrically 
heated pressurizer of conventional design is connected externally to 
the pressure vessel to maintain the coolant in a sub-cooled liquid 
condition. 

The steam generator consists of 12 modular once through units located 
above the top level of the core in the annulus between the core and· · 
pressure vessel. A steam generator module can be isolated in the un
likely event of t.ube failure, with total steam output being reduced 
by only about 8%. Each steam generator module incorporates counter
flow heat transfer with shell-side boiling to produce saturated steam. 
The control scheme developed for this application m~intains the reactor 
coolant average temperature constant at 589°F between 100% and 50% 
power and decreases the temperature linearly between 50% and 0% load. 
The steam pressure varies from 800 psia ~t 100% power to 1100 psia 
at SO% power and remains constant at L~OO psi a below 50% power. 

Four primary coolant pump motors are mounted on the reactor vessel 
head with the shafts·passing through the head to the impellers inside 
~~e vessel. The pumps are rated at 18,950 gpm and 106 ft head are 
vertical, single-stage, single-suction, constant-speed mixed-flow units. 
They are glandless, wet stator/rotor machines with no mechanical seal 
between the pump and motor. The pump motors are cooled by an external 
heat exchanger. 

T~e reactor core consists of 57 fuel assemblies with Zircaloy-4 tubes 
cont~~!?-i~g --~l_i_g!l_~ly_ ~n-~~-~h~4 _ U02 pelle~s ___ enc.~osed by_ w~lded end plugs. 

---Tunes containing fuel are supported ·in assemblies by a spring-clip 
----·grid structure and end fittings. The- 17. control rod assemblies, which 

C·::)ntrol reactor power, are clusters of neutron absorber rods containing 
B4C that move in guide tubes within the fuel assemblies. 
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3.2.1.2.1 Reactor Coolant System - (Continued) 

During operation the reactor coolant is pumped downward through the 
steam generator tubes where the coolant transfers heat to the secondary 
side feedwater, thereby producing saturated steam. Leaving the steam 
generator modules, the coolant flows downward over mixing vanes and 
then turns upward into the core at the bottom of the reactor vessel. 
Heat generated by fission in the nuclear fuel raises the coolant 
temperature as it passes upward through the core. The coolant continues 
to flow upward until it reaches the reactor coolant pump suctions. 

Reactor coolant system parameters are shown in Table 3-1. 

3.2.1.2.2 Auxiliary Systems 

A number of auxiliary systems are required to support the reactor 
coolant system. Major systems are listed below with a brief functional 
description. 

Makeup and Purification System - Regulates inventory of the reactor 
coolant system during all modes of operation and removes corrosion 
products, fission products, and other impurities from the reactor coolant. 

Decay Heat Removal System -· Removes fission product decay heat from 
the reactor core during normal cooldown or following reactor trip and 
during shutdown, and provides cooling water injection to the reactor 
vessel and core under emergency conditions. 

Emergency Decay Heat System - Removes heat from the reactor coolant 
system via the steam generators during accident conditions. 

Chemical Addition & Boron Recovery System - Transfers, stores, re
covers and thereby changes concentration of bcric acid in the reactor 
coolant system during normal operation. 

Reactor Plant Service Water System - Supplies cooling water to · 
the reactor plant from the available water sources. 

Component Cooling Water System - Transfers heat from various 
sources in the reactor plant to the reactor plant service water system 
via heat exchangers. 

- ---- -·containmemt -DryWell .... Cooling system"-~- Re~9_ve~_h~a~_ --~rom -~~~- con--- .. ·-·
_ ~}.nme_?t drywell atmosphere during both_ !!~~1 operati~g __ ~!l~ eme!"_gency 

loss~of-coolant accident (LOCA) conditions. 

Reactor Building. Ventilation System - Provides ventilation of 
various areas in the reactor building and controls release of radio
active gases to the environment via filters. 

Radwaste Disposal System - Collects, stores, and disposes of all 
solid, l~qu~d, and gaseous wastes generated by normal operation of the 
reactor plant. 
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3.2.1.2.2 Auxiliary Systems - (Continued) 

Post-LOCA Combustible Gas Control System - Injects Halon 1301 into 
containment following a LOCA to prevent ignition of hydrogen. 

Sampling System - Pro·vidE;s a means of remotely sampling primary 
coolant, key auxiliary system effluents, and all waste gases. 

Su:ppression Pool Cooling System - Haintains the. containment sup
pression pool water temperature and chemistry at required levels during 
normal and emergency conditions. 

3. 2 .1. 2. 3 Reactor Plant Instrumentation & Control Systems 

The following sub-systems comprise the reactor plant instrumentation 
and control systems and provide for control, monitoring and safe shut
down of the reactor plant. 

Integrated Control System 
Nuclear Instrumentation System 
Reactor Protection System 
Non-Nuclear Instrumentation and Control Systems 
Engineer~d Safety Features Actuation System 
Safety-Related Control and Instrumentation System 
Control Rod Drive Control System 
Incore Monitoring Systems· 

3.2.1.2.4 Containment 
• 

The PE-CNSG nuclear steam system is. enclosed by a containment vessel the 
purpose. of whfch··-is. to-···c:oncie.nse . and contain the steam-water. mixture. that 
·would discharge from a·postul~ted pipe break in the PE-CNSG. 

The pressure-suppression containment (Figure 3-5) comprises a dry well 
into which the steam-water mixture expands after being discharged 
through the break, a wet well containing a large volume of water for 
condensing the steam as it discharges through the vent pipes, and a 
suppression system air space into which the containment non-condensable 
gases are collected after condensation of the steam :in the wet well. 
Because the steam is condensed in the wet well, the PE-CNSG containment 
can be relatively small and still produce a reasonably low design 
pressure (105 ps:i.g}. The large PWR nuclear power plants do not have 
pressure-suppression containments and, thus, with the rapid release 
of steam-water mixtures, the containment must be very large to maintain 

· a reasonably low design pressure. 

Because of the compact reactor design and resulting suitability of 
pressure suppression containment as well as :improved loss-of-coolant
accident (LOCA) transient characteristics of the PE-CNSG, the relatively 
small containment can be housed·w:i.th:i.n the reactor service building in 
contrast to the loop-type PWRs where the containment is a large sepa
rate structure outside the reactor service building. The pressure
containing wa_ll· of the cylindrical PE-CNSG containment is 38 feet :in 
d~~~~~~_by_64 =eet high. The containment is free-standing and bottom-
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3. 2 .1.. 2. 4 Containment - (Continued~ 

supported. An upper closure is provided for refueling, inspection, 
and maintenance. The containment has a normal personnel access at 
about mid-height, which ·is closed and sealed ·d:.Jring operation. Access 
to the area under the reactor vessel and through the NSS/containment 
load-bearing support plate is provided by an access tunnel and a bolted 
containment closure. 

The PE-CNSG containment is surrounded by a concrete biological shield 
which protects against direct radiation from the PE-CNSG core and in
duced radioactivity in the primary coolant. The concrete biological 
shield and the reactor service building itself provide two additional 
barriers to the containment for minimizing the accidental release of 
radioactivity to the environment. This is accomplished by controlling 
and isolating these areas and filtering the air that is released to 
the environment. 

3.2.1.3 Refueling, Maintenance, and Inspections 

The PE-CNSG fuel handling systems provide a safe, effective means of 
transporting and handling nuclear fuel from the time of its arrival 
at the plant in an unirradiated condition until its departure from the 
plant after post-irradiation cooling. Supporting systems have been 
designed to minimize the possibility of mishandling which could cause 
!uel damage or potential release of fission products. 

The land-based PE-CNSG uses a conventional method of "wet" refueling 
where all operations are performed underwater. Underwater transfer 
of spent fuel assemblies will provide an effective, transparent radiation 
shield as well. as a reliable cooling medium for removal of decay heat. 
Use of borated .. w.ater provides an added safety margin that will ensure 
subcritical conditions during refueling. Both new and spent fuel 
storage are housed in the fuel storage pool located next to the reactor 
containment inside the reactor service building. 

The refueling outage is estimated to be 30 days if performed every 12 
months, 35 days if performed every 18 months, and 40 days if performed 
every 24 months. The outage days shown include not only the refueling 
time but also time for maintenance and inspections. The additional 
outage time for longer refueling cycles is for estimated additional 
maintenance due to the longer plant operating time. 

The PE-CNSG has been designed to be highly accessible for the perfor
mance of Code-required inservice inspection. Through the use of remote 
examination devices, all the welds and components requiring examina -
tion under the rules of Section XI of the ASME Boiler and Pressure 
Vessel Code, 1975 Winter Addenda, can be examined. 

The initial inspection results obtained. prior to critical operation 
of the plant form the base map against which future inspection results 
will be compared. Any subsequent changes in inspection results recorded 
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( . . 
3.2.Jl...3 Refueling, Maintenance, and Inspections - (Continued) 

During the post operational inspection will be compared and evaluated 
- --against the original base data and Code-established fracture -·mechanics 

criteria. Manual scanning will be used wherever possible to provide 
econ·:)mical inspection. 

Pipi:1g and other associated components are designed taking maximum 
inspectability into account. Access requirements for the performance 
of inservice examinations required by the Code are well defined and 
will be applied to the maximum extent possible consistent with effective 
design and operation of the Nuclear Steam Plant. 

The PE-CNSG is cesigned to facilitate any maintenance that may be re
quired. In addition, the equipment is arranged for minimal· radiation 
exposure to personnel during maintenance or repair. For example, in 
the event that it becomes necessary to plug a defective steam generator 
tube, the straight-tube design of the steam generator facilitates the 
insertion and subsequent plugging of each end of the defective tube 
usin-g remote plugging techniques. Tube plugging wo.uld be conducted 
during a refueling outage when th~ vessel head and upper flow distributor 
are .removed. Sufficient water is added between the steam generator and 
the maintenance personnel so that radiation doses are acceptably low. 

3.2.1.4 Secondary/Tertiary sys~ems 

3.2.1.4.1 Introduction 

In· the process heat applications, it is desirable to have an additional 
loop or separation barrier between the reactor coolant (primary system) 
and the process steam (tertiary system) to minimize the possibility of 
radioactive contamination of the process steam. Although primary-to
secondary system leakage is not expected, the possibility of activity in 
secondary system steam is not excluded as a conservative design con
sideration. To avoid any possible radioactive carryover to the process 
:steam, a third loop or tertiary system is provided with process steam 
evaporators (herein referred to as reboilers) used to transfer heat 
fron the secondary system. Although operational experience may in
dicate that reb·:;>ilers can be eliminated from the design for certain 
applications, it is believed prudent to include them for initial plant 
des:..gn. 

3.2.1.4.2 Study Cases 

Five cases for supplying the process steam requirements of the process 
plant were devised and a reboiler system was designed for each case. 
Design points for each case are as follows: 

Case. 1 - 810,0010 #/hr process steam @ 550 psig and 7500F, - Fig. 3-6 

Case 2 - 1,000,000 #/hr process steam@ 550 psig and 750°F - Fig. 3-7 

Case 3 - 810,000 #/hr. process steam @ 550 psig, saturated - Fig. 3-8· . 

Case 4 - Maximum process steam that CNSG will deliver @ 550 psig 
saturated Fig. 3-9. 
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3.2.1.4.2 Study Cases - (Continued) 

Case 5 - 1,000,000 #/hr process steam @ 550 psig, 750°F, with the 
CNSG operating at maximum power and the excess secondary 
steam to be used in·a condensing turbine for electric power 
generation - Fig. 3-10. 

Cases 1, 3 and 5 require an oil-fired superheater to be located in the 
user's process plant in order to superheat the process steam to 750°F. 

3.2.1.4.3 Secondary System Description 

The major components of the system are the reboilers and feedwater 
heaters. The reboilers are U-tube and shell heat exchangers with the 
secondary steam from the CNSG condensing in the tubes and the process 
fluid heated on the shell side. 

A large drain reservoir is located in the condensate line between the 
reboilers and feedheater. This tank has a volume of 2500 ft3 and 
serves as a four-fold purpose. This is: (1} to ensure a supply of 
fluid to the feedheater in the liquid state, (2) to provide the CNSG 
system with a 5-minute makeup supply (at maximum flow conditions) of 

_steam generator coolant should it be required in an emergency situation, 
(3) to provide a location for hydrogen injection for control of oxygen 
in the secondary system and (4) to provide a water level which may be 
monitored to determine makeup requirements. During normal operation, 
the condensate enters the tank from the reboilers via spray nozzles. 
The tank contains approximately 2000 ft3 of stored water, and the 
hydrogen gas collects above the water. The spray system provides 
adequate exposure of water to hydrogen gas to ensure entrainment of 
the hydrogen in the water. The water ultimately passes through the 
tank to the feedwater heaters. 

The feedwater heaters are used to cool the secondary water on the tube 
side while heating the process fluid on the shell side. All secondary 
water from the tube sides of the reboilers passes through the feed
heaters·. 

The water leaves the feedheaters and enters the suction side of the 
motor-driven centrifugal feedwater pump. The system has two feedwater 
pumps, each with 100% capacity, to provide full backup capability. 
The pump increases the water pressure and discharges .the water to the 
steam generators. 

Systems are provided for filtration and purification of the secondary 
water. An electro-magnetic filter is located downstre·am of the feed
water. pumps. This system is designed to handle 100% of the flow. 
The system filters the CNSG secondary water to eliminate suspended 
magnetic solids formed during plant operation. The demine:r:alization 
system is located downstream of the electromagnetic filter. The 
system is designed to handle up to 100 gpm of the system flow. The 
water first passes through a letdown cooler where the temperature 
is reduced from 400 F to 120 F. The demineralizer system is used for 
purification of both the letdown fluid and the makeup water. 
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3. 2 .1. 4. 3 Sec·ondary System Description - (Continued) 

The system is intended for intermittent use depending on water quality 
conditions. The demineralizer discharges directly to the suction side 
of the feedwater pumps. Secondary system sample line!;i are 'provided on 
both the influent and effluent sides of the demineralizer and are used 
to monitor both the need for and effectiveness of the demineralizer. 

The makeup system is tied directly into· the demineralization system. 
The makeup system is controlled by the level in the drain reservoir. 
Water is added by the makeup system through the demineralizer when 
the bypass system is in operation. 

If the bypass line is not in use, water is added directly to the feed
water pump inlet piping. 

A chemical addition system is included for corrosion control. This 
system consists of hydrazine addition for oxygen control and ammonia 
addition for pE control. The system is manually controlled, based on 
input from sam~le readings, and used during system heatup and cooldown. 
Provisions for hydrogen addition have been made in the drain reservoir 
to suppress oxygen generated in the water by radiolysis as the water 
passes through the CNSG steam generator near the nuclear core. The 
oxygen concentration in the system is controlled to a maximum 7 ppb. 

3. 2 .1. 4. 4 Tertiary System 

The tertiary system steam i.s produced on the shell side of the reboilers. 
Tertiary system water is returned from the user's process at 280 F and 
67 psia. It then enters the suction side of the tertiary feed pump. 
The system has two feed pumps, each with 100% capacity. The water is 
increased in pressure by the pumps and then enters the shell side of 
the feedwater heaters, where it is partially heated while cooling the 
secondary fluic. At the feedwater heater outlet, the fluid is ready 
to enter the shell side of the reboilers. Steam leaves the reboilers 
at saturated conditions, and is superheated for cases.l, 2 and s. 
Solids buildup in the reboiler is controlled by blowdown. There is 
one blowdown cooler in the system with a common intake line connected 
directly to the shell side of the reboilers and discharging to the 
user. The continuous blowdown rate is 1% flow for control of solids. 

The tertiary system fluid is sampled from the blowdown cooler discharge 
line. This method of sampling allows examination of effluent from the 
reboilers without affecting operation. 

3.2.1.4.5 System Control 

The CNSG reactor and reboiler systems are monitored and controlled by 
computer systems .. The Operator Information System (OIS) computer pro
vides display, logging, ana alarm monitoring of reactor and reboiler 
~¥st~ms. The OIS also provides diagnostic monitoring of other compute.r: ... ·. 
systems; -·Tne PL3.nt··controrSystem ·(PCS) ·e:ont"rols-the PE-CNSG.and- ie=-
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3.2.1.4.5 System Control - (Continued) 

boiler by monitoring plant variables and ini~iating control action as 
well as by interfacing with the control console and OIS. 

Secondary System 

Reboiler heating steam is supplied by the main steam from the CNSG 
compartment. The heating ste~m is controlled via control valves that 
regulate the flow to the reboilers. These control valves are monitored 
and controlled by the plant control system. If the heating steam 
demand becomes too low for the control valves to operate satisfactorily, 
one or more of.the reboilers can be valved out of service. The process 
steam demand also regulates reactor power level. The secondary fluid 
level in the drain reservoir is monitored and controlled by the plant 
control system via the makeup supply. The plant control system 
automatically adjusts the makeup water supply valve to allow more or 
less flow to the secondary system, which ultimately adjusts the level 
in the drain reservoir to a preset value. 

Feedwater flow is controlled by the action of the feed control valve 
and pumps in response to signals from the plant control system. In 
steady-state conditions, the feed flow matches steam flow, but the flows 
may differ during transients. 

The flow through the demineralization system is controlled by the 
operator through the operator information . system. Temperature sensors 
measure effluent temperature of the letdown cooler, and flow rate is 
determined with .a:· _flow orifice. These values are monitored by the 
plant control system an<i, if the effluent temperature .. ·rises above 120 F, 
flow is stopped to avoid damaging the resins in the demineralizer. The 
pressure drop through the demineralizer is monitored by the OIS. This 
pressure measurement along with sample readings of both the influent 
and effluent are used to determine the need for demineralizer resin 
replacement. 

The secondary chemical addition system is monitored by the operator 
information system. The ammonium hydroxide tank level is measured and 
transmitted by this system to the control room. The flow rates of 
both the hydrazine and ammonium hydroxide addition system are monitored 
by the operator information system and the rates are controlled manually 
by the operator. 

Tertiary System 

Two ·identical redundant feedwater pumps are .included in the system 
design. During normal operation, one pump is·running while the other 
remains idle. If the operating pump should fail, flow will be picked 
up by the idle pump. Both pumps_ have built-in recirculation loops with 
flow orifices. 
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Tertiary System - (Continued) 

The feedwater pumps discharge to the shell side of the feedwater heater 
where the fluid is heated before going into the reboilers. The feed
water to the reboilers is controlled by individual control valves; 
each valve is controlled by its respective reboiler water level. The 
level controller maintains the liquid level slightly above the tube 
bundle to prevent tube dry-out and excessive static pressure in the 
shell. If, during low-flow demand periods, the control valves fail 
to operate satisfactorily, one or more reboilers can be valved out of 
service. As the control valves are closed, the feedwater pump head 
increases and flow in the recirculation loop around the pumps increases. 

Flow to the blowdown cooler is controlled manually by individual valves 
on each blowdown line. A flow orifice, located just downstream of the 
blowdown cooler is used by the operator information system to monitor 
flow. The blowdown fluid is cooled to 120 F by the cooler and flow is 
controlled remotely by an CIS-actuated throttle valve. The blowdown 
is discharged to the user's water system. Reboiler sampling is ac
complished by a small line corning directly off the blowdown line. 
This system allows intermittent or continuous monitoring of samples 
from the reboilers. 

3.2.1.4.6 Condensing Cycle Turbine- Generator System 

A schematic flow diagram for the turbine generator system for nuclear 
case 5 is shown in Figure 3-10. Of the 555,000 lb/hr of secondary 
steam directed to the turrine generator systein, only 412,000 lb/hr passes 
through the turbine to the condenser with the remaining being used for 
feedwater heating under normal operating conditions. The turbine genera
tor consists of a 3600 rpm, 34 MWe single flow non-reheat steam turbine 
with a direct coupled, 3600 rpm, three phase, 60 hertz, air cooled 
synchronous generator. The exhaust steam from the turbine is condensed 
in a condenser designed at 3.5" Hg vacl,lum. The turbine is designed to 
operate satisfactorily without.external moisture separators. Condensate 
from the condenser is pumped to the deaerator by two 650 gprn condens-ate 
pumps. The deaerator is an open heat exchanger tank which directly 
mixes the condensate with the remainder of secondary steam directed to 
the turbine generator system. This feedwater joins with the secondary 
feedwater from the process energy system and is pumped to the steam 
generators by means of secondary feed pumps. Condenser heat is removed 
by the circulating water systems. This heat is then rejected tb the 
atmosphere by a single cell mechanical draft cooling tower. 

3.2.1.5 Construction Techniques 

The consolidated plant layout described in Section 3.2.1.1 lends itself 
to construction techniques that use a fixed lifting·device, .such as a 
300 ton stiff-leg crane, for all major lifts. This device will help 
to speed construction by making heavy lifts readily available and 
facilitating component placement. 
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3.2.1.5 Construction Techniques - (Continued) 

The load-bearing structure for the entire reactor complex is a steel 
plate 4-inches thick and 38 feet in diameter. This plate is shop-fab
ricated to include the code-welded, 4-foot-high bottom segment of the 
reactor containment cylincrical sections. · 

The reactor vessel support pedestal upon which the skirt-supported 
reactor vessel will be positioned is centrally located on this plate. 
Webbing structures distribute the load from the vessel support pedestal 
to th~ support plate. The prefabricated, stress-relieved support 
plate and attachments are transported to the site, set on the reactor 
service building concrete base, jacked level, and grouted into 
position with cement. The reactor support pedestal is then ground to 
reactor vessel mounting flatness requirements. 

The upper portion of the 38-foot-diameter, 54-foot-high containment 
vessel structure is shop-fabricated. This large containment segment 
would be lifted into position and circle-seam welded to the load
bearing base plate segments to form the con·tainrnent vessel. Major .. 
components can then be lifted and placed, and the concrete shielding 
can be poured. The outer steel containment wall is covered \>lith 
crushable material and is used as an inner form for the shield wall 
concrete to facilitate construction. The crushable material separates 
the concrete and steel and provides space for differential expansion 
and contraction. An access tunnel under the load~bearing base plate 
permits access to the bottom head of the reactor vessel and to incore 
instrumentation guide tubes and nozzles located there. 

The reactor vessel is transported to the site in one piece, except 
for the head. The reactor vessel internals are prefitted to eliminate 
major field assembly problems. 

3.2.2 Coal Fueled Steam/Power Plant 

3.2 •. 2 .Plant Layout 

The study plant layout is shown on Figures .3-12 and 3-13. The area 
for the coal facility was designated by Du ?ont and PSE did not attempt 
to optimize the location. 

The site layout shows the maximum land usage anticipated for the size 
coal plant. The largest steam turbine gene=ator, including a sub
station, condenser and cooling tower is shown, although this equipment· 
does not apply to all study cases. Wyoming coal was used to size the 
coal storage pile and two flue gas desulfurization {FGD) systems with 
a bypass are shown also. At the time the estimates were finalized the 
FGD system was not required for firing Wyoming compliance coal. 
Although the FGD system is shown on the layout it was not included in 
the cost estimate for the Wyoming coal cases. Schematics of the flue 
gas treatment systems are shown in figures 3-14 and 3-15. 
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3.2.2.1 Plant Layout - (Continued) 

No pilings have been used at the site in the past and land subsidence 
has not been a problem.· Based on this information and the fact that 
the foundations for the coal plant would be similar to existing 
foundations at the site, no pilings were included. 

3.2.2.2 Study _Cases 

Eight cases were selected for this study; four high-sulfur coal cases 
and four low-sulfur coal cases. The energy balance diagrams show the 
major components of each study case, the design steam conditions, the 
generator power output, auxiliary power load, and fuel requirement at 
a process steam load of 700,000 lb/hr and the maximum process steam 

.load of l,OOO,GOO lb/hr. The following is a brief description of each 
. study case: ' 

BOlLER DESIGN CONDITICl~S 

CASE FLOW PRESS. TEMP 

~ ~ 1031!::/hr ~ ~ 

1. ILLINOIS 1,000 580 750 

. 2. WYOMING 1,000 580 750 

3. ILLINOIS 1,000 580 750 

4. WYOMING 1,000 580 750 

5. ILLINOIS 1,oao 1, 500- 950 

6. WYOMING 1,0CO 1,500 950 

7. ILLINOIS 1,0CO 1,51)0 950 

8. WYOM:ING 1,0C·O 1,500 950 

GENERATOR 
CYCLE 

COND 

COND 

BACK PRESS. 

BACK PRESS. 

BACK PRESS. 

BACK PRESS. 

LEVELIZED ANNUAL CONDITIONS 

)LOW PRESS 
10 1bLhr PSIG 

723 550 

723 550 

723 550 

723 550 

723 550 

723 550 

723 550 

723 550 

TEMP 

~ 

750 

750 

750 

750 

750 

750 

750 

750 

NET 
.J:lli 

10.9 

18.3 

9.0 

9.9 

36.1 

38.3 

ENERGY 

10~~Lhr BALANCE 
DIAGRAM 

1,008 3-16 

l, 029 . 3-17 

1,288 3-18 

1,315 3-19 

998 3-20 

1,019 3-21 

1,38.0 3-22 

1,409 3-23 

All of the above data are based on two percent blowdown and a feedw~ter 
temperatur_e of 2800F. 

3.2.2.3 Design Criteria 

The design criteria for each major component of the steam/power plant 
is as follows. 

3.2.2.3.1 Coal Yard 

A 100-car unit train was selected as the method of coal delivery with 
a car positioner and a rotary car dumper used to unload the cars into 
an underground hopper and conveyor, which conveys the coal to the 
storage pile. The track length was sized at 6000 feet, which is capable 
of accomodating the 100-car unit train. It was assumed that enough 
trackage was available between the coal yard track and main line to 
store a full train prior to unloading. 

3-16 



3.2.2.3.1 Coal Yard- (Continued) 

The coal storage pile was sized for a 60 day supply of low-sulfur 
Wyoming coal. Three storage piles were used to keep the storage pile 
within the unit train track and to use a stacker and reclaimer with 
a standard span. 

A separate stacker and reclaimer were specified to permit the simulta
neous unloading of a unit train and the transport of coal to the plant. 
The stacker and reclaimer can be transferred to different piles by a 
cross track at one end of the coal yard. 

Many design concepts are available for coal delivery and transport to 
the boilers. PSE selected a design which will provide an automated 
form of unloading and transport to the boiler. No attempt was made to 
optimize the design based on economics. 

3. 2 .. 2. 3. 2 Boilers 

The boilers were specified for the conditions indicated on the energy 
balance diagrams. Auxiliary equipment was quoted with the boiler in
cluding pulverizers, FD Fan, ID Fan, Air ~reheater, feedwater controls 
and combustion controls. 

3. 2. 2. 3. 3 E·lectrostatic Precipitator 

The electrostatic discharge precipitator was specified on the basis of 
85% of the ash in the coal being converted to fly ash and entering the 
precipitator. The design discharge particulate emission level was· 
specified at the EPA limit of 0.1 lbs. of particulate/106 Btu of fuel. 
This requires a precipitator which is more than 99% efficient. A fly
ash storage silo with 60 hour capacity was specified to permit flyash 
storage over weekends. 

3.2.2.3.4 Flue Gas Desulfurization (FGD) System 

A limestone slurry FGD system was specified fo= high sulfur coal plants 
to limit S02 ·stack emissions to 1.2 lbs 802/106 Btu of fuel which 
represents the EPA new source limit in effect at the time of this study. 

I 

This represents approximately 78 percent sulfu= removal. A single 
scrubbing train was estimated as we.ll as a bypass system to allow unit 
operation during short-term scrubber outages. This system was selected 
over other competitive systems because it is the most widely used 
system today. However, PSE did not attempt to optimize the type of 
FGD system based on economics or.. rel·iability. 

In the specified system the bypass duct allows addition of flue gas 
downstream of the scrubber to heat the flue gas leaving the scrubber 
above the saturation point to prevent corrosion. The limestone slurry 
FGD system produces a sludge effluent which will not set up and is un..;. · · 
suitable for a landfill. However, if the fly ash from the precipita-
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3.2.2.3.4 Flue Gas Desulfurization (FGD) System- (Continued) 

tor is combinec with the sludge, as shown in Figure 3-24, the mixture 
can be used as a landfill. This method was used for the study cases. 
A limestome storage. area has been included- to provide_ a. 30 day ;Limestone 
. supply. The limestone storage area was based on truck shipments-· of 
limestone. · 

3.2.2.3.5 Bottom Ash Disposal Sys~em 

This system was specified on the basis of 25% of the ash in the coal 
being converted to bottom ash. The bottom ash is collected in hoppers 
at the bottom of the boiler. From there it is sluiced to a landfill 
in the area near the coal storage pile. 

3.2.2.3.6 Steam Turbine Generator 

Steam turbines were specified for the steam conditions shown on the 
energy balan·ce diagrams and direct-connected to a hydrogen cooled 
synchronous generator rated at 3600 RPM, 3 phase, 60 Hertz, 13.8 KVA 
and .90 power factor with a power output as shown on the energy-

-balance diagrams. Power from the generator was stepped_up to a trans
mission voltage of 23 KV and connected to the existing substation PP_S3. 
A station service transformer was included to ·supply coal plant auxil
liar~es. A separate tie from PPS3 was made to supply the auxiliaries 
if the turbine is shutdown. · 

• 
3.2.2.4 Construction .Schedule 

A construction sched-qle for a typical study case is presented in 
Figure 3-24. 
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Time - Months 4 8 12 16 20 24 28 32 36 40 44 4 8 

Activities 

1. Engineering 
I 

2. Order Major Equipment 

3. Site Work 
' 

4. ~oundations 

w 5. Boiler; TG Erection 
I 
~ 
tv 6. Mechanical Installation 

7. Electrical Installation 

8. Coal Terminal 

9. Startup & Test 
' 

Figure '3-24 - COAL PLANT CONSTRUCTION SCHEDULE 



Table 3-1 Reactor Coolant System Parameters 

NOMINAL VALUES 

Cesign Performance Summary 

Power 

Steam pressure at SG outlet (at full load) 

Steal'~\ .. tempe:~:ature at SG outlet 

Steam flow· 

Feedwater inlet temperature 

Nominal core inlet temperature 

Nominal core outlet temperature 

~actpr vessel average temperature 

RCS flow 

Equipment Data/Design Performance Data 

No. of SG modules 

RCS total pr··.::nary volume 

Primary water volume 

Pressurizer gas volume 

Reactor Vessel ID 

No. of Control Rod Assemblies 

No. of fuel assembli~s 

RO pump flo.w (four used) 

RC pump head 

RC pump expected power, hot 

Pressurizer 
Overall length 
Sheel OD 

3-43 

Metric English 

365 MWt 365 MWt 

5.52 MPa 800 psia 

518°F 

191 kg/s 1.512 x 106 lb/hr 

319°C 

589°F 

3289 kg/s 26~06 x 106 ib/hr 

12 12 

106.9 m3 3775 ft 3 

99.8 m3 3525 ft3 

7.08 m3 .. 250 ft3 

3.99 m 157 ·in. 

17 17 

57 57 

1.196 m3/s 18,950 gpm 

32.31 m 106 ft 

0.326 MW 437 hp 

8.969 m 29 ft, 5.125 in. 
2.013 m 79.25 in. 
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4.0 ECONOMICS 

4.1 Economic Philosophy and Methods 

The investments being studied in this report (nuclear and coal process 
steam generation plants) are mutually exclusive projects. No attempt 
has been mad·e to compare the study alternatives \'lith the economics of 
continued utilization of existing. facilities at the Du Pont site. The 
economic method chosen for the analyses is the "Net Present Value" 
(NPV) method. This method is commonly used.in the industrial sector 
for preliminary evaluation of investment alternatives. Cash· flows 
from project go-ahead through 30 years project life are developed which 
include all major cash flows that result from the implementation of 
each study project. 

Since the nuclear study plants require seven years to construct versus 
four years for the coal plants, two economic analyses have been pre
pared. In both analyses nuclear plant construction starts on January 
1, 1978. The first analysis considers that the coal plants start 
construction concurrently with the nuclear plants and thus begin 
operation three years prior to the nuclear plants. The second set of 
analyses considers that coal plant construction starts January 1, 1981, 
and coal plants start operation concurrently with the nuclear plants. 

The base date for all economic studies is January 1, 1978, and all 
cash estimates are reported as of that date. In the analyses, cash 
flows are reported in current end-of-year dollars having been escalated 
per schedules suggested by Du Pont or estimated by PSE. The resultant 
net cash flo-;.1 from each analysis is discounted at rates of 10, 15 and 
20 percent to arrive at a range of NPVs for each alternative. These 
NPVs are then compared to determine the option most attractive from 
an economic standpoint, namely, the alternative having the highest NPV 
(or ~he lowest negative NPV, as is the case with these "expense center" 
projects). · 

SJ:?.ould the NPVs of competing projects cross between the 10 and 20 pe.r
cent discount rates, the choice of alternatives would not be clear 
and ·,further analysis should be performed. While such crossings do 
occur in the results of this study, the NPVs· which do cross are so 
nearly the same over the prescribed range of discount rates, that 
further analysis would not materially aid in selection of one alterna
tive over another. Thus, the projects are said to be equivalent under 
the set of ass~mptions applied to each. Therefore, for the purposes 
of this study, the NPV method is the sole method employed for economic· 
evaluation of alternative projects. Present value steam costs are 
presented for each study plant as complementary information. 

The following sections summarize the various economic parameters which 
have been employed in these analyses. The cash flow pro ·forma 
statement is described with definitions of each column including 
mathematical formulae and descriptions of methods. An example of a 
cash-flow analysis is provided in order to illustrate the method. 
Refer to Figure 4-1. 
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4.1.1 Escalation Schedules 

Since escalation is very real factor in today's economic climate, its 
effect is accounted for in these studies. Table 4-1 su~~arizes escala
tion·rates as they have been applied in these analyses. Following are 
discussions of each of the rates of escalation: 

4.1.1.1 General Inflation Escalation Rate 

The general inflation escalation rate is applied to the working capital 
account and to the introductory expense. 

4·~ 1.1. 2 Constructisn Labor Escalation Rate 

The construction labor escalation rate is combined with the construction 
material escalation rate to form a construction composite rate which is 
then applied to applicable capital expenditures during construction. 

4.1.1.3 Construction Material Escalation Rate 

The construction material escalation rate is combinec with the construc
tion labor escalation rate as in 4.1.1.4. This rate is also combined 
with the operating labor escalation rate as described in 4.1.1.6. 

4.1.1.4 Construction Composite Escalation Rate 

The construction composite escalation rate is formed from labor and 
material escalation rates (4.1.1.2., 4.1.1.3) as follows: 

= 0 .-Js -x con."structi6n- lab-or 'rate 
+ .. o. 65. x constr-uction material 
rate. 

The construction composite escalation rate is applied to cash flow 
occurring during, and related to, construction. 

4.1.1.5 Operating Labor Escalation Rate 

The operations composite escalation rate is combined with the construc
tion materials escalation rate to form an operations composite rate as 
described in 4.1.1.6. 

4.1.1.6 Operation Composite Escalation Rate 

The operations composite escalation rate is formed from operating labor 
and materials rates (4.1.1.3, 4.1.1.5) as follows: 

Operations composite rate = 0. 4 X operating l.abor rate 
+ 0. 6 X construction m.aterial rate. 
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4.1.1.6 Operation Composite Escalation Rate- (Continued) 

The operations composite escalation rate is applied to all study plant 
operating costs subject to escalation except fuel, including the 
electrical power costs or credits. 

4.1.1.7 Fuel (Primary) Escalation Rate 

The fuel escalat~on rate is applied to primary fuel expenses (i.e., 
coal and nuclear fuel). 

4 .1.1. 8 Number 6 Fuel Oil Escalation Rate 

The number 6 fuel oil escalation rate is applied to backup operating 
expense and to the fuel oil cost for superheating nuclear-generated 
steam where the :fuel-oil fired superheater is employed. 

-~ 4. 1. 2 Federal Income Tax Rate 

The federal income tax rate is applied to adjusted op~rating expense 
which is the cost of operations· including annual operating expense, 
fuel expense, depreciation, state sales tax, and introductory expenies. 
The federal income tax rate is 48 percent. Since these projects 
generate no revenue, income taxes appear as credits to the project, 
implying that sufficient corporate tax liability exist to allow 

.. 1 taking such a credit. 

I 
I 

I 

4.1.3 Investment Tax Credit 

The investment tax creqit is applied to all capitalizable expense 
duri:1g construction. Only land is exempt from the ·-investment tax 
credit in this study. The investment tax credit rate is lO.percent. 

4 .1. 4 State T.ax . (Ad Valorem) Rate 

The state ad valorem tax is computed as the state rate times the total 
capital investment c:tnd remains a fixed annual expense not subject to 
escalation for the life of the project operation. The ad valorem< tax 
rate is 1.3 perdent. 

4.1.5 State Sales Tax Rate 

':'he state sales tax rate is applied to an estimate of taxable capital 
expenditure-during construction only. During operating years state 
sales tax is included in all expense estimates. State tax is estimated 
during construction as follows: 

.. 
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4.1.5 State Sales Tax Rate - (Continued) 

State sales tax = Sales tax rate X ( 0. 7 X capital expenditure) 
(Nuclear Plants) 

State sales tax = Sales tax rate X (0.5 X capital expenditure) 
(Coal Plants) 

The sales tax is.not applied to land expense. The sales tax rate is-
4 percent. 

4.1.6 Insurance Rate 

The insurance rate is applied to the total capital investment and re
mains a fixed annual expense not subject to escalation for the life of 
the project operation. The insurance rate is 0.1 percent. 

4.1.7 Construction Labor 

The construction labor hourly rate is $12.20, which includes labor, 
insurance, taxes, construction equipment, small tools and expendables, 
contractors home office and field overhead, and profit. 

·4.1.8 Operations Labor 

The operating staff labor hourly rate is $12.40 which includes the 
ba~e labor rate plus overhead burdens. Table 4-9 presents a break
down of the operating staff requirements for the nuclear plants. 
Table 4-12 presents this breakdown for coal plants. 

4.1.9 Plant Availability 

Plant availability is defined as the decimal percent of a year which· 
the study plant is available for operation at any load within its 
design capability. The plant availability i~ 0.8 for nuclear study 
plants and 0.92 for coal study plants. 

4.1.10 Plant.Factor 

Plant factor is defined as the annual energy produced by the plant 
(reactor or coal plant) divided by the maximum possible energy that 
could be produced annually by continuous, full load operation. 

4.1.11 Backup Operation 

Backup operating expense _is assumed to be the No. 6 fuel oil equivalent 
of the amount of backup steam flow supplied annually by Du Pont from 
existing facilities as a result of study plant unavailability, lack 
of capacity or differences in operating life. ·The nuclear cases, in 
which the construction period is three years longer than that for the 
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4.1.11 Backup Operation - (Continued) 

coal cases, are debited with backup operating expenses in the amount 
of the No. 6 fuel oil equivalent of the Du Pont steam requirement 
during the last three years of construction for the cases in which 
coal plants start construction concurrently with nuclear plants. No 
components of fixed charges or depreciation on existing facilities are 
included in the backup charge. In addition to backup charges for the 
number 6 fuel oil equivalent of steam, there is a utility electrical 
power backup charge. of $3. 26/KW/month ass.essed to those plants which 
generate in excess of 15 MW gross electrical power. The charge is 
applied to study plant gross power generation in excess of 15MW. For 
coal cases 5 and 6, the electrical power backup charge is calculated 
for 0.8 times gross power generation less 15 MW since the fraction of 
time at higher power output is low. Table 4-10 summarizes backup 
expenses for both number 6 fuel oil. and for electrical power. These 
backup expenses are charged to the study plant net of taxes. 

4.1.12 Electrical Power Expense or Credit 

Credit for power generation or expense for auxiliary power generation 
is· computed on the basis of 29.6 mills/kwhr oh January 1, 1978. The 
va;lue of electrical power is assumed to escalate at the operations 
composite rate. 

4 .1.13 Working C~pit;.al 

A working capital account is established in the cash flow analysis 
as an entry in the year prior to commercial operation. The only 
entries during the operating years for working capital are those in
creases necessary to maintain the capital account in current dollars. 
The working capital is computed as follows: 

Nuclear Plants 

Working Capital = 0.06 x (Annual operating expense + fixed charges) 
+ 0. 25 x total annual fuel···expense 

·coal Plants 

Working Capital = 0.06 x (Annual operating expense + fixed charges) 
+ 30 days limestone + 60 days coal inventory 

4.1.14 Introductory Expense 

The introductory expense includes an estimate of miscellaneous startup 
expenses such as setting up offices, obtaining startup personnel, and 
9urchasing miscellaneous supplies. The introductory expense column 
of the cash flow analysis also incl~des state sales tax during construc
tion. 
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4.1.15 Depreciation 

Qualifying capitalizable expenditures are depreciated over 23 years 
of operation with the first three years depreciated double-declining 
balance and the remaining 20 years by the sum-of-year-digits method. 

4. 1. 16 Cash Flo"YT Pro Forma Statement 

Figure 4-1 is a ~ample cash flow summary. In this section, each 
column is defined. 

4.1.16.1 Column (1) - Capital Expense 

Capital expense cash flow is developed from the total capital invest
ment and an estimated schedule of expenditure. The base year estimate 
is apportioned to the appropriate year and escalated via the construe~ 
tion composite rate (4.1.1.4). The land expense is returned in year 
30 at its escalated value. 

4.1.16.2 Column (2) - Backup Operating Expense 

The base year backup operating expense (4.1.10) is escalated according 
to the number 6 fuel oil escalation rate (4.1.1.8) and entered in each 
year of operation at its current dollar value, net of taxes (i.e., 52 
·percent of the escalated backup operating charge is entered) • 

4.1.16.3 Column (3) .-:-Net Change in Working Capital 

The base year working capital estimate (4.1.12) is escalated according 
to the general inflation rate (4.1.1.1) and entered in the year prior 
to commercial operation. The net change in working capital thereafter 
is only the escalation to maintain constant value in current dollars. 
Total working capital is returned in the last year of operation. 

4.1.16.4 Column (4) - Investment Cash Flow 

Investment cash flow is the sum pf columns (1) , (2) and (3) • 

4.1.16.5 Column (5) - Fuel Expense 

The sum of primary fuel (coal or nuclear) and secondary fuel (number 6. 
fuel for the oil fired superheater where applicable in nuclear plants) 
expenses is entered in this column after having been escalated ac
cording;· to the (primary) fuel escalation rate (4.1.1.7) and the 
number 6 fuel oil escalation rate (4.1.1.8), respectively. For coal 
plants the base year fuel expense estimate is escalated and entered. 
For nuclear cases, discrete nuclear cash expenditures (Table 4-2) are 
escalated and entered. 
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4 .1.16. 6 Column ( 6) - Operating Expense 

Operating expen=e includes all annual expenses incurred during the 
operating life c,f the project. Power expenses (or credits where ap
plicable) are ir;cluded as are fixed charges (ad valorem taxe.s and 
insurance) . The non-fixed portions of the operating expense are esca
lated according to the operations composite escalation rate (4.1.1.6). 

4.1.16.7 Column (7) -Total Annual Expense 

Column (7) is the sum of fuel expenses, column (5), and operating 
expense, column (6). 

4.1.16.8 Column (8) - Depreciation 

Qualifying capital expenses incurred during construction are depreci
ated per 4.1.14 and the resulting depreciation entered in column (8). 

4.1.16.9 Column (9) - Introductory Expense 

The introductory expense as defined in 4.1.13 is escalated from its 
base year value-to the year prior to operation and entered in column 

. (9). Also entered in column (9) are state sales tax estimates compu'ted 
as described in 4.1.5. Thus, the year prior to operation is entered 
as the sum of the escalated introductory expense plus the sales tax for 
that year. 

4.1.16.10 Column (10) _-Adjusted Operati~g Expense 

This column is the sum of columns (5), (6), (8) and (9) (expenses 
subject to tax (credit) less depreciation). Income tax (credit) is 
computed from this column. 

4.1.16.11 Column (11) - Federal Income Tax 

Column (11) is computed as column (10) times the federal income tax 
rate. The federal income tax is taken to be credit if column (10) 
shows a cash outfiow (negative cash flow). 

4.1.16.12 Column (12) - Net Operating Expense 

Column (12) is adjusted operating- expense, column (10) , less federal 
income tax, column (11) (or increased by federal income tax when the 
tax is a credit). 
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4.1.16.13 Column (13) - Investment Tax Credit 

All of the capital expenditures of column (1) qualify for the investment 
tax credit except the land expense. Column (13) reflects this credit. 

4.1.16.14 Column (14) - Total Cash Flow 

Column (14) is the sum of net operating expense, column (12); invest
ment tax credit, column (13); and depreciation, column (8). The result
ant column (14) is total expense charged to operations reduced by 
federal tax (credits) . 

. 4.1.16.15 Column (15) - Net Cash Flow 

Column (15) is the sum of investment cash flow, column (4), and total 
cash flow, column (14). Net cash flow is the actual cash flow, in 
current dollars, that can be anticipated for the investment under con
sideration. 

4.1.16.16 Column (16) - Discounted Cash Flow 

Each year's net cash flow, column (15), is discounted to January 1, 1 
+978, to form column (16). For this study, discount rates of 10, 15 

-and 20 percent were assumed. 

4.1.16.17 Net Present Value 
• 

The sum of the discounted net cash flow valuas from column (16) is the 
net present value of the investment. The various study plants are 
evaluated on the basis of maximum net presen-= value (minimum negative 
present value). r 

4.1.17 Steam Costs 

The present value steam costs for each of the study cases has been 
calculated for discount rates of 10, 15, and 20%. These costs, when 
escalated at the effective project composite escalation rate, multiplied 
by DuPont's total annual Btu requirement then discounted and summed, 
will yield a present value that is equal to the project NPV at the same 
discount rate. Expressed mathematically, the steam costs are determined· 
as follows: 
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4.1.17 Steam Costs - (Cotninued) 

NPV 
PVSC;, @DR 

Where: 

SBTU X 

N 
NC 
I 
SBTU 
RSE 
DR 
NPV 
PVSC 

= 

= 
= 
= 
= 
= 

l 
I 

Total project life, years 
Number of years of construction 
Year index 
Annual steam generatio.n, 106Btu. 
Rate of steam cost escalation, percent 
Discount rate, percent 
Study plant net present value at DR, 106$ 
P.re·sent · value steam cost, $/l06Btu 

For all nuclear cases, total project life (N) is 30 years and construc
tion time (NC) is seven years, implying an operating life of 23 years 
for the nuclear cases. For coal cases in which construction begins 
concurrently with nuclear plants and operation begins three years prior 
to nuclear p1ar:.t operation, the nuclear cases are charged for steam 
(number 6 fuel oil cost equivalent) during the last three years of 
construction. In order to make a consist~nt comparison of steam costs 
between nuclear and coal plants, the tot~l heat generated as steam must 
be the same. Therefore, for comparison of steam costs in the cases 
just described, the last three years of constructio·n for the nuclear· 
plants are considered as opera.ting years by virtue of the fuel oil 
charge which.equalizes the Btu generation with that of the coal plants. 
Thus the steam costs are calculated for both nuclear and coal plants 
on the basis of a total life (N) of 30 years and construction period 
(NC) of four years, or an operating life (N-NC) of 26 years. This 
applies only to the calculation of steam costs in the case of concurrent 
nuclear/coal start construction dates. Por the cas~s of concurrent 
nuclear/coal operation start dates, both types of plants are considered 
to have a 30 year life ar:d seven years of construction (thus 23 years 
of ~peration) for the purposes of steam cost calculations. 
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4.2 Capital Estimates 

4.2.1 Nuclear Plants 

Total nuclear plant Nth-of-A-Kind (NOAK) capital costs have been 
estimated by B&W, UE&C, and PSE. The scope of responsibility for the 
estimates is shown in Table 4-3. Capital estimates appear in Table 
4-4. Many of these costs are based on previous estimates· which 
were revised to reflect the particular situation for the Du Pont site. 

The estimates are based on a 40-hour work week and no allowance has 
been made for construction premium time. Capital cost estimates do 
not include owner's G&A costs such as license fees, printing of 
safety analysis reports, attendance of personnel at hearings, pre
paration of testimony, legal fees, construction and operation of 
an information center at plant site, ·talks by company management and 
staff members before civic groups, and the G&A overhead assignable 
to the project. 

In general, NOAK costs are lower than First-of-A-Kind (FOAK) costs 
due to elimination of nonrepetitive first-time engineering and due 
to labor learning experience. B&W NOAK equipment costs are lower 
due to a B&W shop labor learning curve and the elimination of first
time engineering. These improvement factors are based on past B&W 
experience with central station plant engineering and equipment. 

A reduction in UE&C equipment scope costs results from field labor 
learning where there is a carryover of supervisor personnel from 
one project to another and from nonrepetitive engineering efforts 
such as preparation of construction procedures, etc. 

First-Of-A-Kind Cost Estimates 

The nuclear plant costs and the overall economic comparison are based 
on NOAK costs and thus include no FOAK expenses. For this study it 
has been assumed that the FOAK costs would· be borne by others; 
possibly EPRI, the u.s. Government, or other organization if deploy
ment of small industrial reactors becomes a national objective. 

First-of-a-Kind (FOAK) work is defined as follows: 

Those work activities which are nonrepetitive for follow-on units, 
including nonrepetitive elements of engineering, licensing, and 
test and evaluation efforts required to develop design parameters, 
demostrate safety to the regulatory authorities, and verify design 
adequacy. 

Generic activities as defined above include fabrication processes, 
baseline component and system design, resolution of generic licensing 
issues, and first-of-kind engineering proof test and evaluation pro
grams. The detailed engineering and construction tasks for the first·.·. 
unit include, but are not limited to, the following FOAK tasks: 
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4.2.1 Nuclear Plants- (Continued) 

Enqineering 

1. Development of reactor plant baseline design (component and system 
specifications and drawings). 

2. ·Design and stress analyses required to satisfy regulatory agencies. 

3. Development of reactor plant checkout, startup, and operating pro
cedures. 

4. Support of test and evaluation programs. 

5. Architectu::::al and construction design. 

6. Developmen~ of balance-of-plant system and equipment designs. 

7. Development of balance-of-plant checkou.t, startup, and op·erating 
procedures. 

Fabrication and Construction 

1. Manufacturing development for welding procedures, special fixtures, 
and ASME G:>de cases. 

2. Development of special fabrication processes for shop and field 
construction. 

3. Preparation ·Of detailed shop processing and construction schedules. 

Licensing 

1. Resolution of generic issues related to the class of reactors." 

2. Determination of necessary supportive environmental monitoring 
programs. 

3. Preparation of generic parts of preliminary and final.safety 
analysis :reports. 

Inservice and Initial Operational Tests and Inspections; 

1. Baseline techniques for code in-service inspection. 

2. Flow-induced vibration evaluation of reactor internals. 

3. Hot functional test programs (field). 
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4.2.1 Nuclear Plants - (Continued) 

Hardware 

1. Design and manufacture of special tools and handling equipment 
for major components. 

2. Design and construction of fueling and refueling equipment and 
special tools. 

In addition to the FOAK work items discussed above, certain test and 
evaluation programs are required to verify design adequacy or to 
demonstrate the margin of conservatism of the design. The test and 
evaluation programs also support the licensing process. 

Test and Evaluation 

1. Steam generator functional performance, secondary side flow dis
tribution, and downcomer performance. 

2. Steam generator fouling and chemical cleaning. 

3. Upper internals vibration. 

,4. Control rod guide structure. 

5. Fuel assembly prototype detail design and fabrication. 

6. Fuel assembly life test. 

7. Primary pump prototype. 

8. Pressure supp:'re·ssion containment. 

9. Reactor coolant temperature sensor. 

10. Containment pressure suppression tests (not included as part of 
the cost estimate provided herein) . 

The total plant FOAK costs are estimated to be approximately $25 
million to $50 million, including all FOAK costs in the area of 
engineering, shop and field construction, licensing, in-service 
and initial operational tests and inspections and hardware design 
and manufacture. This total plant FOAK estimate assumes all first
of-kind costs are applied to a single program and concept. In 
reality, many are common to three programs involving integral nuclear 
steam systems of similar or identical design: The PE-CNSG, the 
Maritime M-CNSG, and the higher power level CNSS concept. All three 
program studies and design activities have been supported at least 
in part by federal agency funding. A construction project involving 
any one of these programs would give impetus to the other~, so some 
sharing of these first-of-a-kind costs over a period of six to eight 
years between programs can be considered. In this respect, first-of~ 

--~-k~n~ __ g~y~_rnment __ ~-~:eE_or~ __ o!__ th~ ~~ _p~o~r.a_r.n_s -~_!1_9uld _Ee_.e_sp~c_::_i~_~]-Y ?.?~~-=---
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4. 2.1 Nuclear ·Plants - (Con.t'inued) 

effective. If FOAK costs could be shared between programs, the 
above estimated range of FOAK costs for a given program such as 
PE-CNSG could be reduced correspondingly. 

The FOAK cost estimates discussed above are not based on an extensive 
investigation in this study but rather are based on work previously 
done in the Phase I study and in M-CNSG program activities. If an 
industrial process energy user should decide to proceed further with 
this study, the balance-of-plant FOAK costs should be determined in 
more detail. 

The previous estimates do not include consideration of government 
legislation to provide nuclear accident liability insurance similar 
to Price-Anderson legislation. This may be required to cover in
dustrial organizations as an incentive to establish nuclear plants 
for initial. industrial installations. The estimates also exclude 
the cost of longer first-time construction schedules and resultant 
cost increases for pioneer plants. 

4.2.2 Coal Plants 

. Total coal plant costs have been estimated by PSE. Capital estimates 
are presented in Table 4-5. The estimates represent costs for ·the 
complete coal plant including all coal handling systems, scrubbing 
systems (where required), ash and sludge handling systems, and 
amdliar ies required under the scope of this study. 

Specifications were written for major equipment items and submitted 
to vendors who returned budget quotations. The items estimated in 
this manner are as follows: · 

Stearn Generator (Boiler) 
Flue Gas Desulfurization System 
Electrostatic Precipitator System 
Coal Stacker/Reclaimer System 
Rail Car Roller/Positioner System 
Ash Handling System 
Turbine-Generator 

The costs of auxiliary systems not obtained through quotation were 
estimated by PSE as were engineering and installation not provided 
by Du Pont including site preparation. 

The estimates are based on a 40-hour work week and no allowance has 
been made for construction premium time. The capital estimates do 
not include Du Pont G&A costs, license fees, environmental impact 
~tudy costs or other incidental expenses that would be assignable to 
internal Du Pont overhead. 
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4.3 Fuel Economics 

4.3.1 Nuclear Fuel 

The nuclear fuel costs used in this study are based on a typical 
nuclear fuel "cycle" such as that depicted in Figure 4-2. The 
cycle includes all of _the major processes that occur from the 
mining of the uranium ore to the final disposal of the fuel. The 
criteria for·determining the cost of each process are listed in 
Table 4-6. These criteria were supplied by ~ak Ridge National 
Laboratory and represent 1985 costs in terms of January 1, 1978 
dollars. 

Fuel cycle costs were generated as discrete cash flows for input 
to the economic analysis computer program. These cash flows are 
given in Table 4-2. Nuclear fuel cycle costs were assumed to escalate 
at a rate of 6 percent per year. 

Each process in the fuel cycle is briefly described below including 
its contribution to the total fuel cycle cost. The total fuel 
cycle cost for this study ranges from 49 to 53¢/ l06Btu for the repro
cessing fuel cycle to 60 to 66¢/106Btu ··for the non-reprocessing fuel 
cycle. 

The uranium ore is found, mined, and milled to produce 
U309 yellowcake. This is about 46 to 51% of the total 
fuel cycle cost, depending on the exact cycle .. 

Conversion - The yellowcake (U309) is converted to a gas, UF6. This 
is approximately 1% of the total fuel cycle cost. 

Enrichment -

Conversion 
& Fabrica-. 
tion 

The UF6 is currently fed into the u. s. Government gaseous 
diffusion enrichment facilities. (Consideration is 
being given to the construction of privately owned enrich
ing facilities.) Here, the ratio (enrichment) of U-23-5 
to U-238 atoms is increased from that naturally occurring 
(0.00711) to between 0.02 and 0.04. The customer is 
charged for the number of separative work units (SWUs) 
used. The number of SWUs is proportional to the total 
amount of enriched uranium obtained and also to ,the 
final uranium enrichment. This part of the fuel cycle 
typically is about 28 to 33% of the total fuel cycle cos~. 

The enriched UF6 is then converted to powdered uo2. The 
powdered U02 is formed into pellets and loaded into fuel 
rods, which are then arra·nged into fuel assemblies. 
This process is about 13 to 21% of the total fuel cycle 
cost. 
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4.3.1 Nuclear Fuel - (Continued) 

Spent Fuel 
Shipping & 
Disposal 

4.3.2 Coal 

- A::ter the fuel assemblies are "burned" in the reactor 
to produce energy, they are unloaded from the reactor 
and are allowed to cool for several months before 
shipping. The fuel is now either reprocessed or perma
nently stored without reprocessing. In reprocessing, 
the fuel rods are disassembled, the fuel pellets are 
dissolved, and the remaining uranium and valuable 
isotopes are recovered, while the rest is disposed of 
in a radioactive waste storage facility. The recovery 
of the uranium and valuable isotopes is a credit which 
helps reduce the overall fuel cycle costs. These credits 
have been taken in the U309 and enrichment cost elements. 
The reprocessing and shipping costs are approximately 17% 
of the total fuel cycle costs. This is nearly offset 
by the plutonium credit, which has been specified by 
the ORNL criteria (Table 4~6) . Permanent storage of 
the fuel assemblies in the nonreprocessing case is about 
75 of the total fuel cycle cost. 

In this study, it is assumed that for a project of this size the 
industrial user would purchase coal under long term contract from a 
mine in lieu of purchasin~ reserves or participating in a mining 
operation. It is also a~sumed that the user would contract for unit
train delivery of the c~al from the mine to the plant site. The 
estimated delivered cost of high-sulfur Illinois coal (10,900 Btu/lb) 
and low-sulfur Wyoming coal (8250 Btu/lb) are presented in Table 4-7. 
On the basis of a 100-car, 10,000 ton capacity unit train and 1575 
tons per day of Illinois coal, one unit train every six days will be 
required. For Wyoming coal at 2080 tons per day, one unit train every 
five days will be required. 

High-sulfur coal from Illinois was assumed, although the range of 
delivered prices would include high-sulfur coal delivered from 
anywhere within the same approximate radius of Victoria. There have 
been no long-term contracts for Illinois coal disclosed as yet for 
plants in Texas, and this fact makes it difficult to estimate 
accurately the delivered price of high-sulfur coal. 

Conversely, there is experience with Wyoming lmv-sulfur coal in 
Texas, and the $1.35/106Btu price falls within the range for which 
contracts are being made. In order that high-sulfur coal remain 
competitive, it is reasonable to assume that its delivered price 
will remain no greater than, and generally less than that of low
sulfur coals. The user's actual contract negotiations will finally 
determine either gigh- or low-sulfur coal prices~ but. it is believed 
that the $1.20/ 10 Btu (high-sulfur) and $1. 35/lOt>Btu (low-sulfur) 
price estimates are feasible. 
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4.3.2 Coal - (Continued) 

As is the case with current delivered coal price$, future price 
determinations are quite difficult to project accurately. It has 
been assumed that the price of coal will escalate at a rate of 6 
percent, a rate slightly higher than the general inflation rate. 
As discussed in Section 4.6.3, the effects of different escalation 
rates for coal and nuclear fuels have been determined and are seen 
to be quite significant, with the nuclear cycle be less sensitive. 

Barge transportation of coal has not been considered in this study. 
Savings in transportation costs could be realized through the use 
of barge transportation over part or all of the route from the mine 
to the site. Should coal come into widespread use in Texas and other 
locations potentially serviceable by barge, river traffic will in
crease significantly and could ultimately become saturated. While 
rail transportation facilities are expected to also undergo periods 
of shortages, ultimately the rail capacity can be increased to 
accommodate the demand. Disregarding these· limitations, the exclusive 
use of rail transportation for this study has introduced a degree of 
conservatism into the results which are affected by fuel price. 

4.3.3 Number 6 Fuel Oil 

Number 6 fuel oil is used for superheating nuclear-generated steam 
in a fired superheater for nuclear cases 1, 2 and 5. It is also 
used as fuel for operating backup (existing) steam generation 
facilities for all coal and nuclear study plants. The base price 
for number 6 fuel oil has been taken as $2. 60(106Btu for .the purpose 
of this study. The escalation of fuel oil price is assumed to be at 
a rate of 6 percent per year. 

4.4 Operating Economics 

4.4.1 Operating Load and Backup Expense 

The operating load is determined from the specified steam demand 
schedule supplied by DuPont. The levelized·annual steam demand is 
calculated as follows: 

REQUIRED PERCENT WEIGHTED 
STE.Al-1' F-LOW OF TIME STEAM FLOW 

LB/HR REQUIRED LB/HR 

60·0' 000 20 120,000 
700,000 49 343,000 
810,000 23 186,000 
900,000 6 54,000 

1,000,000 2 20,000 

LEVEL! ZED ANNUAL STEAM· FLOW' . -7'2'~'' (}0 0 LB/HR 
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4.4.1 Operating Load and Backup· E:xpense - (Continued) 

Thus, to meet the process steam flow requirement, study plants are 
required to pr·:Jvide process steam at .a levelized rate of 723,000 
lb/hr, with the capability of meeting the schedule outlined above. 
In computing the annual operating expenses, each study plant was 
operated so as to satisfy the levelized steam flow requirement, 
subject to its plant av~ilability. To obtain steam-load-related 
annual expense (fuel, backup operation, power credit or expense, 
etc.) the expenses first were determined for level annual operation 
at 723,000 lb/hr steam load and then adjusted by the appropriate 
plant availability. In so doing, constant operating efficiencies 
and linear operating characteristics are implied. 

Backup operating expense is calculated as follows: 

Levelized Backup Steam Requirement= 723,000 lb/hr x (1-Availability) 
Annual Backup .Btu Requirement = Levelized Backup Steam 

Annual Backup Operating Expense 

Requirement x 8760 Hr/Yr x 
Btu/Lb. Steam 

= Annual Backup Steam Requirement 
~ $ cost of No. 6 Fuel Oil/l06Btu 
; Boiler efficiency (86%) 

For nuclear· cases 1 and 3, where the design capacity is only 810,00.0 
lb/hr steam flow, an additional penalty for backup operating expetise 
has been included. 

For concurrent nuclear/coal construction start date cases, in which 
the nuclear plants require three years longer to construct than do 
the coal plants, the lifetime steam output of these nuclear cases is 
forced to be equal to that of the coal cases through a backup cnarge 
in years 5, 6 and 7 during nuclear construction. These backup charges 
are the No.6 fuel oil equivalent of DuPont's steam requirement 
during each of those three years. See section 4 .1.10 for a complete 
description of backup operating expenses. 

4.4.2 Plant Availability 

4.4.2.1 Nuclear Plants 

The cumulative availability of Babcock & Wilcox's seven large operating 
nuclear steam systems (NSS) through June 30, 1977, ranges from 0.61 
for the lowest to 0.92 for the highest, with a mean of 0.74 over the 
entire period of their commercial operation. Note that this refers 
only to nuclear system availability as opposed to plant availability. 
Ongoing,.· work by B&l.-7' s Nuclear Power Generation Division to improve 
product reliatility and thus minimize maintenance downtime has enabled 
B&W nuclear units to achieve this excellent availability record to 
date, and the data trend has been towards more reliable operation as 
operations continue. 
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4.4.2.1 Nuclear Plants - (Continued) 

Through an extensive· study of nuclear plant reliability, B&W has 
identified the nuclear system components that have contributed most 
highly to plant outages (low reliability) . Such equipment as re
actor coolant pump seals, control rod drives, pressurizer spray valves, 
and surveillance specimen holder tubes have contributed significantly 
to the NSS unavailability. Programs have been implemented within B&W 
that have either corrected the problem or that have identified po
tential corrections. This ongoing product reliability improvement 
program has as its objective an increase in total plant availability. 

The equipment improvement program for the large B&W NSS plants has 
direct impact on increasing the PE-CNSG availability by feeding 
forward pertinent design improvement during the design stages of the 
PE-CNSG. Some design improvement modifications on NSS plant equip
ment, such as control rod drives, have direct application to the 
PS-CNSG, as these drives (in shortened form) are used on the PE-CNSG. 
Some NSS equipment problems, such as seals on primary coolant pumps, 
do not apply to the PE-CNSG, as it uses glandless wet stator machines 
with no mechanical seals between the pump and motor. 

Considering the current availability of B&W operating NSS's and the 
potential improvements which should occur by the tL-ne of PE-CNSG· 
operation, a plant availability of 0.80 was chosen for the PE-CNSG 
·nuclear fuel cycle studies. A 12-month refueling period was chosen. 
Availability is defined in section 4.1.9. Plant factor is defined 
in section 4.1.10. For nuclear cases 4 and 3, a reactor plant factor 
of 0.80 was assumed. To achieve this plant factor, the NSS availabi~ 
lity must of course be greater than 0.80. Since most process plants 
operate near rated load most of the time, the availability required 
to achieve a 0.80 plant factor would probably have to be only slightly 
above 0.80. This is considered to be achievable, as previously 
discussed. 

At 0. 80 plant availability the system is available_ for design-condi.
tion operation 292 days per year and unavailable 73 days per year due 
to annual maintenance, refueling, or unscheduled outages. 

4.4.2.2 Coal Plants 

Industrial coal plants, with their around-the-clock maintenance at
tention, are capable of achieving quite high plant availability factors. · 
For this study, a plant availability of 0.92 has been selected. 
Translated, this factor means that the coal plant will be available 
to deliver design steam flow or operate at any load 92% of the time, 
or 336 days per year. The remaining 29 days per year the coal plant 
will be unavailable either because of scheduled maintenance or 
because of unanticipated operating difficulties. 
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4.4.3 Annual Operating Expense 

4.4.3.1 Nu~lear Plants 

Nuclear plant annual operating costs (less fuel) have been estimated 
by ORNL and PSE and are reported in Table 4-8. Staff requirements 
for plant operations are tabulated in Table 4-9. Costs for operating 
tn¢ superheater and turbine - generator are reflected in additional 
staff for the nuclear cases which utilize an oil-fired superheater 
and/or have electrica~ generation capability .. 

Fuel costs for nuclear cases 1, 2 and 5 include the cost of number 
6 fuel oil for a fired process steam superheater. For cases 3 and 4 
which have no superheater, only the nuclear fuel component applies. 

Because of the batch method of fueling the nuclear reactor, nuclear 
fuel costs are re~orted as discret~ cash flow expens~s for each year 
from first fueling through the life of the project. These nuclear 
fuel cash flow expenses are summarized in Table 4~2 for each fuel 
cycle considered in these analyses. The fuel expenses are net 
expenses and inalude the cost of new fuel and credits for spent 
fuel where such credits apply (reprocessing cycles) . For nonreproces
sing cycles, th·e spent fuel is "thrown away" and no salvage value is 
assigned. Cos~s for. spent fuel storage are included. 

For plants including the number 6 fuel-oil fired superheater, the 
number 6 fuel oil expense is added to the nuclear cash flow in each 
year of operation (after escalation of both fuel oil and nuclear fuel 
expenses). Nt:41lber 6 fuel oil expenses are summarized in Table 4-10, 
including the ::ost of oil required for superheating and for backup 
operation. (Backup operation is not considered as an annual operating 
expense per se. See Section 4.1 for the treatment of all cash flow 
components 0 ) 

4.4.3.2 Coal Plants 

Coal plant annual operating cost estimates are reported in Table 4-11. 
Staff requirements for plant operation are tabulated in Table 4-12. 
Adjustments in staff have been made according to requirements of 
plant configuration. 

Limestone for SOx scrubbing is estimated at $7.00 per ton. Sludge 
and/or ash disposal has been estimated to cost $0.05/l06Btu of 
high-sulfur coal fired and $0.035/106Btu of low sulfur coal fired. 

4.5 Comparative Economics 

The net ·present value. (NPV) and present value steam costs of the five 
nuclear plants and· etght coal plants were determined·for dis9ount 
rates of 10,_15., and 20-per'cent as outlined in 4.1. Figures 4-3 
through 4-27 summarize the results. .The assumption for coal plant 
construction sta~t date is noted on the curves. 
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4.5 Comparative Economics - (Continued) 

Economic results by plant type (coal, nuclear) are discussed in 
the following section, followed by a discussion of the results of 
the coal vs. nuclear economic· comparisons. 

4.5.1 Nuclear Plants 

4.5.1.1 Plants Satisfying Process Steam Temperature Requirements 

Nuclear plant cases 1, 2, and 5 satisfy the required steam conditions 
of 750 F and 550 psig delivered to process. Case 1 is designed to 
deliver a maximum of 810,000 lb/hr of steam to process, while cases 
2 and 5 are designed deliver the specified 1,000,000 lb/hr peak steam 
flow demand. For economic evaluation, the nuclear plant for case 
1 is assumed to be supplemented by a number 6 oil-fired peaking unit 
in order that the total process steam output from Case 1 is identical 
to that for Cases 2 and 5. The supplemental steam is charged at the 
fuel oil equivalent value of the Case 1 steam deficit, net of taxe·s. 
(Table 4-10). Case 5 is designed with condensing cycle electrical 
power generation capability via a turbine-generator inserted into the 
secondary steam loop whicr. generates a net 26.1 MW power for use by 
Du Pont. Each of these three plants has been analyzed for operation 
per Section 4.1. The results of the economic analysis are presented 
.in Figures 4-3 through 4-6. 

Case 5 has the highest NPV (the lowest negative NPV) for discount 
rates under 20 percent and is the economic choice for that range of 
discount rates. The results for case 5 show that the addition of 
electrical generating capacity reduces the cost of process· steam re
lative to the steam-only case 2. 

It is evident by comparing cases 1 and 2 that the capital savings 
realized from the reduced steam capacity and consequently lower 
superheating cost in case 1 is offset by the increased backup operat
ing expense required. The relative attractiveness- of cases 1, 2, and 
5 was not influenced by changes in the coal-eired plant schedule 
(Figures 4-3 and 4-4 versus Figures 4-5 and 4-6) or by associated 
changes in oil requirements. It can be conc:uded that the 1,000,000 
lb/hr steam capacity chosen for the case 5 design is appropriate· 
and is the proper economic choice for discount rates under 20 percent. 

4.5.1.2 Benchmark Plants (Saturated Steam) 

Cases 3 and 4 were- desicp1ed ,.fith no facilities· for· sJiperheating the 
steam. Case 3 is ident~cal to case 1 with the single exception of 
steam superheat capability and thus provides a benchmark determina
tion of the economic effect of the superheat capability for an 
average steam flow rate of 723,000 lb/hr. Figures 4-7 through 4-10 
present the results of the economic study of_the effect of superheating. 
In each case the addition of superheat is seen to decrease NPV ap
proximately $20,000,000 at a discount rate of 10 percent and ap
proximately $5,500,000 at 20 percent. Stea~ costs are increased 6 
to 12 percent by the addition of oil-fired superheating. 
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4.5.1.2 Benchnark Plants (Saturated Steam) - (Continued) 

In order to gain an appreciation of the penalty incurred by operating 
a saturated-steam only PE-CNSG at less than its design capability, a 
further hypothetical comparison was developed. For this comparison, 
case 4, it '~as assumed that Du Pont has a constant annual· saturated 
steam demand of: (a) 723,000 lb/hr and (b) 1,288,000 lb/hr. 

Assuming that only the steam demand varied while other assumptions 
remained the same, present value steam costs were determined for both 
1,288,000 and 723,000.lb/hr steam·flows. ·The results of this compari
son are presented in Figure 4-11. The unit cost for saturated steam 
is seen to be reduced approximately 20% as a result of using the 
PE-CNSG at its full capacity. 

4.5.2 Coal Plants 

Each of the coal plant designs satisfies DuPont's process.steam re
quirements, including flow, pressure, and temperature. Cases 1, 3, 
5, and 7 are high sulfur-coal-fired plants with flue gas sulfur 
scrubbing; cases 2, 4, 6, and 8 are low-sulfur-coal-fired plants 
without scrubbing facilities. See Section 3.0 for technical des
criptions of these plants. Cases 1 and 2 provide steam only and 
include no electrical power generation capability. The remaining 
plant designs include various schemes for power generation by means 
of backpressure, condensing, or a combination extraction-condensing 
turbine generator. 

Figures 4-12 through 4-15 present the results of the economic evalua
tion of the high-sulfur-coal-fired plants. Among these plant con
cepts, the case 7 coal plant is the economic choice over the range of 
discount rates studied. 

Figures 4~16 through 4-19 present the results of the economic evalua
tion of the low-sulfur coal-fired plants. The Cas_e 6 plant is seen. 
to be the economic choice in Figures 4-16. and 4-·17, while the case 6 
and case 8 plants are economically equivalent in Figures 4-la and 
4-19.. Deferring the start of coal-fired plant construction from 1978 
to 1981 does not alter the relative economic attractiveness of the 
various p~ant concepts studied. 

The optimum high- and low-sulfur coal-fired plants are compared in 
Figures 4-20. through 4-23. Were low-sulfur coal firing without flue 
gas scrubbing to be allo\o•ed, the low-sulfur plants would be the eco
nomic choice. However, it is a virtual certainty that all new coal 
fired plants will be required to scrub flue gas. The addition of 
flue gas scrubbing to the low-sulfur plants would decrease their NPV 
below that of ~he high-sulfur plant, case 7. Therefore the case 7 
high-sulfur coal fired plant is the economic choice for comparison 
with case 5 nuclear plant. 
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4.5.3 Economic Comparison of Optimum Coal and Nuclear Plants 

The case 5 nucle~r plant and case 7 coal pl~nt are compared in 
Figures 4-.24 through 4-27. At the present -::ime, there is no nuclear 
fuel reprocessing allowed in the United States. However, the possibi
lity that fuel reprocessing may become feasible in the future cannot 
be ruled out entirely. The results of the Case 5 nuclear plant eco
nomics are presented assuming both reprocesaing and non-reprocessing 
fuel cycles. Because of the low sensitivity of nuclear plant economics 
to fuel costs, the impact of non-reprocessi~g is quite small. The 
non-reprocessing fuel cycle increases the f~el cost over that of the 
reprocessing fuel cycle by approximately 10 percent. The case 7 
high-sulfur coal-fired plant is presented assuming coal prices of 
$1.20, $1.40, and $1.60/ 106Btu. At a discount rate of 15 percent, 
the coal plant is the economic equivalent o= the nuclear plant (Base 
case)' at a coal price between $2.00 and $2.20/106Btu for the con
current nuclear/coal construction start date assumption (Figure 4-24· 
and 4-25) and between $2.40 and $2.50/106Btu for the concurrent· 
nuclear/coal operation start date assumption (Figures 4-26 and 4-27). 
To illustrate the effect of plant availability, the NPV of the coal 
plant firing $1.20/106Btu coal is shown for an availability of 0.85. 

Refer to Section 4.1.17 and note that the-present value steam cost is 
a function of net present value, annual steam Btu· production and a 
discount factor (same value for all coal and nuclear cases for the 
same discount rate and escalation rate) • In the case of concurrent 
construction, implying 26 years of operation, this discount factor is 
calculated over the range 5 to 30 years. For the concurrent opera
tion assumption, implying 23 years of operatic~, the discount factor 
is calculated over the range 8 to 30 years, thus lowering the factor 
and tending to increase the present value steam cost. 

,. __ __.____ ---- ·----

The higher present value steam cost for the nuclear case as-shown in 
Figure 4-27 is the result of the discount factor decreasing at a rate 
faater than that of the improvement of nuclear plant net present · 
value. The approximately equal coal present value steam cost in both 
Figures 4-2'4 and 4-27 is the result of the coal plant net present 
value and the discount factor decreasing at the same rate. 

4. 6., ::NPv Sensitivity to Variations in Econonic Parameters 

Seven economic variables have significant inpact on the NPV of the 
investments being considered in this study: 

Capital Investment 
Primary Fuel Cost (Coal, Nuclear Fuel) 
Primary Fuel Cost Escalation · 
Secondary Fuel (Number 6 Fuel 0~1) 
Operating Cost (Less Fuel) 
Power Cost/(Credit) 
Availability 
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4,.; 6 NPV Sensit.ivity To Variations in Economic Parameters-·(Continued) 

In order to evaluate the sensitivity of NPV to these parameters, coal 
case 7 and nuclear case 5 were analyzed for a range of variations in 
the parameters. Both cases are for the concurrent construction start 
date, January 1, 1978. The results of this sensitivity study are 
presented in Table 4-13 and discussed in the following section. 

4.6.1 NPV Sensitivity to Variation in Capital Investment 

Both plants exhibit approximately the same sensitivity to capital in
vestment costs. At loVl discount rates the nuclear plants are slightly. 
mor·e sensitive due to the capital intensiveness of the nuclear plant. 

4.6.2 NPV Sensitivity to Primary Fuel Cost 

The annual expense for nuclear fuel is significantly less than for 
coal. This fact is apparent in the sensi~ivity of nuclear plant NPV 
to primary fuel cost variations, which is approximately one-third to 
one-fourth of the coal ~lant sensitivity to coal price . 

. 4.6.3 NPV Sensitivity to Variations in.Primary Fuel Cost Escala
tion Rate 

As was observeq for primary fuel cost, the effect on NPV of varying 
fuel cost escalation rate is significantly greater for the coal plant. 
The amplificat:.on of sensitivity by a factor of more than four is, 
once again, related to the relative prices of coal fuel and nuclear 
fuel. 

4. f. 4 NPV Sensitivity to Variations in Number 6. Fuel Oil Costs 

Because the· nuclea.r plant uses number 6 fuel oil for superheating 
steam as well as for a backup operating fueJ,, its NPV is more sensitive 
to variations in fuel oil cost. Note that the nuclear plants exhibit 
a higher sensitivity to number 6 fuel oil cost than to the primary 
nuclear fuel costs. 

4.6.5 NPV Sensitivity to Variations in Number 6 Fuel Oil Cost 
Escalation Rate 

For the reason stated in 4.6.4, the nuclear plant is twice as sensi
tive to fuel oil price escalations as is the coal plant. 
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4.6 NPV Sensitivity to Variations in Economic Parameters - (Continued) 

4.6.6 NPV Sensitivity to Annual Operating Costs (Less P~imary Fuel) 

The difference in sensitivity to nonprimary fuel operating costs 
between nuclear and coal plants reflects the higher coal plant base 
operating cost. The coal plant NPV is approximately twice as sen
sitive to such variations. 

4.6.7 NPV Sensitivity to Power Credit 

The case 7 coal plant generates approximately 38% more net electrical 
power and it is therefore more sensitive to changes in the credit 
allowed for this power generation. 

4.6.8 NPV Sensitivity to Availability 

Both nuclear and coal plants exhibit a rather high sensitivity to 
plant availability, with coal plants being more sensitive than 
nuclear plants. 

4.6.9 Use of.Table 4-13 

Table 4-13 can be used in conjunction with Figure 4~24:' to construct. 
NPVs for. .coal and nucle~. plants not .actually analyzed-. va·.riations 
in the· ·economic parameters should. be limited_· to +10· p·erce·nt for good 
accuracy, except that coal price variations of up to· +50 percent will 
yield accurate results. Variations in excess of those stated will be 
less accu~ate and should be attempted with caution. For variations 
in escalation rates, +1 percentage point will yield good accuracy. 
Variations larger than 1 percentage point will yield doubtful accuracy. 
Availability variations should not exceed lS percent. 

This table has been constructed from analyses performed on nuclear 
case 5 and coal case 7 with concurrent construction start dates, and 
its use should be limited to these cases. ·-

Power Systems Engineering, 
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CLIENT - DUPONT (NUCLEAR> 
CASE - !'\ 
PSE JOB - 4027 

(1) 

YEAR CAPITAL 
EXPENSE 

-103056 
2 -319573 
3 -4038043 
4 -21010387 
5 -60833996 
6 -85955575 
7 -28759210 
8 0 
9 0 

10 0 
11 0 
12 0 
13 0 
14 0 
15 0 
16 0 
17 0 
18 0 
19 0 
20 0 
21 0 
22 0 
23 0 
24 0 
'JC 
~., 0 
26 0 
27 0 
28 0 
29 0 
30 565797 

COL. TOTALS -200454043 

FIGURE 4-1 - CASH 

<2> <3> 
BACKUP NET CHANGE 
OPERA riNG IN WOWONG 
EXPENSE CAPITAL 

0 0 
0 0 
0 0 
0 0 

-148729~4 0 
-157653.~3 c 
-16711265 -2681787 

-446::5685 -134089 
-4733626 -140794 
-5017644 -147833 
-5318702 155225 
-5637824 7l62'7H6 
-5976094 -1711:36 
-6334660 -179693 
-6714739 -188677 
-7117624 -198111 
-7544601 208017 
-7997362 -21£1·117 
-847720:3 -2293:i& 
-B985836 -2408\)5 
-9524986 -252845 

-10096485 -2654E18 
-10702274 -27E1762 
-1D44411 -292700 
-12025075 -:307335 
-12746580 322702 
-13511374 -338837 
-14322057 -355779 
-15181380 -373568 
-160'12263 7844925 

-257218197 0 

FLOW EXAMPLE 

ECONOMIC ANALYSIS SUMMARY 

CASH FLOW SUMMARY 

(4) (5) (6) 
INVESTMENT FUEL OPERAHNG 
CASH FLOW EXPENSE EXPENSE 

( 1t2t3) 

-103056 0 0 
-319573 0 0 

-4038043 0 0 
-21010:587 0 0 
-75706980 6 0 

-101720938 -22936292 0 
-40152282 -8270272 0 

-4599774 -11832797 409656 
-4874420 -12374374 553~32 

-5165477 -12957150 706035 
-~.473928 -13693373 867!>82 
-5f:IOOB11 -14515293 1038822 
-6147230 -15306211 1~~20336 

6514352 16309.:183 1412741 
-6903416 -17287946 161669.1 
-7:515'735 -18325223 1.8328?7 

77526Y7 -1 '74247:37 20620:3!:. 
-821 ~i779 -20:590221 2304941 
-€1706542 -2182~j634 256242~5 
-9226641 23135172 2835353 
-9777B31 -245232B2 3124659 

-10361973 -25994679 3431324 
-109131036 275~;4366 37~;63EIB 
-11637111 -29207{,22 4100956 
-12332410 -30960079 4466198 
-130692132 -32817684 48~.3355 
-13950212 -34786'745 5263741 
-14677FI36 -36873949 56913751 
-15554948 -39086386 615'7B61 
-76Bl541 -41431 :;;7o 6<'>48637 

-457672:f4o -572100"734 66Y:U196 

PAGE 1 OF 2 

FUEL C\'CLE Sit 

(TABLE 4-2) 

(7) CB> (9) (10) 
TOTAL [oEPRECIATION I·NTROC•. ADJUSTED 
ANNUAL EXPENSE Oi-"EI~A 1 I NG 
EXf"ENSE EXPENSE 
C!'\H.l <7-Bi-9) 

0 0 0. 0 
0 0 -6628 -9628 
0 0 -109027 -109027 
0 0 -567280 -567280 
0 0 1642518 -164L~ 

-22936292 0 -2320801 -25257093 
-8270272 0 -4327752 -12598024 

-11422941 174.30786 0 ··!:!Bl15~ 
-11820742 16638478 0 -28459220 
-12251.115 15046169 0 -28097234 
-1.<826091 14.:>37m -~ 1031<Jr-
-13476471 131.)20J.b0 0 -270')6.:!.31 
-141b5875 1290330'1 0 -2706'7J 04 
-14B96642 12186~1:)9 0 -2708.>101 
-15671256 1146'7608 0 -271·10864 
-16492346 107::i27~;B 0 -272•15104 
-17362702 Ioo:l:s9,>7 0 -2739U.~09 
-1B2B5~!79 93 t '70::;7 0 -2760·1336 
-1•7:=!~.3211 8602::06 0 -27865'117 
-20299819 78B5~i56 0 -28185175 
-21398623 7160505 0 -28567128 
-2256:3356 64516~;s 0 -2901501() 
-23797'772 5734i><H 0 - 2 95 -~ :.~ 'i"7()"" 
-25106665 50l"J<i':5·l 0 -3012•16.19 
-26493B81 4:501103 0 -30794984 
-27'Jm28 3s·s·:r253 0 . 315·lt:S5t:ll 
-29523003 2867402 0 -32390405 
-31175199 2150552 0 -33325750 
-32926526 1475'3701 0 3'11.16012/ 
-34782932 71Ml:5l 0 -35499783 

-50~1735313 200454<>-13 a976oo7 -714c035HiJ 



ECONOMIC ANALYSIS SUMHARY PAGE 2 OF 2 
0 

CLIENT - DUPONT <NUCLEAR> FUEL CYCLE 5R 

CASE - 5 (TABLE 4-2) 
PSE JOB - 4027 

( 11) <12> <13) (14) (15) (16) 
YEAR FEr<ERAL NET INVESTMENT TOTAL NET DISCOUNTEio 

INCOME OPERATING TAX CREDIT CASH CASH CASH FLOW 
TAX EXPENSE FLOW FLOW 

C-TRX10) <10+11) <-ITCXl> <8+12+13> (4+14) DR=15.0 

1 -o 0 -0 -0 -103056 -B9b14 
2 4142 -4487 319::i7 27471 -292103 -220872 
3 52333 -56694 403804 347110 -3690933 -2426848 
4 272295 -294986 2101039 1806053 -19204:!34 -10980140 
5 788409 -854109 6083400 5229290 -70477690 -3503'7868 
6 12123405 -13133688 85('1~;:;57 -4538131 -106259069 -45930728 
7 6047051 -6550972 2875921 -36750:H -51827333 -194fl3814 
8 13849789 -15003938 0 2426848 -2172926 -710333 

; 9 13660425 -14798794 0 1839684 -3034736 -862661 
10 13486697 -14610~i88 0 1235581 -39291396 -971410 

~ 11 13038289 -14124813 0 212199 -5261730 -1130973 
I 12 13006383 -14090248 0 -470088 -6270899 -1172076 

N 13 12993208 -1407:)976 0 -1172666 -73191396 .,-1 HJ'7b88 
0\ 14 1299988B -14083213 0 -18967:'i4 -8411106 -1188730 

15 13027615 -14113249 0 -2643641 -95470:'i7 -1173281 
16 130"77650 -l.416"7454 0 -3414696 -10730431 -U'I6- ~ 

17 1J1iHJJ~ H:;;o\YH7.. u -4211.!76 -1i 1l6406.7 -1111772 
18 1 :l2~iOOH1 -143~ 1\255 0 -50351 '18 -13250'17/ -1070747 
1? 1337:5400 -144'1001"/ 0 -5BEJ"7EI11 -14~i9•l353 -1025477 
20 13528884 1465{,2'}1 0 -6770935 -15997576 -977456 

I 
21 13712222 -14854907 0 -7686402 -17464233 -927887 
22 13927205 -15087805 0 -8b36151 -HI990123 -il77724 
23 14175733 -15357044 0 -9622239 -:W603276 -8277::~5 

24 14459817 -1:)664002 .o -10b46f.l48 -2228:i959 -778474 

' 
25 14701592 -1.60133'71 0 -11712280 -24044699 -730421 
26 15143319 16405262 0 -12821010 25090291 -683901 
27 15547395 -16843011 0 -13 1775609 -27825820 -639155 
28 15??6360 -17329390 0 -151/9838 -29856674 -596351 
29 16492909 -17867318 0 -16433617 31 '78f.l:565 -555594 

l 
30 17039896 -18459887 0 -17743036 ~~2~'i424577 -383989 

COL. TOTALS 343009722 -371593866 20091678 -151048144 -608720384 

( 
NET PRESENT VALUE =-134912414 

' FIGURE 4-1 (Continued) 
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ECONOMIC ANALYSIS SUHNARY PAGE ·1 OF: 2 

0 
CASH FLOW SUHHARY 

CLIENT - DUPONT <H.s. COAL> COAL PRICE $1.20/l06Btu 
CASE - 7 
P~E JUB - 40::.!7 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

__________ LYE~AnRn_ ____ ~C~A~P~IT~A~L~--~~~A~C~K~·u~p~~--~N~EuT~C~H~A~N~G~E~~~~N~V~E~S~TnH~E~NLT--~f~U~E~L~~--~O~P~~E~R~A~T~I~N~GL-__ -2T~O~T~A~L7---~DEELP~R:E~C~I~ALT~IO~N~~I~N~T~R~O~D~,~-2A~D~JUSTED 
EXPENSE OPERATING IN WORKING CASH fLOW EXPENSE EXPENSE ANNUAL EXPENSE OPERATING 

EXPENSE CAPITAL · EX.PENSE EXPENSE 
( 1+2+3>. <5+6> <7-8+9> 

1 -3125641 0 0 -3125641 0 0 0 0 -53925 -53925 
------------z~--------2~2~5;~1~16~5~o~--------~o~--------~o~---~2~2~5717176~5~o----------~o~--------~o~--------~o-----------o~------4~5o~2~3~3r-----_·45o2~ 

3 -42702098 0 0 -42702098 0 0 0 0 -854042 -854042 
4 -19803098 0 -2692208 -22495306 0 0 0 0 -2482102 -24821"02 
5 o -2287663 -134610 -2422274 -1786ooo5 5460556 -12399449 7459565 o -19859o1-s--
6 0 -2424923 -1"11311 -2566264 -18931606 5849334 -13082272 7120494 0 -20202766 
7 0 -2570418 -148408 -2718826 -20067502 6261438 -13806064 6781423 0 -20597~07 
8 o -2724644 -1s5828 -iaao4n -21if1s52 6698269 -14573·2-83 613-557~3;---------~o:---_:2o7<rsss6 
9 0 -2888122 -163620 -3051742 -2i547845 7161309 -15386536 5820794 0 -21215330 

10 0 -3061409 -171801 -3233210 -23900716 7652132 -16248584 5522016 0 -21770600 
11 o -3~:4.5094 -1S0-391 -3-425485 -2"~.;3-"f7s9 af72•i6s--=Iii6i3.54 5.213.2:!-:- o -223·7· ~92 

1 12 0 -3"139800 -189410 -3629210 -26854845 8723893 -18130951 4908459 0 -23039410 
~ • 13 0 -3646163 -198881 -3B45068 -2846613:-i 9308471 -19157664 46011.>80 0 -23759344 

1 ! - ·-----~1"=4'--------------~o-----:_3864959 -2oaa25 -40737ii~o1i4To3 9928.124 -2o2.459i9 4i949o·t o -2454o·3a-1-
~ 15 0 -4096056 -219266 -4316123 -31904550 10584956 -21399594 3988123 0 -25387716 
-...J 16 ______________ ~0~ ___ -_4.,_3,42668 -230229 -4572897 -33903.622 11281197 -22622425 3681344 0 -26303769" 

-----------717 o -466322-8. -241741 -484.ii96~3s937s4o--1-iiH92~239 ie:S26 ______ 337•i565 o -2729319 i-
18 0 -"1879422' -253828 -5133250 -38094110 12801511 -25292599 301.>7787 0 -28360386 
19 0 -5t72187 -266~19 -5438706 -40379757 13630746 -267~9011 2761009 0 -29510019 

----------..;.io o -54-a2.51a-------27·r;;·a4s---=-s762363-----=-42oo254-2---145o973s-----2s292i:io"7 ____ 2454229 o -3o747o36 
21 0 -5811469 -293838 -6105307 -45370695 15441"164 -2992'7231 2147451 0 -32076602 
22 0 -6160157 -308529 -6468687 -48092936 16429096 -31663841 1840672 0 -33504513 
23 o -6529767 -3~3956 -6a53723-----=5o97e5i3--1 i47s9·a~33:5o2527 _____ t"533893 o -·3so3642o-
24 0 -6921553 -3~0154 -7261706 -54037223 18585689 -35451534 1227115 0 -36678649 
25 0 -7336H46 -357161 -7694007 -57279457 197619i5 -37517482 920336 0 -39437818 
26 o -7777o57 -375o2o -8152o7o -6·otf6224 2·iooas3a----=397o73-s6 ______ 6T3557 o -4o32o944 
27 0 -8243680 -393771 -8637451 -64359198 22330513 -42028685 306779 0 -42335464 
28 0 -8738301 -413459 -9151760 -68220750 23731488 -44489262 0 0 -44489262 
29 0 -9262j99 -434.i32 -9696731 -:7231:399-:r---25216521 -47697'173 0 0 -47097473-
30 2357487 -9818355 9116772 1655904 -76652834 26790657 -49862177 0 0 -49862177 

COL. TOTALS -85785000 -135329881 0 -221114882 *056533315 356815517 -699717797 8578500(1 -3840302 -789343099 

FIGURE 4-1 (Continued) 
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-----=C~LIEHT - DUPONT (H.S. COAL> 
CASE - 7 
PSE JOB - 4027 
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ECONOMIC ANALYSIS SUMMARY 

CASH FLOW SUMMARY 

(11) <12) (13) <14) (15) (16) 

PAGE 2 OF 2 

COAL PRICE $1.20/10~Btu 

YEAR FEC•ERAL NET INVESTMENT TOTAL NET DISCOUNTED 
--------~~~------.. NCOM~E~---7o~P~E~R~AvTviNrrG~~T~A~X~C~R~·E~Dni~T----C~A~S~H~------~C~AS~Hr---~C~AnS~H~F~D~O'TI=-----------------------------------------------

TAX EXPENSE FLOW FLOW 
<-TRX10) (10+11) <-ITCXl> <6+12+13) <4+14> 

2 
3 
4 

6 
7 
8 
9 

10 
11 

I 12 

25884 -28041 
216112 234121 
409940 -444102 

1191409 -1290693 
9532327 -10326688 
9697328 -10505439 
9881994 -10705493 
994"6251 -I<rna6o5 

10183359 -11031972 
10449998 -11320712 
Io74T24q-::-rr;s·:;·.;!4a 
11058917 -11 '}00•193 
114044EI5 -1235 11059 
ID7962:r--=I27oT25"e 

• 13 
! --- -----rl4.,.-----T 

15 
16 
17 
18 
19 

12186104 -13201612 
12625809 -13677960 
13fo<f73~4f9146Q 
13612985 -1474740i 
t411.4~·:19 -1534::i2l.O 
147~8577:=1598Eiif5"9 --------.2~0-------r 

21 
22 
_j 
24 
25 

6 
27 
?.a 

9 
30 

COL. TOTALS 

15396607 -16679875 
16082166 -17422347 
t6at"74·o~Tif:nliV:3"6 
17605751 -19072897 
18450152 -19907665 
1935.'I05J-----=:2.0"9C?.oe9I 
20321023 -22014441 
21354846 -23134416 
226667a~~9ve?.S6 
23933845 -25926332 

378884688 -4104"58412 

269624 
2251165 
4270210 
1980310 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

8771309 

241583 -2884058 -2507877 
2017044 -20494606 -1549 
3826108 -39975??0 -25561595 

6896·17 -21805689 -12467474 
-~67I:2~2s9.~?o--=1o~'ln 
-3384944 ~5951208 -2572872 
-:5924070 -6642897 -2497311 
-4l>33032 -nrnso-.r---=2-4S6I7 
-5203177 -8254919 -2346563 
-:P98696 -9031906 -2232549 
-6421T10 -984o59s---=2Ho45 
-7072035 -10701245 -2000139 
-7753179 -11598247 -1885039 
-840-635~1"2540 1""40~77228 
-9213490 -13529613 -1662715 
-9996616 -14569513 -1556968 

-1oill7G9~!';r,?;~s7.:r---=l'\::.5~ll 
-11679614 -16812864 -1358565 
-125!H202 -18022908 -1266365 
-i353"423o--=19296":';93~f79027 
-14532424 -20637731 -,1096497 
-15581675 -22050361 -1016740 
i66.85.o4::r--=2~:s·:5en·s---::~J;rsz,s 

-17645783 -25107489 -877112 
-19067329 -26761337 -812946 
-2035333~28505409 -75298 
-21707662 -30345113 -697023 
-23134416 -32286176 -644877 

2lf49"0"2'.9.,.-----=J;11 872ft 7 -59378 
-2592U332 -24272428 -366588 

-3Is90ao3 -s:rJoTI9-

.. 
--------------------~--------~------------~-----------n·El~~rLno£~m~-~9"4~a~2me~3Tl~7------------------------------~---------------

FIGURE 4-1 (Continued) 
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·DESIGN STEAM FLOW-LB/ HR 810,000* ., · 1, 000 , 000 ·1,000 , 000 · · · 
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- - --·- _ _:_ ---- -- ---l---·-·· .-. , -:_-::-:-::-coNSTRUCTION JANUARY f, - 1981~---_ .- --. : __ c~=~f ·~ _j~~::~:::;~~~-=--c_:t~=~~==_-- ·: 
' I ' ·- - ----"--- ' I _!._ _ ___ , . - -- ' ' - - • 

I ' : • I . I : • ---~ ' I . : . t ---r· -
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.:-==-:===cASE ·g·_:-(38. 3 HW) , 
. -::--==:.~PLANT .. FACTOR 0. 92 :__--:-=_-:-_-=..-_~:;=-.~-- .... 
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-·~- •• ·-. ~~ • • - ••. - . - ·· - · - . • --- · ---- · --·. ---- --------· -- • . • ; __ • -. --- _ ____ __J__ ___ _ _ -- J 

:.-: DESIGN .STEA!rFr:;ow -:" 'LB/HR : ___ :..:.:.~ ·=._-::-.::::i .. l -,000,000 ···:·~~-! ---- -- - j 
-~~: ~;~c~~;,TE~T;~E~~;o; :~,~~ :~~-~-~-~~~ :~;~k- ~E~2~u~~s - :· ~=;~~~-~ ·--~J :~:j 
-- ·-PLANT AVAILABILITY . . . ; ___ . ____ _::-f-- --· ___ 0. 92. . _ - -· '- __ ~-- --j 

..:..=.:_~~T_ FACTOR :~ ___ ____ -_: ::_:...:::_:-_:::-__ ~-6 :_·_- ---;---sEE_ tURVES ----r--- - --: 
-- HIGH-SULFUR COAL COST - $/10 BTU · - =L- ·-·-· 1. 20 - --- - --- .. - - - -: 
_;·_ LOW-SULFUR COAL. COST - - $/106B'J_'t) __ ~-:::..=:f-·--:-::~:- 1 .• 35:. ".: -_:==--=---=--===-=·:-:.:: 

- ---- . ' - ----- - t -· - .. -· - ·--- - -- ... -. ·-- .. ---+----- ~--- . I ••. ..•.. ·- ~-----~--·-· - --·-·-·- - .. • 

~
-----~-=; -=-=--:-- · I . - :=NOTE: . NUCLEAR/COAL PLANTS START. -- - -- - · .. ' 
-- ___ :_---:-- :·:--_-:·-.:::-_:-_ :::-.::- ~~~:-·-::_: :.:::.: ..... ___ CONSTRUCTION JANUARY 1, 1978. -~ - -

- -~~~ . :~~~ -~~=~ ~-=~:;:_T:~:r~:i_§i~=:.:- _ ·-• 

1
----- ---~-=----==- , ~~..=;-====-- -----=~-= - -=- . __ - _--: . ·--~ 

-io ~~=:~-=t==-~-=~-: -~-- . -----.---- - --_:;==:::=..--:::_. -~: 
--- ·---- _-=.i--· -, ·- ---~----

- . ......_, - ·---,.---=--· --1-----..:. ~ -.:.:. 
---- ··--- . ·-------- .---,~=l~===E~E·E· ±====t=== 11) ---- - == 
.. _. ·----· _:...-.-- ---~=-t=-·-·---t=-''-::..-· +-! - : ~-~·~=~:...... _.:._ __ -+- -----~--L~-_--:-_--_- -. ~~- .. --· 

.. -------.--. 
" 8 ----·---z . - --

ril ' ' -· - · 
(/) 

_ - -. · ~ · · '· , · · 'TT-r ·-- - +------·-- .. - .. 

._... __ _., _ ---- ··--- .·._:::.CASE_ 'Z.::.t36 .L.MW, HIGH SULFUR .COAL __ 
··- ---~ ·- WITH FLUE-GAS SCRUBBING) 

.·.·..:_·::==-~-==:PLANT - F~.CTOR 0.92 · · ··· --· -----

-~ ~~~......:...~ :;-1..-::-: :.--.:~--=:~::=;:: -=: ... ~ ~==~:~f ~~=~~:_ : 
. -- . ---'-· CASE' 6 . ( 9. 9 MW I LOW-SULFUR·.-

·----~--r- ---- col\.L WITHOUT FLUE-GAs·.. ' 
· · ·--+··-·- ----·--- - .... ---· .-- .-:--SCRUBBING) -- -- .. -- -- -~ 

- ~ -----~100~--------H------' 

- ~ :'-h ;·;:-;-t-~----- . -- .. _:..--::::..--::r--- ~-PLANT · FACTOR a·. 67 --~- ---· · · 

·---- I, ·-±~===~:_:~~~-=~?~~~=~-···. :·: 
A< 

·~~i~~;-_l~~-~-~~=~~;~~u.· .: 
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4-47 



4-48 



- -=- ~-: ~-~-~--=----=----·-·-·· ~ : .. --.-.---· · -!-----·-~ -=-= ·- :-· :~-:- -: :_ ~ --- r· · ·:-··:-· - -~=-~~=~-:-~: _, 
-- -· · - -·--·-·i DESIGN STEAM FLOW-: LB/HR - · • -- · · · 1,000,000 - :·-····· · -- · · ' 
·--····.. .... . - .. --·-·-· ' · >----· ···--··· .. ·-1 
.. ..!.~: -:_: =: ., ·PROCESS STEAM FLOW ·- . -LB~HR --_ ;_.:_ ~--=:=-~-- ~ -7 23 1 000 : _-:··_::: -::_~ ;_~:~j 
- -- -- --------1 NET POWER GENERATION- LW ----;-------- - · SEE CURVES ---- -· ... ; 

PLANT AVAILABILITY . _ . ---~~~-j:::_ _ __::_ =-_.:_-~- ~ ·. 0. 92 : ~-~ ~:-_::_--_ _--- ' 
r-----~'-PLANT - FACTOR ---- ---- ' SEE CURVES-----~ 

-=--=:~-::_--r ' HIGH-SULFUR COAL COST - $/106BTU - ·:::__:- ~..:. : ~ .1.20 .-=::_; ==== ~ :·.:-::: -==-===-- ' LOW-SULFUR COAL COST _~ $/106BTU _.:_ ~ - ... : _::_t: 1.35 __ ::_::_i=-_ ===:... :_:: ~-; 

~~:- .--=-~~?:~£; --·. - -=--=-_r- -~~-~ ~-: =-=- · :~~=~~--------~~t::~ :~~--= :_ :=·- ~- :-~ ~:.:~~~ --~~:=- -- - -~-_-- : 
~ · - --- --- .. I_ --- · - ... · '- NOTE: · COAL PLANT CONSTRUCTION 

- ---- - 60 ===:..::.~~==-=· ~- : :·~ :.-----~~STARTS - JANUARY 1-,-19~1. -__ - _--

·__:-_ ___ : -T·--_- · :.-~~~~~~~t~:~~~ -~=~ ~~-=~~-==: --~-1 :-:=-~~ ~-· 
-~-· - --· ----- .... . . ==f=-----;----- ----~---- --. 

-~--...:.::J. ·----------------- ·----- £'----~f--·· -----:--- -.......... ---.±.==-:-:-~ --=---- ,----- . r---~- . 
·-----+-----+~---- - 0 -- -- .. =-=--=------:- . . --=r_:. . .....:..,_· -I ___ :-~ ==t=:.::.. __ __ ==:r=-_-=--=- . 
--~~--~~~---'r--~· --· ~-· ------~~ I --

---;---.-,-,, --+--:~-·c..,-~--+ - '----·--· -----~---· 

-~---~r-~--=:~~-~·~~~r .,...-r--- --- --~---t--
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=::-[ •• ~~~; ' ~ -~ ~~~~0~~~:~/~. :~-1~P~ : _:C~ -i • -Nuc~~AR -. •-~~~- U:ci 
:=_:_:- ~ :: FUEL CYCLE ... . - ...... :._ :·: :-=-:-~- · N/A . --· : ~~; . SEE CURVES :-:_-_--_: --- ~ 

- -- . DESIGN STEAH FLOW LE/HR .... 1·1 000 I 000 .. -·- 1 I 000 I 000 
--~-~ - - . .P~OCESS STEAM FLOW LE/HR -- -~--r 723 I 00 ·- ' -7-23 I 000--- . - ------, 

_ , _ ·· . ~ N3T POt-TER GENERATION-HW . -_· ·:~=- ,36.1 .. :::F:_ _ _:: _· 26.1 .. - ~:.__-:- ___ · :_; 
-- ·;·· ·· · PLANT AVAILABILITY · ·- ·-:- ·· · -- i 0. 92· · · · 1 · -- ·- · 0. 8 0: · ·---- · · · : 

-- -= -:: · PLANT FACTOR - ... -· - ---=.=::-:-t· 0. 92 __ _:. : .. ;.:-.. : ·: .. 0. 8 0- ··---:= ---_ : .. ; 
_ ~.:·-: :. CJ AL COST - $/ 106BTU . ' . : -_ · _ _---SEE CURVES . ... --- " N/A :- _ ~_::·· ... ' 

t
~~20 
..:l - ·----

:;. ~-=-=---. ' --· . .. . 
8 .... -- -- -z . . . _ .. 
~ ------

__ tl) . . 

--~ ~ - -~1_oo . 
. 14.-:- - - ·-

--COAL PRICE 
-_=._~====cOAL-- =--Sl. 20/106Btu $1. 60/l06BTU 

. ·: ·-:---- .=_= AVAILAEILITY - 0. 85 - , $1.4 O/l0 6BTU 

~~~::::·:~:-~ ~1.!'~!!. _FACTOR ~- 0. ~ 5 -~:.-:::::~..:. ·:~:-~ ~-~ :::=-:-~..: :· ~-.-_:::: _$1._20/l06BTU 
·-- - . 1- - . ·- . 

r----=---'t o. -- - -
..,.. .. :-:::-: ::.:: . 10 ..... . , , . 15 . I .. 2 0 .. -~:..:...:- . 
:-;.::::. .. ;--: :.:::_ ~: :-=~· . .::_..:.:_t-· ~ DISCOUNT RATE - · %·.: .. ::::: : ::~=-..: ~:_ :_:..--.. · :_ ~..:.===--~. I 

·r:-==:-:-:::-:·: I : ::::._~-..:·:. -1-- .:::.: -~-: : · .. . · : . · · ... :=·r..:. -- ~-..: .:::·-:. ·-· r=:.::::.-: ::._-_---r---: · · 
~...: : . :-..---= -=·FIGURE ~ ~-26 COMPARISON OF · OPTU1Uz.! COAL . ~_:.:::-..:.===r~·--:_: _ _:: :_:: 

- .!.. -- -------..,.--- AND NU_cLEAR PLANTS · · - -r---·---=~-.-- · · 
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~}J:: -:e: : ~~n-~~-v;:~i~~-~:t~:~ ~0~ -~ r- :--N~~~~~~ I: -f_ : 
· F.UEL CYCLE -· . -·· ·--; · . .. - --·-i·. N/A ... ..... SEE CURVES.-· .... , 

=:=.:::=--~ · DESIGN .STEAlCFLOYt'"= -'LB/HR :~~-~ ..1~000,000 .. :_~ : ~ 1,000,000 ~ : ~ : _-·: 
. . PROCESS STEAl-1 FLOW · - .: LB/HR---·723,000 : . 723 ·,000---

---=:::-: .. NET POWER GENERATION-HW .. - _ .:..__-f~ 36.1 . ·:~_::_:.:: ·_ 26.1 .: ~-=::-.:.::.: ~ 
:==:~=:::: : PLANT AVAILABILITY . . .. _ _ :_=.--· ,· .. ~-0. 92 :. : ~ ~-~ -·:_:-.:.._-:-....:=: :_o. 8 0 ... ~-=.::...:::::: .. ~ ~ 
-·-···-- · PLANT FACTOR · .. - ·· · ---·---·-t ... 0. 92 · - --:---· .. -- 0. 8 0 · - .. - ·- ··-i 
.:-=:=.-:::._-_-_·· ::·coAL COST -/l06BTU : :::..:_~ ::::·_-___ -- -.SEE . CURVES .. : - ·-~:_::::::_-::-~ N/A ·.:·=::.:.:-. ::::-::-=: 

.. ... .... --=~:..:_-==- ..... COAL ' - ·- $1 ~ 20/l06BTU 
.. .... ···--.. ;- - - ···· AVAILABILITY- 0.85 

..... · .. :..:_:.:r_:==::-:---=..f.---:.....-===1---· - -·PI,ANT FACTOR - 0 .• 85 
--:·~--.. ··~=·- · -==---· " · -:-~ ·:::--:- . ..:. ~---.· .. : .. . . . - ~ -~ ... :.=:. 
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TABLE 4-1 

ESCALATION RATE SCHEDULES 

YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 6 THRU 30 

GE-NERAL 
I~"FLA 'i'l;ON 6.0 5.0 5. 0 . 5.0 s.o 5.0 

CONSTRUCTION 
LABOR 8.0 8.0 8.0 6.0 6.0 6.0 

CONST~UCTION 

MP.TERIALS 7.0 6.0 6.0 6.0 6.0 6.0 

CONSTRUCTION 
COMPO;SITE 7.3 6 •. 7 6!7 6.0 6.0 6.0 

OPERA·riONS 
LABOR 8.0 7.0 7.0 7.0 7.0 6·. 0 

OPERATIONS 
COMPOSITE 7.4 6.4 6.4 6.4 6.4 6.0 

FUEL 
(PRIMARY) 6.0 6.0 6.0 6.0 6.0 6.0 

No. 6 
FUEL OIL 6.0 6.0 6.0 6.0 6.0 6.0 

Escalation rates a.re expressed in percentage points. 
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TABLE. 4-2 

NUCLEAR FUEL CYCLES 

CASH FLOW- $1,000's 

FUEL CYCLE NUMBER 

YEAR !R 4R 5R · 5N 

1 thru 5 0 0 0 0 
6 $14,511 $14,826 $16,169 $16,169 
7 2,631 2,691 5,500 5,500 
8 2,404 2 ,·4 60 4,682 5,867 
9 2,422 2,462 4,583 5,863 

10 2,384 2,422 4,494 5,860 
11 2,362 2,402 4 ·, 4 7 2 5,858 
12 2,308 2,349 4,472 5,858 
13 2,611 2,659 4,472 5,858 
14 2,223 2,259 4,472 5,858 
15 2,284 2,315 4,472 5,858 
16 2,284 2,315 4,472 5,858 
17 2,284 2,315 4,472 5,858 
18 2,284 2,315 4,472 5,858 
19 2,284 2,315 4,472 5,858 
20 2,613 2,651 4,472 5,858 
21 2,223 2,259 4,472 5,858 
22 2,284 2,315 4,472 5,858 
23 2,284 2,315 . 4,472 5,858 
24 2,284 2,315 4,472 5, 858 
25 2,284 2,315 4,472 5,858 
26 2,284 2,315 4,472 5,858 
27 2·, 613 2,651 4,472 5,858 
28 2,223 2,259 4,472 5,858 
29 2,284 2,315 4,472 5,858 
30 2,284 2 ,.315 4,472 5,858 

R::::: Reprocessing 
N = Non-reprocessing 

BASE DATE - January 1, 1978 
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-
TABLE 4-J 

365 MWt PE-CNSG STUDIES 

SCOPE OF RESPONSIBILITY FOR PRICING 

LA1D AND LAND RIGHTS 

STRUC'i']RES A11D HU'ROVEl-fENTS 

YARD HORK 

CONTAINHENT STRUCTURE 
SUBSTRUCTURE 
SUPERSTRUCTURE 
CONCRETE SHIELDING 
STEEL CONTAINHENT AND COHPONENTS 
BUILDING SERVICES 

REACTOR COHPARnfENT VENTILATION SYSTEH 
CONTAINHENT DRY \~ELL COOLING SYSTEH 
POST LOCA COHBUSTIBLE GAS CONTROL SYSTEH 
LIGHriNG AND SERVICE HIRING 

REACTOR SERVICE BUfLDING 

CONTROL.BUILDIMG 

DIESEL. GENERATOR A~D FUEL OIL BUILDING 

J..I?HINISTRATION BUILDING 

PROCESS BUILDING 

PROCESS HEAT SERVICE BUILDING. 

WATER TREAT~lliNT BUILDING 

SERVICE. WATER INTAKE 

~ACTOR PLANT EQUIPHENT 

~ACTOR EQUIPH3NT 
EQUIPNENT :oHPONENTS 

REACTOR VESSEL SHELL, HEAD, INTERNALS 
STEAH GENERATORS 

-, 

PRHIARY PmlPS (incl. HEAT EXCHANGER, SERVICE AND 
HAINTENANCE TOOLS) 

INSULATION (REACTOR VESSE) 
REACTOR CO~TJ~OL EQlllPHENT 

CONTR..)L HODS AND CONTROL ROD DRIVES 
HANDLING EQUIPHENT {BEAU STORACE STAND AND INTERNALS 

llANULlNG EQUIPHENT) 
FIELIJ INSTALLATION OF ALL REAt:fOR EQUIP~IENT 
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X 

X 
X 
X 
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X 
X 
X 
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.x 

X 

X 

X 
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X 

X 
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X 
X 

X 

X 

X 
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REACTOR COOLANT SYSTEH 
EQUIPt·!ErlT Cm!l'OtlENTS 

PRESSURIZER M:D HEATERS 
PRE:.;SUIUZER SURGE AND SPRAY LINE 
PRESSURIZER RELIEF LINE 
PRESSURIZER RELIEF VALVES 

INSULATION (PRESSURIZER, AND SURGE, SPARY AND.RELIEF 
LINES) 

FIELD INSTALLATION OF ALL REACTOR COOLANT SYSTEM 

SAFEGUARDS COOLING SYSTEHS 
DECAY IIE:'.T REHOVAL SYSTEH 

DECAY HEAT REHOVAL Pffifi>S 
DECAY HEAT RE!-!OVAL HEAT EXCHANGER 
PIPING AND VALVES 
INSULATION 
FIELD INSTALLATION OF DECAY HEAT REHOVAL SY3TEH 

EMERGENCY DECAY HEAT RENOVAL SYSTEM 
EMERGENCY DECAY HEAT REHOVAL PilliPS 
PIPING A..~D VALVES 
INSuLATION 
FIELD INSTALLATION OF EHERGENCY DECAY HEAT. 

REHOVAL SYSTEH 

,. RADIOACTIVE \~ASTE TREAnfENT AND DISPOSAL SYSTEHS 
LIQUID \~ASTE DISPOSAL SYSTEM 

ALL EQUIPH.ENT 
PIPING AND VALVES 
INSULATION 

X 

X 

X 
X 
X 

X 
X 
X 

X 
.x 
X 

FIELD INSTALLATION OF LIQUID WASTE DISPOSAl SYSTEH X 

GASEOUS HASTE DISPOSAL SYSTEH 
ALL EQUIP~~NT ·X 
PIPING AND VALVES X 
INSULATION X 
FIELD INSTALLATION OF GASEOUS \-IASTE DISPOS/~ X 

SYSTEM 

SOLID l-IASTE DISPOSAL SYSTEH 
ALL EQUIPHENT X 
PIPING AND.VALVES X 
INSULATION X 
FIELD INSTALLATION OF SOLID \vASTE DISPOSAL SYSTEH X 

NUCLEAR FUEL HANDLING AND STORAGE SYSTEHS 
ALL EQUIPHENT 
PIPING AND VALVES 
INSULATION 

X 
X 
X 

FIELD INSTALLATION OF NUCLEAR FUEL HANDLING AND X 
STORAGE SYSTEHS 

X 
X 
X 
X 

X 
X 

X 
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NITROGEN NW HYOROCEN CAS SYSTE~I 
ALL EQUIPMENT X 
PIPING X 
FIELD INSTALLATION OF NITROGEN AND GAS SYSTEH X 

COOLANT PURIFICATION AND C!IEHICAL TREATMENT SYSTEMS 
Hi\KEUP AND PUIU FICATlON SYSTEM 

JW~EUP TANK 
MAKEUP PUHPS AND HOTORS 
PURIFICATION DErtlNERALIZERS 
BORATED WATER STORAGE TANK 
FILTERS 
LETDOHN COOLERS 
PIPING fu~D VALVES 
INSULATION 
FIELD INSTALLATION 0F W\lZEUP &'lD 

PURIFICATION SYSTEH 

CHEHICAL ADDITION AND BORON RECOVERY SYSTEH 

X 

X 
X 
X 

X 
X 
X 

X 
X 

R-C BLEED HOLD-UP TANKS X 
R-C BLEED EVAPORATOR PISTILLATE TEST T<\NKS X 
CONCENTRATED BORIC ACID STORAGE TAN'KS X 
BORIC ACID HIX TANK X 
BORIC ACID ADDITION TANK X 
CAUSTIC HIX TANK X 
LITHIUH HYDROXIDE HIX TANK X 
R-C BLEED EVAPORATOR FEED PUNPS X 

. R-C DISTILLATE TP-&'lSFER PU!-IPS X 
R-C BLEED EVAPORATOR DISTIJ;.LATE TEST TANK PU~!PS X 
CAUSTIC PU~1P 

CHE~1ICAL ADDITION Pill_iP X 
DEBORATION DEHINERALIZERS X 
DISTILLATE DEMINE~\LIZERS X 
R-C BLEED EVAPORATOR DEHINERALlZERS X 
R-C DEGASIFIER PACKAGE X 
R-C BLEED EVAPORATOR PACKAGE X 
BORIC ACID BIN AND SCRE\~ CONVEYOR X 
BORIC ACID FILTERS 
HAKEUP AND PURIFICATION DENINERALIZERS 
PIPING &'lD VALVES 
INSID.ATION 
FIELD INSTALLATION OF CHENICAL ADDITICN AND 

BORON RECOVERY SYSTEN 

COHPONENT. COOLING SYSTEN 
CO!-U)ONENT COOLING \MTER SURGE TANK 
CONPONENT COOLING \vATER PUNl'S ANn ~!OTORS 
CmU'ONENT COOLING HATER BOOSTER Pllm'S AND ~!OTORS 

CONl.'ONENT COOLING HATER ELECTI\mlt\C~NETI C FILTER 
CmD.>ONENT COOLING \~ATER HEAT EXCHANGERS 
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PIPING AND VALVES X 
INSULATION X 
FIELD INSTALLATION Of COHPONENT COOLING WATER X 

SYSTEH 

MISCELLANEOUS PLANT EQUIPMENT 
DENINERALIZED !-lATER STORJ\GE TANK X 
EQUIP~IENT AND FLOOR DRAINS COLLECTION TANK X 
DEHINERALIZER FLUSH TANK X 
CASK Dl~CONTMIINATION DRAIN COLLECTION TANK X 
DENINERALlZER FLUSrl TA.'iK PUHPS X 
CASK DECON'TAHINATION DRAIN PUHP AND HOTOR X 
CASK DECONTAHINATION DRAIN COLLECTION FILTER X 
SAHPLE COOLERS X 
PIPING AND VALVES X 
INSULATION ·X 
FIELD INSTALLATION OF MISC. PLANT EQUIPHENT X 

1-t!SCELLANEOUS SUSPENSE ITENS 
FINAL ALIGNNENT AND CHECKING, FIELD PAINTING, X 
QUALIFICATION OF WELDERS, STANDBY LlillOR DURING 
STARTUP , 

ULTI}~TE HEAT SINK 
EQUIPNENT, PIPING, VALVES, INSULATION AND 
FIELD INSTALLATION 
MAKEUP. \-lATER PIPING AND VALVES AND FIELD 
INSTALLATION 

SERVICE t.JATER SYSTEM 
EQUIP~ffiNT, PIPING, VALVE?, INSULATION l~D 
FIELD INSTALLATION 
HAKEUP t-lATER PIPING AND VALVES tu'W FIELD 
INSTALLATION 

INSTR~ffiNTATION AND CONTROLS 
NSS INSTRU~ffiNTS AND CONTROLS 
INSTRUNENT PIPING AND TUBING 
FIELD INSTALLATION OF INSTR~ffiNTATION AND 

·CONTROLS 

X 

X 

X 
X 

PROCESS ENERGY EQUIPNENT 

SECONDARY SYSTEH 
REB OILERS 
FEED HEATERS 
PURIFICATION ION EXCHANGER 
COOLERS 
S~:CONDAR'l FEED PUHPS 
ELECTRO HAGNETIC FILTERS 
Dl~IN TAJ.'H( 
HOISTUllli SEPARATORS 

X 

X 

X 
X 
X 
X 

X 
X 
X 

X 

X 
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CIIEH1 CAL ADDITIOH EQUIP!·mN'r 
PIPING AND VALVES 
INSULATION 
INSTRUHENTATION 
FIELD INSTALLATION OF SECONDARY SYSTEM 

TERTIARY SYSTE·M 
FEED AND PROCESS RETURN PUHPS 
DENERATOR 
SUPEllHEATER (Incl. FUEL SUPPLY SYSTEM) 
PIPING AND VALVES INSIDE PROCESS BLDG. 

- FROM PROCESS BLDG TO USER Is 
PLA.l''lT 

INSULATION- INSIDE PROCESS BLDG. 
- I:RbM PROCESS BLDG. TO USER'S PLANT 

FIELD INSTALLATION - INSIDE PROCESS BLDG. 
- FROH PROCESS BLDG. TO USER'S . 

INSTRUHENTATION 

TURBINE - GENERATOR SYSTEH 
EQUIPNENT . , 
PIPING AND VALVES 
INSULATION 
INSTRUH~NTATION 

PLANT 

FIELD INSTALLATION OF TURGINE - GENERATOR SYSTE!1 

ELECTRIC PLANT EQUIPHENT 
StHTCH GEAR 

STATION SERVICE EQUIPHENT (Incl. T-G's and D-G's) 

SWITCHBOARDS 

PROTECTIVE EQUIP~illNT. 

ELECTRICAL STRUCTURES AND t.JllUNG CONTAINERS 

POtolER AND CONTROL. HIRING 

mSCEI~LANEOUS PLiu\fT EQUIPMENT 
. TRANSPORT<\TION AND LIFTING EQUIPMENT 

AIR, t~ATER ANn STEM1 SERVICE SYSTENS 
COMNUN I CATIONS EQUIPNENT 
FURNISHINGS ANID FIXTURES 

4-61. 

UE&C 

X 
X 
X 
X 

X 

X 

X 

.X 

X 

X 
X 
X 
X 
X 

X 

X 

X 

X 

X 

X 

X 
X 
X. 
X 

B&W PSE 

X 

X 
X 

X 

X 

X 



" ... 

UNDISTIU IWTED COS:I' 
ENGJ.HEERING A~ID ll0l1E OFFICE SERVICES 

NUCLEAR PLANT 
BALANCE-OF-PLANT 

FIELD SUPERVISION, QUALITY CONTROL N~D JOB OFFICE 
EXPENSE 

T·E':'·il'ORARY FACILITIES 
CONSTRUCTION EQUIP~·!ENT 

CONSTRUCTION SERVICES 

OTHER PLANT COST 
LICENSING AND PUBLIC RELATIONS EXPENSE, 

OPERATOR TRADHNG AND SPARE PARTS 

• 

UE&C B&W PSE 

X 
x· 

X 
X 
X 

X 

X 

Power Systems Engineering, 
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PROCESS STEI\ll r FLOW - LB/HR 
DESIGN CO~DITIONS PRESSURE - PSIG 

TEMPERATURE - •p 

DESI~ POWER GENERATION HW (GROSSI· 

LIINO 

STRUCTURES AND IMPROVEMENTS 

REACTOR PLA.'iT 

TURBINE PLANT 

SECOSDARY/TERTIARY/SUIPERHEATER 
SYSTEMS 

EU:CTRICL PLANT 

HI SCEI.LANEOUS PLANT EQUIPMENT 

OTHER COSTS 

~DISTRIBUTED COSTS 

SUBTOTAL 

CONTINGENCY 

TOTAL ESTIMATE 

• SATURATED STEAM 

1 

810,000 
550 
750 

0 

SUPER-
HEIITER • 

CNSG PROCESS suil-
I !ITER- TOTALS 
FACING 

96 --- 96 

23,921 684 24,605 

58,682 --- 58,682 

---- --- ---
3,027 4,178 7,805 

7,466 ' --- .• 7,466 

2,978 --- 2,978 

2,.200 --- ~ .• zoo 

~ 1,111 17,201 

114,460 6,573 ~2l,Cfll 

6,327 667 . ...!.llL 

128.027 

PE-oiSO CAIPITIIL COST ESTIMATES 

(~1,000'a - BASE JAMUAR~ 1, 1978) 

CAS B 

z l 

1,000,000 810,000 . 550 550. 
750 474° 

0 0 

E S T I H A T £ S 

.SUPER- SUPER-
HEATER •. HEATER • 

CNSG PROCESS SUB- CNSG PROCESS SUB-
INTER- 'IOTALS INTER- TOTALS 
FACING FACING 

96 ---- 96 96 ---- 96 

23,972 684 '24,656 23,921 634 24,555 

58,682 --- 58,682 58,682 --- 58,682 

--- --- --- --- --- ---
3,641 5,101 8,742 3,027 3,091 6,118' 

7,466 --- 7,466 7,466 --- 7,466 

2,978 --- 2 ,978. .2,978 --- .2,978 

.2,200· --- z,zoo 2,200' --- ;1,200 

!6,090 !.:.!.!!. 171266 16,090 ___!!!. 16' 854 

115,125 6,961 1.22,086 114,460 4,489 118,949 

6,414 705 7,119 6,327 458 6,785 

p9,205 125,734 

. 4 s 

1,288,000 1,000,000 
550 550 
474° 750 

0 34 

SUPER SUPER 
IIEATER • HEATER l 

CNSG PROCESS SUB- CNSG PROCESS SUB-
INTER- TOTALS· INTER- TOTALS· 
FACIIIG fACI:lG 

96 ---- 96 96 ---- 9f 

24,022 634 24,636 '24,264 86) 25,127 

58,682 --- 58,682 58,682 --- 58,682 

--- --- --- 6,346 --- 6,)46 

4,244 3,091 7,335 3,975 5,101 9,076 

7,466 --- 7,466 8,881 1,093 9,974 

2,978 --- ·2.,978 3,122 --- 3,122 

2,200 --- .2,200. z ,soil --- z,son 

~ __!!! !!...ill 11,250 ...hill !!....ill 
115,758 4,489 1.20,247 125,116 8,487 lll,60) 

6,484 458 .!...ill. 7,426 858 .l!...ll..~ 

1271 189 I~ 



'l'AIILB 4-S 

COAL l'LAH'l' CAI'I'l'AL COST ES'llllll'r!:S 

($1,000's - BAS! JANUARY 1, 19781 

CAS II 

1 .a l 4 s 6 7 I 

J'ROCESS STEAM FLOW - LB/UR 1,000,000 1,000,000 1,ooo,ooo 1,ooo,ooo 1,000,000 1,000,000 1,000,000 1,000,000 
DESIGN CO~DITIONS l'RESSURE - l'SIG 550 550 550 550 550 550 550 550 

TEHl'I!AA'l'URE - ., 750 750 7SO 750 750 750 750 750 

DESIGN POWER·G&NERATION Mil (GROSSI 0 0 30,4 30,4 .as 25 u.s 51.5 
TYPE OF COAL HIGH SULFUR J.Oif SULFUR HIGH SULFUR 1.011 SULFUR HIGH SULFUR 1.011 SULFUR HIGH SULFUR 1.011 SULFUR 

I! S T I HAT E S 

LAND s 400 ' 400 ' 400 s 400 ' 400 $ 400 ' 400 $ 400 

SITEWORA 1,125 hlZ5 1,~25 1,125 1,125 1,12~ 1,125 1,125 

BUILDINGS AND STRUCTURES 183 183 183 183 183 183 183 183 

COAL YARD a. 747 a. 747. 8,147 8,747 8,747 8,147 8,747 8,747 

STEAM GENERATOR 15,650 15,560 15,65~ 15,560 17,500 16,450 17,500 16,450 

TURBINE-GENERATOR ---- ---- 4,410 4,410 3,431 3,359 6,310 6,310 

PROCESS MECHANICAL EQUIPMENT 
' 

~.584 5,057 5,534 6,000 4, 731 5,Zll 5,664 6,074 

ELI:CT Rl Co\L 3,088 3,115 4,460 4,457 4,2lii 4,2)) 4,866 4,66) 

CIVIL-STRUCTURAL 132 588 9Zl 777 863 689 961 816 

PROCESS PIPING AND INSTRUMENTA'llOII 3,998 3,998 4,387 4,387 4,549 4,549 4,834 4,834 

FLUE GAS DESULFURIZATION FACILITIES 7,655; ---- 7,655 ---- 8,220 ---- 8,225 -----
UNDISTRIBUTED COSTS 6,120 ...l..lli. .1.ill! ...!....ill 2...!!! ...!.till ...l....!ll ...!t.ill 

SUBTOTAL f 52,282 ' 42,626 • 60,837 • 52,491 $ 61,403 • 51,305 0 66,174 • 57,266 

CONTINGEIICY ~ _hill. 6,084 . ..L..ll!. ...!....!!2. ..hill _!..ill. ..hill 
TOTAL ESTIHA'l'B ' 

57,510 0 ll.:.!l2. • 66,92". ' ~ ' 61,543 
== • ~)5 ' 72.791 • 62,99) 

-=== 

• 
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TABLE 4-6 

CRITERIA FOR FUEL CYCLE COSTS 

BASIC COSTS 
1/1/7 8 DOLLARS 

U303 ($/1b) 

CONVERSION COST. 
($/Kg) 

ENRICHMENT COST 
( $/SWU) 

TAILS CONCENTRATION 
{% ·u-235) 

FUEL RECOVERY COST 
($/Kg) 

FISSILE PLUTONIUH VALUE 
($/g) 

DISPOSAL 
($/Kg) 

(Source·- ORNL) 

WITH 
REPROCESSING 

43 

3.80 

100 

0.25 

196 

. 33 

4-65 

WITHOUT 
REPROCESSING 

43 

3.80 

100 

0.25 

1.00 

Power S!'Stems Engineering, 1.J 



TABLE 4-7 

COAL PRICE ESTIMATES 

Wyoming Low-Sulfur Coal - 8,250 Btu/Lb 

Illinois High-Sulfur Coal - 10,900 3tu/Lb 

·cosT .$/MBI:u 

Rail Transportation 

Coal Cost at mine 

Delivered Price 

WYOMING IL~INOIS 

$ • 88 

$ • 47 

$1.35 

$ .-40 

$-.80 

$1.20 

NOTE: These prices include all costs for delive'"ted coal. 
It is assumed that the purchased does not own the 
unit train. 

I 
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PE-CNSG TOTAL ANNUAL EXPENSE 
ESTIMATES (LESS NUCLEAR FUEL*) 

($1,0QO's - BASE JANUARY 1, 1978) 

PLANT AVAILABILITY 0.80 

-----·-.. ·-·· .... _, 

1 2 

PROCESS STEAM rWN - 10
3 

U/l<R 810/723 1,000/723 
DESIGN/OPERATING PRESSURE - PSIG 550 550 
CONDITIONS TEMPERATURE - "F 750 750 

DESIGN POWER GENERATION MW (GROSS) 
FUEL CYCLE NUMBER* 

l 
I 

STAFF 

MAINTENANCE MATERIAL 

·SUPPLIES AND EXPENSES 

GENERAL/ADMINISTRATIVE 

NUCLEAR LIABILITY INSURANCE 

NUCLEAR INSPECTION FEE 

SO& TOTAL ' 

POWER EXPENSE (CREDIT) 

NO. 6 FUEL OIL FOR SUPERHEATINGT 

TOTAL ESCALATING EXPENSE 
(LESS NUCLEAR FUEL) 

TAXES AND INSURANCE (FIXED) 

TOTAL ANNUAL EXPENSE 
(LESS NUCLEAR FUEL) 

* See Table 4-2 for nuclear fuel cycle costs. 
** Saturated Steam 

t No. 6 Fuel Oil Cost - $2.6Q/MBtu 

0 0 
lR 4R 

$ 2,100 $ 2,100 

850 8SO 

325 325 

270 270 

340 340 

__ll ~ 

3,907 3,907 

1,245 1,245 

2,707 2,742 

7,859 '7,894 

1,792 1,809 

9,651 9,703 
= 

CAS E 

3 4 5 

810/733 1,288/723 l,OUU/723 
550 550 550 
479** 479** 750 

0 0 34 
1R 5R 5R 

.• 

B . S T I MATE s 
.. 

$ 1,935 $ 1,935 $ 2,150 

850 850 850 

325 325 325 

270 270 270 

340 340 340 

__ll 22 22 

3,742 3,742 3,9.57 

1,245 1,245 (5,419) 

--- --- ~ -- --
4;987 = 4,987 ~ 

1,760 1,781 ~ --
61747 6,768 3,266 



TABLE 4- 9 

NUCLEAR PLANT OPERAT;ONS MANPOWER* 

PLANT MANAGEMENT.: 

PLANT MANAGER 
ASSISTENT PLANT MANAGER 
TECHNICAL ASSISTANTS 

ADMINISTRATION: 

OFFICE SUPERINTENDENT 
CLERKS 
STOCKMEN 
ADDITIONAL SECURITY GUARDS 

·OPERATIONS: 

SUPERINTENDENT 
SHIFT SUPERVISORS 
OPERATING SUPERVISORS 
CONTROL OPERATORS 
AUXILIARY OPERATORS 

SUB-TOTAL 

SUB-TOTAL 

QUALITY ASSURANCE REPRESENTATIVE 

MAINTENANCE: 

SUPERINTENDENT 
FORMEN 
MECHANICS 
REPAIRMEN 
REPAIRMEN HELPERS 
UTILITY MEN 

SUB-TOTAL 

SUB-TOTAL 

4-68 

NUMBER 

1 
1 
2 

4 

1 
2 
2 

16 

21 

1 
5 
5 
5 
5 
1· 

22 

1 
2 
3 
3 
3 
2 

14 

Poaer Systems Engineering, 

• 
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TABLE 4- 9 Cont' d. 

INSTRUMENTATION & CONTROLS: 

INSTRUMENT AND CONTROLS ENGINEER 
TECHNICIANS 
REPAIRMEN 

REACTOR ENGINEERING: 

REACTOR ENGINEER 
TECHNICAL ASSISTANT 

CHEHISTRY AND HEALTH PHYSICS: 

RADIOCHEMICAL ENGINEER 
TECHNICAL ASSISTANT 
TECHNICIANS 
RADIATION CONTROL HELPER 
HEALTH PHYSICIST 

SUB-TOTAL 

SUB-TOTAL 

SUB··TOTAL 

ToTAI, MANPOWER 
REQUIREMENT 

* Hanpower for steam generation only. For nuclear 
cases 1, 2 and s·add 4 men for superheater operations. 
For Case 5 add an adqitional 4 men for turbine
generator operations • 

4-69 

NUMBER 

1 
2 
1 

4 

1 
1 .. 

2 

1 
2 
2 
2 • 

.:J.. 

8 

75 

Power S!'Slems Engi~ng, 



NUCLEAR PLANTS (9) 

case 1 Years 5-7 
Years 8-30 

Case 2 Years 5-7 
Years 8-30 

Case 3 Years 5-7 
.Years 8-30 

Case 4 Years 5-7 
Ye_ars 8-30 

Case 4 Years 5-7 
Years 8-30 

Case 5 Years 5-7 
Years 8-30 

COAL PL..l\.NTS (years 

Case 1 

Case 2 

case 3 

Case 4 

Case 5 

case 6 

Case 7 

CarJe 8 

NOTES: 

TABLE 4-10 

BACKUP OPERATING EXPENSES - $1000's 

No. 6 FUEL OIL POWER 
(5) (7) (6) 

(1) $ 21,373 $ 0 
8, 0.59 ( 8) 0 

(1) 21,373 0 
'7,387(8) 0 

(1) 21,373 0 
5,352 0 

(2) (3) 18,286 0 
3,657 0 

(2) (4) 32,576 0 
6,515 0 

(1) 21,373 0 
7,387(8) 743 

5-30) (10) 

$ 1,860 $ 0 

1,860 0 

1,860 602 

1,860 602 

1,860 196 

1,860 196 

1,860 1,428 

1,860 1 ;·428 

$ 

TOTAL 

$21,373 
8,059 

21,373 
7,387 

21,373 
5,352 

18,286 
3,657 

32,576 
6,515 

21,373 
7,387 

1,860 

1,860 

2,462 

2,462 

2,056 

2,("56 

3,288 

3,288 

(1) No. 6 Fuel not charged.in years 5, 6, and 7 when coal and nuclear 
plants are assumed to start operation concurrently. 

(2) Only concurrent construction start date case considered. 

(3) Assumed 723~000 lb/hr saturated steam demand. 

(4) Assumed 1,288,000 lb/hr saturated steam demand. 

(5) No. 6 Fuel oil price - $2.60/106Btu. 

(6) Backup power charged @ $3.26/KW/MO. for peak gross electrical 
power generation over lSMW (Except coal cases 5 and 6, where 
backup is calculated based on 0.8 X peak). 

(7) Backup·fuel is sufficient to make up the difference between annual 
Btu produ~ed and annual Btu required by Du Pont. 

(8·) Includes No. 6 fuel for superheating. 

(9) Availability 0.80 

(10) Availability 0.92 

Base Date - January 1, 1978 ~Systems Engineering, 

• 



PROCESS STEAM [PLOW - 103 LB/HR 
DES I"c:;~I/OPERATING PRESSURE - PSIG 
CO:IDITIONS · TE.IPERATURE - • F 

DE:Sic;,t POWER GENERATION 
COAL TYPE • 

STAFF 

HAINTEN~~CE MATERIAL 

LIH£STONE 

ASH/SLUDGE DISPOSAL 

MISCELLANEOUS SUPPLIES 

SUBTOTAL 

POWER EXPENSE (CREDIT) 

COAL EXPENSE 

- I1W (GROSS) 

>OTAL ESCALATING l!liPE!ISB 

TAKES AND INSURANCE (FIXED) 

TOTAL ANNUAL EXPENSB 

l 

1,000/123 
550 
750 

0 
HIGH SULFUR 

$ 1,780 

600 

235 

347 

..:.ill. 
3,117 

1,804 

9,0H 

13,992 

805 

TABLB 4•11 

· COlli." PLI\Ift' '1'0'1'.1\L "Mil'U.I\L I!Xl'I!NSI! 

($1,000'8 - BASE JANUAR~ 1, 1978) 

1'1..1\N·r AVAllJWlU.TI - U.'SI:l 

2 3 4 

1,000/7U 1,000/721 1,000/723 
550 550 550 
750 750 750 

0 30i4 30,4 

C A 8 .II 

5 

1,000/723 
550 
750. 

25 
LOW SULFUR HIGif ~ULFUR LOW SULFUR HIGH SULFUR · 

l,:i48 

502 

248 

___!.!! 

2,417 

1,603 

10·, ]42 

. 14,422 

-~ 

~ 

$ 1,909 

700 

)26 

479 

--.ill. 
3,137 

(4,C19) 

12,~55 

12,113 

_.ill. 

~ 

E S T I H A T ·E S 

$ 1,676 

640 

]43 

__l.!l 

2,90.4 

(4, )66) 

14,305 

~ 
_m 
13,651. 

1,909 

720 

252 

311 

.....1!!. 
3,501 

(2 ,147) 

9,649 

11,003 

_2.!! 

~ 

• High Sulfur Coal Cost - $1.20/MBtUJ Lev Sulfur Coal Coat - $1.35/HBtu 

6 

l,000/723 
550 
750 

25 
LOW SULFUR 

1,676 

620 

265 

___ill. 

2,750 

(2,3621 

11,083 

.!..!..:!?..!. 
_.ill. 

!!:.ill 

1 

1,000/lll 
550 
750 

51.5 
HIGH SULFUR 

• .1,909 

820 

347 

514 

___ill. 

3,904 

(8,611) 

13,346 

...!..:.ill 

....w.!.!. 

...!..1!1! 

8 

1,000/723 
550 
750 

51.5 
LOW SULFUR 

.;; 1,616 

711 

361 

___1!! 

3,015 

",137) 

!1..1.!! 

...!..:l2.! 
__.!!! 

.!.2.:.212. 



TABLE 4-12 

COAL PLANT OPERATIONS HANPm•1ER* 

MANAGEMENT STAFF: 

PLANT MANAGER 
HECHANICAL ENGINEER 
ELECTRICAL/INSTRUMENTATION ENGINEER 
PURCHASING AGENT] 
WAREHOUSEMAN 
PAYROLL CLERK } 
RECEPTIONIST/SECRETARY 

~~IN CONTROL ROOM: 

1 
1 
1 
1 

1 

SUB-TOTAL 5 

SUPERVISOR 1 
OPERATORS: 

BOILER 10 
TURBINE-GENERATOR 5 
INSTRUMENTATION 5 

SUB-TOTAL 21 

ROVING: 

WATER TREATMENT 5 
.PRECIPITATOR/DUST COLLECTION 5 
ASH HANDLING 5 

SUB-TOTAL 15 

COAL HANDLING: 

SUPERVISOR 1 
COAL RECEIVING AND STACKING 4 
COAL RECLAIHING AND DELIVERY 2 
ASH PONDS 2 

SUB-TOTAL 9 

4-72 



• 

TABLE 4-12 Cont'd. 

FLUE GAS DESULFURIZATION: 

SUPERVISOR 
LIHESTONE HANDLING 
CONTROL ROOM 
SLUDGE DISPOSAL 

MAINTENANCE: 

SUPERVISOR 
PREVENTATIVE 
STANDBY 

SUB-TOTAL 

SUB-TOTAL 

TOTAL MANPOWER · 

*INCLUDES MANPOHER FOR TURBINE GENERATOR AND FLUE GAS 
DESULFURIZATION FACILITIES • 

4-73 

Number 

1 
1 
5 
2 

9 

1 
4 

10 

15 

74 
~ 

Rev. 11/21/7 
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/ 
' COAL NUCLEAR BASE CASES: Coal Case 7 (High Sulfur Coal @ " . $1.20/MMBtu 

Process Steam Flow - LB/HR 723,000 723,000 
Net Power Gen. - MW 36.1 26.1 Nuclear Case 5 (Reprocessing Fuel 
Plant Factor .92 .80 Cycle) 

SENSITIVITIES 
% CHANGE IN NPV7% CHANGE IN PARAMETER 

10% DISCOUNT RATE 15% DISCOUNT RATE 20% DISCOUNT RATE 

PARAMETER COAL NUCLEAR COAL NUCLEAR COAL NUCLEAR 

CAPITAL INVESTMENT -0.4 ~o.5 -0.5 -0.5 -0.6 -0.6 

PRIMARY FUEL COST -0.7 -0.2 -0.6 -0.2 -0.4 -0.1 

PRIMARY FUEL ESCALATION* -11.1 -2.4 -7.4 -1.6 -5.0 -1.2 

NO. 6 FUEL OIL COST < -0.1 -0.4 < -0.1 -0.3 <-o.1 -0.3 

I NO. 6 FUEL OIL ESCALATION* -2.7 -5.4 -1.8 -3.7 -1.2 -2.7 -..! 
.Po (Less 

OPERATING COST Primary. Fuel) -0.2 -0.1 -0.2 -0.1 -0.1 -0.1 

POWER CREDIT +0.5 +0.2 +0.4 +0.1 +0.3 +0.1 

AVAILABILITY * +0.9 +0.8 +0.7 +0.5 +0.6 +0. 4 

*PER. PERCENTAGE POINT 

I ' 

Ill Example: A 1%. Tn·c·re·ase in nuclear (primary) fuel cost results in a 0.2% Decrease 

1 in net present value at 15% discount rate. 

·IJil 

li ·- TABLE 4-13 COMPARISON OF NET PRESENT VALUE SENSITIVITY l TO ECONOMIC PARAMETER VARIATIONS 

' ... 
~ 

.• 

-

• • 



5.0 CONCLUSIONS 

5.1 Site Feasibility 

This section treats the results of the preliminary evaluation of the 
suitability of the Du Pont site for siting a nuclear power plant 
such as the PE-CNSG. The objective of this evaluation was to iden
tify gross site inadequacies, such as possible active faults, which 
could place very serious limitations on locating the PE-CNSG at the 
site and could lead to complex licensing problems and the associated 
substantially ~igher costs that could accrue. 

Although proper investigation of such potential inadequacies would 
require extensive field studies, it was felt that the stated objective 
could be met by a site visit and by examination of Du Pont's available 
geologic data. This has been accomplished, but the costs associated 
with site suitability studies and site preparation or remedial work, 
that might be revealed later by actual field investigations, have 
not been factored into tl:.e economic assessment. 

As pointed out before, the objective of the site evaluation was to 
identify major geological inadequacies if any. Brief consideration 
was also given to some other site-related factors. The findings 
listed below are preliminary and are subject to future verif~cation. 

· . (1) No gross site charaGteristics were identified which would 
pr.ec.lude locatin.g a nuclear plant .. at .the D.u Pont sit:e. 

/ 

. . 

(2) From a licensing standpoint, surface faulting and subsidence 
are ma.jor geological considerations which will have to be 
addressed.· Liquifaction, however, should not be of concern 
because of the high density of the existing sands. 

(3) As of now, there are no borings drilled at the proposed 
PE-CNSG location. However, considering tlie characteristics· 
of the upper soils, only light or less important structures 
should. be placed on these soils. 

( 4) According to avai~able information, the overpressure that 
would result at the proposed CNSG site if the nearest 
storage container exploded would be approximately 0.01 psi. 
This i.s small, and the 24. inch diameter natural gas trans
mission pipeline running just south of the proposed CNSG 
site seems to be of more significance in estimating explo
sion overpressure. While an analysis is beyond the scope 
of the study, it is believed that the gas pipeline will 
not be a limiting factor in locating the CNSG plant at the 
Du Pont site. 

5-1 Power S!'Stem5 Engineering, I~ 



5.1 Site Feasibility - (Continued) 

The physical requirements for nuclear plant siting are more restric
tive than those for a conventional coal plant. Thus, the lack of 
apparent site difficulties affecting nuclear siting appears to ensure 
that there would be no problems in locating a coal plant physically 
on the site. 

The licensing of a nuclear plant is based on safety considerations 
and analyses which demonstrate the even und~r conditions associated 
with the "design basis" loss-of-coolant accident and with a number 
of conservative assumptions, the reactor core will be adequately 
cooled and no fuel melting or fission product released will occur. 
Federal regulations (10 CFR Part 100), however, state that as an aid 
in evaluating a proposed site an applicant should assume·a fission 
product release from the core together with containment leakage for 
the purpose of determining that the radiation dose to human indi
viduals around the site is below certain values. The Nuclear Re
gulatory Commission requires further conservative ("worst case") 
assumptions for siting analysis, including lower radiation limits 
to humans plus conservative assumptions with respect to atmospheric 
dispersion and human inhalation. These conservative assumptions are 
designed to ensure that the reactor site will be such that radiation 
exposure to the population will be minimized in the event of an 
accident. 

The results of the siting analysis determine the so-called "Exclusion 
Area" (EA) and the "Low Population Zone" (LPZ) to be associated with 
the nuclear plant site. The EA is the area surrounding the reactor 
in which the reactor licensee has the authority to determine all 
activities within the area, including removal of personnel and pr9-
perty. In selecting a site for a nuclear power plant, it is neces
sary to provide for an exclusion area in which the applicant has the 
authority to control activities within the area. This is typically 
accomplished by providing a fence with guards to monitor and control 
the personnel who enter the area. 

The LPZ is an area that immediately surrounds the exclusion area in 
which the population number and distribution is such that there is a 
reasonable probability that appropriate measures could be taken in 
their behalf in the unlikely event of a reactor accident. A fence 
would not typically be used at the LPZ since this area can contain 
residential dwellings and occupants not under the control of the 
plant owner. 

At a typical large electrical generating nuclear plant, the EA can 
be as large as a circular area with radius of 0.4 mile, and the LPZ 
as large as an area with a radius of 3 miles. Because of the small 
size and inherent safety features of the PE-CNSG, the radius of the 
LPZ was calculated to be 900 feet and the EA was calculated to be so 
small as to be virtually at the reactor building. This implies that 
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5.1 Site Feasibility - (Continued) 

an individual standing near the reactor buiJding following a reactor 
accident would not receive a radiation dose in two hours that exceeds 
regulatory acceptable limits nor would a person standing at the LPZ 
boundary receive a radiation dose that exceeds safe limits even if 
he stands at the location for the entire duration of the activity 
release (usually assumed to be 30 days). 

Due to the very low EA and LPZ distances that result from a PE-CNSG 
reactor accident, it' is recommended for this site that the EA 
boundary be moved out to the 900-foot distance so that the EA and 
LPZ are the same. This implies that a fence would be placed around 
the reactor plant at a 900 foot radius with appropriate security 
guards to control and monitor personnel entering the site. Since 
the process plant then would be outside of the LPZ, even the worst 
assumed reactcr accident conditions should not interfere with con
tinued operation of the plant with auxiliary steam. 

From a radiation standpoint, it is concluded that the pro.posed 
plantsite will be acceptable for licensing based on the limited study 
performed. 

5.2 Economic Feasibility 

The case 5 nuclear plant is the optimun of the five nuclear plants 
studied under .. the .established net .. present value .(NJ?V).. cr.iterion.· 
This con-figuration is designed to ineet Du Pont '·s st-ated proc·ess steam 
requirements and generates a 26.1 MW of electrical power on a 26.1 MW 
levelized annual· basis. 

The case 7 high-sulfur coal-fired plant is the optimum coal plant. 
The case 6 or case 8 low-sulfur coal-fired plants actually have 
slightly higher NPVs but do not include expenses for flue gas scrub
bing, which mo·st probably will be required. There-fore it has been con
cluded that the case 7 plant is more representative of a realistic 
alternative. The case 7 coal .plant also satisfies Du Pont's process 
steam requirements, while generating 36.1 MW of electrical power on 
a levelized annual b~sis. 

Under the assumptions in !orce for the study and for this particular 
application, it is concluded that the coal-fired plant is the economic 
choice for coal prices less than $2.00-$2.20/106Btu for the concurrent 
construction start date plants and less than $2.40-$2.50/106Btu for 
the concurrent operation start date plants. 

The relatively high energy costs predicted for nuclear (compared to 
earlier estimates) arise from several factors. The average industrial 
steam load of 723,000 lb/h~ amounts to only 56% of rated reactor ca
pacity, and while the excess steaming capacity is used to generate 
electricity, power generation does not provide sufficient net revenue 
to yield attra·::tive overall steam production costs. For a PE-CNSG 
producing stea~ only a rise in industrial steam load from 56% to 
100% of reactor capacity would lower steam cost by about 20%. 
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5.2 Economic Feasibility - (Continued) 

DuPont's requirement fo~ superheated steam imposes an additional cost 
penalty on the PE-CNSG since a supplemental oil~fired superheater is 
required to elevate the reactor steam to about 7500F. Thus, oil pro
vides about one-fifth of the energy consumed to produce process steam 
during normal operations. Superheating increases steam costs by about 
10%. 

A PE-CNSG.application for supplying base-load saturated steam to in
dustry, either prime steam or via cogeneration; probably would be 
more attractive. Present results, project saturated steam costs of 
about $2/l06Btu in 1978 dollars for a 1,288,000 lb/hr constant steam 
demand and a 15% discount rate. Oil based superheat would increase 
the steam cost to about $2.20/l06Btu; this is roughly equal to the 
cost of superheated process steam from a case 7 coal-fired plant 
with a 0.85 plant availability factor and burning high-sulfur coal 
costing $1.70/106Btu, or $37/Ton. 

Sensitivity studies showed that the nuclear plant economics are less 
sensitive to fuel prices than the coal-fired plants. 

Since the capital investments required for nuclear and coal plants are 
~idely different, a NPV analysis may not provide sufficient economic 
information to allow a final choice to be made. However, a more 
detailed evaluation that considers company financing explicitly, is 
beyond the scope of the present study. It is expected that considera
tion of debt financing in place of equity financing would improve the 
economic outlook for the capital intensive nuclear option. 

5.3 Technical Feasibility 

All CNSG and coal-fired process steam generation systems studied are 
technically feasible. Both types of systems repre~ent essentially 
state-of-the-art technology. 

For the CNSG plants, the ma.jor technologically related uncertainty 
is the Nuclear Regulatory Commission's (NRC) licensing requirements. 
The CNSG application considered in this study would be a "First-of-a
kind" installation. As such, there is no direct precedent to guide 
the NRC in its licensing procedures. B&W has expended considerable 
effort towards generic-type licensing of the reactor plant itself. 
Since thet_plant is an extension of previous marine applications and 
calls for no technological advances, and since the design appears 
to offer certain safety advantages, there is no reason to doubt its 
licenseability. 
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5.3 Technical Feasibility - (Continued) 

The coal plant poses no apparent problems from a technical licensing 
standpoint. Envi~onmental standards may become more stringent in 
the future. However, as of the date of this study, all·coal plants 
considered \.Yould be acceptable from an environmental standpoint in 
the Victoria, Texas, area if flu~ gases a~e scrubbed • 

• 

5-:-5 Power Systems Engineering, 



6.0 RECOMMENDATIONS 

This feasibility study has demonstrated that both the PE-CNSG and 
coal alternatives are feasible process steam generation systems for 
the Du Pont plant site at Victoria, Texas. The economic analvses 
have shown that, on an all-equity, net present value basis, the optimum 
PE-CNSG configuration is not competitive with the optimum coal plant 
configuration. Any future studies aimed at more fully defining PE-CNSG 
and coal plant economics should consider these aspects: 

(1) Consider cost of capital in cash flow analyses. This is neces
sary due to the wide differences in capital investment re
quired .bet'\il?een the nuclear and coal plants. 

(2) Study the economics of coupling t:-he PE-CNSG to existing in
dustrial plants that have been modified to accept saturated 
steam. This improves the economics of the PE-CNSG plant con
siderably, especially as the steam demands increases towards 
full PE-CNSG capacity. 

(3) Consider alternative fuels for superheating, including waste 
or by-product fuels not currently fired to produce steam. 

Item (1) \<Till certainly be a factor in the final decision to proceed 
with any alternative steam supply system. The wide difference in 
·capital required for a PE-CNSG plant relative to a coal-fired plant 
would have to be economically justifiable. The return on the dif
ferential capital investment for the more expensive alternative 
would have to be determined· in light of a comparison to the alterna
tive investment, with cost of capital included in the analysis. The 
effect of cost of capital becomes increasingly important as the amounts 
of capital investment become more highly unequal. The PE-CNSG offers 
potentially high savings in annual costs, but with its high capital 
investment, a complete economic picture can be obtained only with 
debt service costs included as a part of t·he economic- analyses •. 

The PE-CNSG is a pressurized water reactor (PWR) . A generic character
istic of PWRs is that they generate saturated or only slightly super
heated steam. While superheating the PWR steam presents no real 
technical obstacle, it can have a significant impact on PE-CNSG eco
nomics for applications where superheated steam is required, depending 
on the fuel used. Thus, any further study ought to consider the 
economics of alternative supe·rheater fuels and/or process plant modifi ... 
cations which would allow use of saturated steam. 

til 
l 
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