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FOREWORD 

This report describes the work funded by the Department of Energy (DOE), for-
merly the U. S. Energy Research and Development Administration, and managed 
for them by the Oak Ridge National Laboratory (ORNL). The technical and 
economic studies were performed to examine the possible installation of a 
small, integral pressurized water reactor as an industrial energy source in 
the Duval Corporation's Frasch Process sulfur mining operation located in 
Culberson County, Texas. Since this is the f i rs t industrial application 
study attempted for this type of reactor, i t has been a learning process on 
the nuclear plant side as well as the industrial side, particularly in the 
area of economic analysis. The importance of considering inflationary ef-
fects, the significance of plant financing form, and the annualized, after-
tax cash flow and incremental rate-of-return methods of comparison in deter-
mining energy costs have all been recognized during the course of the study. 
We recognize that the use of reboilers to provide additional contamination 
barriers interfacing in nuclear-industrial complexes, while easing regula-
tory considerations, often imposes an economic penalty. In this study re-
boilers and existing heat exchangers are incorporated into the interface 
loop system. I f future studies are successful in indicating that a multi-
steam-generator nuclear plant (with automatic isolation to ensure negligible 
radioactivity leakage from the secondary loop) is a promising alternative, 
i t may be worthwhile to reoptimize the tertiary loop design to improve nu-
clear plant economics. 
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1. EXECUTIVE SUMMARY 

This study is the f i r s t of three studies of the technical interfaces and eco-
nomic effects of using a small, integral-design pressurized water nuclear re-
actor to provide process steam in actual industry applications. The work dis-
cussed was sponsored by the Department of Energy (formerly the Energy Research 
and Development Administration) through the Oak Ridge National Laboratory (ORNL) 
and was undertaken by The Babcock & Wilcox Company (B&W) and United Engineers 
and Constructors, Inc. (UE&C) with the cooperation of the Duval Corporation (a 
subsidiary of Pennzoil Co.) as an extension and update of previous work con-
ducted to determine the near-term f e a s i b i l i t y of small reactors as replacement 
industr ia l energy sources. The major objective was to determine the technical 
and economic f e a s i b i l i t y of the PE-CNSG as a replacement energy source at the 
Duval Corporation Frasch process sulfur mine. 

In the previous work1 land-based and floating-platform-mounted nuclear plant 
concepts were studied for e lec t r ic power and process steam productions. The 
plant concepts were based on the consolidated nuclear steam generator (CNSG) 
reactor design developed by B&W for Maritime applications. The results of 
the ear l ier study indicated that the most promising nuclear plant concept was 
the land-based process steam plant. However, because the or ig inal study was 
based on the hypothetical Middletown s i te 2 and on assumed industr ia l process 
conditions, actual technical and economic f e a s i b i l i t y was determined only on 
a hypothetical basis. The major considerations in the present study were to 
confirm the extension of the CNSG power level from 314 to 365 MWt and to iden-
t i f y s i te acceptabi l i ty , process safety and operating res t r i c t i ons , and s i te -
and appl icat ion-specif ic economics for an exist ing industr ia l locat ion. This 
study addresses the considerations noted. Contract arrangements included the 
support services of UE&C to ref ine balance of plant (BOP) design and cost es t i -
mates. The Duval Corporation agreed to supply data (including process, s i t i ng , 
and economics data) for the study. UE&C part ic ipat ion was provided under Union 
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Carbide Subcontract 4484 with ERDA; Duval Corporation par t ic ipat ion was pro-

vided without charge. 

This section is an overview of the work accomplished and duplicates in part 
information contained in the more detai led sections that fol low. 
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1.1. Technical Finding_s 

1.1.1. General 

No technical impediments to s i t i ng the PE-CNSG at the Duval Corporation's s i te 
or to using the PE-CNSG in the i r sul fur mining operation were ident i f ied in 
the study. Technical study f indings are noted below. 

1. An extension of the PE-CNSG rated power level capabi l i ty from 314 to 365 
MWt (the or ig inal maritime reactor power level) proposed in reference 1 as 
a resul t of design modification was re-examined and confirmed. At the 365-
MWt power leve l , the PE-CNSG provides adequate capacity to produce the 
required 1.7 x 106 long tons of sulfur per year. 

2. There are no safety or operational features of the Frasch mining proce-
dure that w i l l be affected adversely by using the PE-CNSG as an energy 
source. The industr ia l process had no adverse effects on the safety of 
the nuclear system as planned for th is s i te . 

3. Although no detailed s i te f i e l d examination was made, the s i te and s i te 
data were examined for nuclear plant acceptabi l i ty. Surface sinkholes, 
mining subsidence, and possible subsurface subsidence from soluble rock 
were noted. Some surface fau l ts exist in the general s i te region — the 
nearest one with in about 1000 feet of the plant s i te . No evidence was 
found indicat ing that the f au l t zone was an active one. None of these 
faul ts appear to be of a nature that would prevent PE-CNSG s i t i ng near 
the mine. 

4. A sat isfactory reboiler loop with minimized water loss was designed to 
produce water for mine in ject ion at the desired temperature and pressure. 

5. Based on the NRC's published s i te selection guidelines (10 CFR 100), plant 
boundary and low population zone distances were set, presenting no problem 
to the industry. 
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1.2. Economics 

Economic comparisons of a l ternat ive energy sources that operate over extended 
time periods are often ambiguous because economic i n f l a t i on can produce major 
changes in important cost components. I n f l a t i on w i l l have d i f fe ren t ef fects 
on the various costs that comprise the price of industr ia l energy. In the 
aosence of changes in real costs, s ta f f wages, replacement parts, and fuel 
w i l l tend to increase at prevai l ing i n f l a t i on rates; however, the f ixed charges 
for capital obtained with long-term financing w i l l remain re la t i ve ly unchanged, 
so that escalation of these costs does not occur. Thus, a given rate of in-
f l a t i on w i l l tend to raise the cost of energy from energy sources with a large 
fuel cost (such as o i l - f i r e d boi lers) re la t i ve to the cost of energy from 
other sources with large capital costs (such as nuclear reactors). The ef fec t 
of i n f l a t i on on the cost comparison between the CNSG and a l ternat ive f o s s i l -
fueled systems was considered by assuming fuel and operating/maintenance costs 
subject to a constant representative rate of i n f l a t i on (6% per year). 

The cost comparison between the nuclear plant and coal for the same service 
was carried out on an annualized, a f te r - tax , rate-of - return basis'over the 
22-year plant l i f e considered. For consistency with Duval's evaluation model 
for such comparisons, 100% of the capital cost financing is assumed to come 
from corporate equity; th is financing assumption tends to increase the cost 
of energy from capital intensive sources (such as a nuclear plant) re la t i ve 
to the corresponding cost of less capital intensive systems (such as an o i l -
f i r ed bo i le r ) . 

The af ter - tax rate of return on the incremental capital investment required 
for the nuclear plant in excess of the cost of the coal - f i red un i t ranged from 
12-15% fo r coal priced from $30 to :b'-J (1976 dol lars) pre ton. The price of 
$40/ton represents an upper l i m i t on presently perceived coal costs, and thus 
under present conditions a rate of return (on the nuclear plant incremental 
capital investment) in excess of 15% seems un l ike ly . 

An 11-15% incremental rate of return is not considered by Duval to be s u f f i -
c ien t ly high for an investment r isk that the corporation would associate with 
nuclear plant purchase and ins ta l l a t i on . Conversion to o i l f i r i n g , even with 
$14/bbl (1976 dol lars) o i l pr ices, may be a comparatively a t t rac t i ve option 
for Duval since capital investment requirements would be low. Rates of return 
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on the incremental nuclear plant investment, for th is s i te and application as 
a function of coal price are shown in Figure 1.2-1. 
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Figure 1.2-1. Rate of Return on Incremental Nuclear Investment 
(6%/Year In f la t ion , 1982-2004 Plant Operation) 

10 20 30 40 

Cost of Coal, $/T (1976) 
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1.3. PE-CNSG Plant Description 
* 

The PE-CNSG reactor is a small, integral design pressurized water reactor de-
veloped by B&W from the CNSG designed for commercial nuclear ship propulsion. 
The Maritime Administration of the U. S. Deoartment of Commerse has funded de-
sign and research and development engineering associated with the maritime 
reactor since 1969, affording a design and cost analysis basis; without th is 
basis detailed estimates for the present study would not have been possible. 
In the PE-CNSG (Figure 1.3-1) the core and steam generators are located in-
side the reactor vessel; the only external port ion of the primary system is 
an e lec t r i ca l l y heated pressurizer and interconnecting piping. The reactor 
coolant system is made of the reactor vessel, a set of twelve modular, once-
through steam generators, four ve r t i ca l l y mounted, wetted-motor reactor cool-
ant pumps, and the pressurizer and interconnecting piping. The steam gene-
rators are positioned inside the reactor vessel in an annul us above and 
rad ia l ly outside the core. The reactor coolant pumps are mounted in the reac-
tor vessel head above the steam generators with the i r impellers and di f fusers 
in the steam generator annul us. The reactor coolant travels down through the 
steam generator tubes, t ransferr ing heat to the feedwater; the steam is gene-
rated on the shell side of the steam generator. The coolant continues down 
through the annul us below the steam generator. At the bottom of the reactor 
vessel, the coolant is directed to the center of the reactor vessel and flows 
upward through the core. The coolant is heated as i t t ravels through the 
core;, leaving the core, i t flows upward to the pump suction and turns down-
ward through the steam generator, beginning another flow pass. The design 
power level of the PE-CNSG is 365 MWt, an extension of the maritime CNSG 
power level of 314 MWt made possible by the use of borated coolant for re-
ac t i v i t y contro l . The change in power level was reviewed and confirmed as a 
part of the Duval application study. 

1.3.1. Reactor Vessel 

The reactor vessel i s a thick-wal led, carbon steel vessel clad over the in te-
r i o r surfaces with stainless steel . The inside diameter of the reactor Ves-
sel is 3.99 m (157 inches), and the core and stear,. generators are located with-
in the vessel. Penetrations are provided in the reactor vessel head for the 
reactor coolant pumps and control rod drive assemblies. 
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1.3.2. Reactor Core and Internals 

The reactor core consists of 57 fuel assemblies with an active fuel length of 
1829 mm (72 inches). On the average each fuel assembly contains 208 Zircaloy-
4-clad, helium prepressurized fuel rods 10.922 mm (0.430 inch) in diameter 
arranged in a 15-by-15 array. The fuel is s l i gh t l y enriched uranium in the 
form of uranium dioxide pel le ts . The PE-CNSG design includes 17 control rods 
and uses boric acid in the reactor coolant for long-term reac t iv i t y control . 
Rated core thermal power output is 365 MW. 

1.3.3. Reactor Coolant Pumps 

The four ve r t i ca l l y mounted reactor coolant pumps are wetted-motor, single-
stage, mixed-flow devices with a capacity of 1.196 m3/s (18,950 gpm) - each 
at 32.31 m (106 f t ) of head. The design provides su f f i c ien t pump iner t ia to 
accommodate the loss-of-f low transient and subsequent coastdown. 

1.3.4. Steam Generator 

The PE-CNSG uses 12 modular OTSGs arranged in a c i r c l e inside the reactor ves-
sel. Primary f l u i d flows down through the steam generator tubes. On the shell 
side feedwater enters and steam exi ts through concentric pipes. Feedwater 
enters the generator through the inner pipe and i s directed through a down-
comer to the bottom of the steam generator. I t then passes up through the 
tube bundle outside the tubes and exits from the top of each module as super-
heated steam. At f u l l power the PE-CNSG produces 183 kg/s (1,450,000 Ib/h) 
of steam at 4.83 MPa (700 psia) and 281C (533F) with 19.4C superheat (35F). 
The feedwater temperature at f u l l power is 204C (400F). 

Each steam generator module has 993 Inconel tubes, each 127 mm (0.5 inch) in 
outer diameter. The feedwater and steam l ines, up to and including the f i r s t 
iso la t ion valve, are designed to withstand primary system pressure. 

1.3.5. Containment 

A compact pressure-suppression system is provided. The shell is a free-stand-
ing, bottom-supported steel cyl inder 11.58 m (38 feet) in diameter and 19.51 m 
(64 feet) high overal l . The center section of the upper head is removable for 
construction ins ta l l a t ion , servicing of the major components, and refuel ing. 
A personnel hatch near the main operating f loor provides access for routine 
maintenance and inspection. 
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1.3.6. Balance-of-Plant Design 

The BOP design for th is study was based on the "land-based PE-CNSG plant con-
cept developed by B&W in conjunction with the UE&C as described in reference 1. 
For that study the hypothetical s i te chosen was the standard Middletown s i te 
described in reference 2. The PE-CNSG for that study was rated at 313 MWt 
with two separate conceptual BOP designs with a production of 137 kg/s 
(1,090,000 Ib/h) of process steam or 91 MW of e l ec t r i c i t y . The objective 
of th is study was to interface the conceptual design with the part icu lar 
conditions of the Duval process at the augmented power level of 365 MWt. 

The plant layout for the PE-CNSG is shown in Figure 4.3-5. The plant has a 
reactor service building containing the CNSG, i t s containment and a l l sup-
porting nuclear aux i l ia ry systems, a control bui lding, a diesel generator 
bui lding, and an administrative building. The reactor service control and 
diesel generator buildings (seismic Class 1 structures) are designed to with-
stand tornado-generated missiles. 

1.3.7. BOP Modifications 

Some minor changes in the containment have been required, but on the whole 
the reactor containment, the reactor service bui lding, the control room, and 
many other BOP features have remained the same as the plant design described 
in reference 1. The primary changes were in the development of the process 
energy delivery system ( te r t i a ry loop). For the Middletown s i te two separate 
plants were addressed to produce steam and e lec t r i c t y ; for the Duval s i te a 
mixture of steam for exist ing turbine generators and service requirements, 
and hot water for mine use is necessary. The design modifications for the 
Duval s i te are further restr ic ted by two s i te constraints. Since the s i te is 
both ar id and remote, special consideration is required to provide adequate 
water and backup e l ec t r i c i t y . The BOP design includes a water treatment fa-
c i l i t y to provide water at the desired pur i ty level and to supply o f f s i t e 
e lect r ica l power from a u t i l i t y system approximately 14 km (9 mi) from the 
s i te . 

1.3.8. Tert iary Loop Design 

To supply the s l i gh t l y pressurized 325F water required for the Duval mining 
operation, ei ther of two al ternat ive design arrangements could have been 
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chosen. The f i r s t a l ternat ive examined was the most straightforward and in -
expensive procedure, whereas reactor steam output would be largely consumed 
by mixing with process feedwater and then by in ject ing into the su l fur beds. 
This process, (Figure-4.6-1) had the inherent drawback of requir ing once-
through processing of steam generator feedwater to high-qual i ty requirements 
from raw water of poor qua l i t y . The second al ternat ive was to provide a 
t e r t i a r y loop with an addit ional heat exchanger interface between the nuclear 
system and the process. 

The t e r t i a r y loop system would transfer energy from the PE-CNSG using reboi lers 
and feedwater heaters. The reboilers would produce saturated steam at 1.13 MPa 
(164 psia) in the t e r t i a r y loop that would be transported to the ex is t ing 
bo i ler / turb ine bui ldir ig. This steam would be used as service steam for heating 
the mine water to the required 162.8C (325F) f i na l temperature and d i rec t l y in 
the exist ing turbine generators to produce the 11.5 MW of e lec t r i ca l energy 
required for use at the s i te . The principal advantage of th is system is that 
the steam and feedwater (secondary loop) system could be control led c lose ly , 
minimizing the poss ib i l i t y of contamination of the secondary loop water and 
subsequent foul ing or damaging- of the PE-CNSG steam generator modules. The 
t e r t i a r y loop system was chosen as the reference design (Figure 4.6-4). 
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Figuro 1.3-1. Elevation View of the CNSG | 
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1.4. Recommendation and Conclusion 

Based on study results reported herein, there is no technical reason why a 
PE-CNSG nuclear plant of the recommended design could not be substituted for 
the existing natural gas energy source at Duval's sulfur mining operation. 
The incremental investment for the nuclear p lant , when compared with conver-
sion to coal and to coal prices in the $30-40/ton price range, does not pro-
duce a rate of return high enough to meet the investment c r i t e r i a used by 
Duval. 

Therefore, i t is concluded that under present circumstances, further study of 
the CNSG industr ia l reactor application at the Culberson County s i te does not 
appear to be warranted. However, i t may become worthwhile to reexamine the 
prospects for the nuclear option i f some of the underlying economic circum-
stances should change. For example, i f new tax incentives become available 
to encourage capital investment in new industr ia l energy sources, i f the cost 
of burning coal were to r ise ( for example due to more s t r i c t environmental 
regulations), or i f the prices of fuels were to r ise at a rate s ign i f i can t l y 
greater than the prevail ing i n f l a t i on rate, the economics of the nuclear op-
t ion could become more a t t rac t ive . 

I f additional study of the PE-CNSG application at the Duval s i te is under-
taken for these or other reasons, i t is recommended that the study areas below 
receive early additional at tent ion. 

Heavy Equipment Transportation - Existing res t r ic t ions on weight and dimensions 
may require shipment of PE-CNSG heavy components by a special transporter from 
Galveston, Texas to the s i te . One potential al ternate r a i l route has also been 
ident i f ied. Therefore, i t is recommended that a detailed route study be made 
and the associated transportation cost be estimated. 

Construction Schedule - The construction schedule used for th is study assumes 
that adjustments made to accommodate part ia l f i e l d fabr icat ion of the contain-
ment base plate and f i e l d ins ta l la t ion of steam generators w i l l not impact the 
overall schedule. Potential delays of approximately six months were iden t i -
f ied . The remoteness of the Duval s i te may also impact th? construction 
schedule through a lack of sk i l led workmen. I t is recommended that the over-
a l l schedule be reviewed with attent ion to these considerations. 
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2. PE-CNSG SITE AND APPLICATION STUDY 

2.1. Introduction 

In 1974, B&W began a design study for ERDA to determine i f the CNS6 previously 
developed for shipboard ins ta l la t ion would be suitable for a demonstration pro-
cess steam plant. The results of the study are presented in BAW-1428.1 The 
primary conclusion of the studies was that "The concept of using the CNSG 
reactor system for supplying process energy to industr ia l processes appears 
technical ly and economically feasible." 

Based on the study results fo r the Middletown s i te and the ground rules u t i -
l i zed , 2 the land-based CNSG for process energy (PE-CNSG) appeared to be com-
pe t i t i ve wi th foss i l fuels under some conditions; however, the range of. 
possible energy conditions and process variables for d i f fe ren t industr ia l ap-
pl icat ions is large. Further, potential s i tes could impose rest r ic t ions on 
the use of nuclear power. The interfaces between the PE-CNSG and any speci f ic 
process application could require design modifications not apparent for the 
Middletown s i te . For these reasons B&W in i t i a ted a follow-on study program 
for ERDA in conjunction with UE&C to integrate the PE-CNSG and anc i l l i a ry 
equipment in to speci f ic process applications. 

This study includes generic issues to the PE-CNSG but not related to a specif ic 
s i t e or process. In addi t ion, the speci f ic needs of the Duval Corporation for 
energy at the Culberson County, Texas sul fur mining operation are addressed. 
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2.2. Scope of Study (Duval Corporation) 

The study program comprises the fol lowing tasks: 

Task 1 - Develop Site Data Base: Potential industr ia l process energy 
part icipants were ident i f ied by B&W ~nd ERDA. Each potential part ic ipant 
was asked to provide technical and safety interface data, economic eval-
uation c r i t e r i a , and s i te parameters to support the program. In part icu-
l a r , information on process parameters, ava i l ab i l i t y requirements, process 
hazards, economic model, and s i te characterist ics was requested. 

2. Task 2 - PE-CNSG Interface Development: At the conclusion of the i n i t i a l 
study,1 i t was determined that an increase in CNSG power level from 314 to 
365 MWt would provide a technical ly and economically superior product for 
process energy applications. Because detailed design e f fo r ts had been 
based on the lower power leve l , the CNSG's design capabi l i ty to achieve 
365 MWt was evaluated. 

The detailed process data from the industr ia l part ic ipants were reviewed 
to determine interface requirements and possible design or operational 
changes. A design for the process energy del ivery system ( te r t i a ry loop) 
was also developed. In addit ion to inter facing the PE-CNSG with the pro-
cess, baseline safety analyses for the design basis LOCA were performed, 
and containment pressure ?nd temperature responses to the design basis 
LOCA were determined. 

3. Task 3 - Si t ing Constraints: Si t ing of the PE-CNSG can be constrained by 
many factors. In the absence of a complete environmental and safety re-
view, s i te s u i t a b i l i t y cannot be f u l l y addressed. However, the geologic 
and seismic character is t ics, atmospheric d i f fus ion character is t ics, and 
population density and d is t r ibu t ion for each s i te were used in determining 
whether the potential s i te should undergo additional study. 

Dose-to-man due to the design basis LOCA was analyzed. The radiological 
analysis was based on industr ia l part ic ipant meteorology data, when ava i l -
able, or on the assumptions of USNRC Regulatory Guide 1.4, "Assumptions 
Used fo r Evaluating the Potential Radiological Consequences of a Loss-of-
Coolant Accident for Pressurized Water Reactors." Present and projected 
s i te demography was used for th is study. Recommendations on s i te 
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potential based on the analysis and evaluations above were prepared, and 
possible regulatory r e l i e f was ident i f ied where necessary. 

4. Task 4 - Economic Evaluation: This task compared the economics of using 
an on-site nuclear energy source with other currently available replace-
ment energy sources at the industr ia l par t ic ipant 's specif ic s i tes , loca-
t ions, and conditions. In addit ion, the effects of various factors at 
d i f fe ren t si tes were compared with a uniformly applied economic base. 

A standard analyt ical economic evaluation model was developed in conjunc-
t ion with the Duval Corporation and ORNL. This model incorporates specif ic 
process plant considerations such as ava i l ab i l i t y , construction time d i f -
fe ren t ia l , and alternate fuel cycles. Economic input data for the pro-
cess plant were provided to 3&W by the Duval Corporation. Where specif ic 
data were considered propi ;etary by the industr ia l par t ic ipant , a range of 
data was employed. 

Economic data on the BOP as defined for each s i te were provided for the 
economic model by UE&C. This data reflected changes made to the BOP to 
accommodate the specif ic process. 

5. Task 5 - Report: Included in th is task is the preparation of a summary 
report for a l l tasks for the appl icat ion/s i te studied. B&W worked in con-
junct ion with United Engineers and Constructors, Inc. , on a l l s i tes. This 
report presents the resul ts , conclusions, recommendations from the generic 
tasks (as noted), and the specif ic considerations for the PE-CNSG as the 
replacement energy source for the Duval Corporation's sul fur mining f a c i l -
i t i e s located in Culberson County, Texas. 
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2.3. Study Basis 

The PE-CNSG design used for th is study is essential ly an updated version of 
the design reported in BAW-1428.1 Design modifications have been l imited to 
those result ing from the paral le l nuclear merchant ship program or required 
as a result of the increased power level. Modifications to the BOP are l imited 
to those imposed by Duval's sulfur mining process and attendant s i te conditions. 
The te r t i a ry loop design was developed to conform to the parameters provided 
by the Duval Corporation. 

Ground rules for the economic evaluation base case were provided by the Duval 
Corporation and ERDA to B&W. 
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3. SITE IDENTIFICATION AND EVALUATION 

3.1. Introduction 

Section 3 treats the results of the preliminary evaluation of the s u i t a b i l i t y 
of the Duval s i te for s i t i ng a nuclear power plant such as the PE-CNSG. The 
objective of th is preliminary evaluation was not to study s i te s u i t a b i l i t y , 
per se, including a specif ic boring program and related f i e l d studies to assess 
foundation adequacy, nor evaluate the various detailed s i te acceptabi l i ty as-
pects o rd inar i l y considered even in a br ie f study of th is kind. This type of 
evaluation would have required consideration of such aspects as meteorology, 
hydrology, s i t i ng guidelines, demography, land use, biota and ecological sys-
tems, seismology, water qua l i t y , f looding, tornadoes, exclusion area, securi-
t y , l icensing, etc. However, because of the importance of geological sui ta-
b i l i t y in the s i t i ng of nuclear power plants, the intent was to provide an 
indicat ion as to whether the economic and technical f e a s i b i l i t y study of the 
PE-CNSG for the Duval s i te could proceed with low r isk of being rendered 
meaningless la ter by major geologic inadequacies such as major seismic fau l ts 
or unacceptable subsidence conditions. Such inadequacies as possible active 
fau l ts and extensive subsidence could lead to almost insurmountable l icensing 
problems or high costs to make the s i te acceptable. 

Although proper investigat ion of such potential inadequacies would require ex-
tensive f i e l d studies, i t was f e l t that the stated object ive could be met by 
a s i te v i s i t and by examination of Duval's applicable geologic data. This has 
been accomplished, but the costs associated with s i te s u i t a b i l i t y studies and 
preparations or remedial work (that may be revealed la ter by detailed f i e l d 
invest igat ions) have not been factored into the economic assessment. Should 
economic advantages of the PE-CNSG for Duval be evident from th is preliminary 
phase, these costs should be addressed in subsequent refinements to the study. 
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3.2. Site Geology 

Two studies prepared by Woodward-Clyde & Associates for the plant foundations, 
water reservoir , and plant grading (1968-1969) were made avai lab le. 3* 4 A 
wr i t ten part of a preliminary geologic report on the sulfur deposits was ob-
tained from the mine management during the s i te v i s i t s . 

The geology of the area consists of thick marine and evaporit ic sediments of 
Permian age known as Rustler and .Castile formations. Petrographically, the 
Rustler formation contains calcerous and sil iceous rocks and variet ies of 
gypsum, while the Castile formation contains massive anhydrite (the principal 
sulfur body) and ca lc i te . The general structure of the area west of the Dela-
ware Basin consists of a monocline dipping about 2° 30' east. 

The Culberson property shows a par t icu lar ly .complicated geology because of 
the presence of near-vertical str ike-sl . ip fau l ts and because of the rock a l -
terat ion or solution phenomena. A correct interpretat ion of the geology is 
d i f f i c u l t because (except for producing zones such as sul fur) no cores were 
removed from borings and the c lass i f ica t ion of the rock was based on the 
d r i l l e d material brought to the surface by the d r i l l i n g f l u i d . I t appears 
that there is no def in i te opinion on the detai led structural geology of the 
s i te , The study was oriented toward f inding the mineralized area more than 
disclosing the tectonic or engineering geology associated with the s i t ing 
of a nuclear plant. 

Surface geologic mapping of the outcrops and typical geological features, 
borings resul ts , and stereo photography have been used to prepare the pre-
liminary geologic report. No information was available concerning the age of 
the suspected fau l ts discussed in the report nor was any movement recorded or 
presented in the documentation. 

Unless there is def in i te evidence that movement has occurred at least once 
within the past 35,000 years or recurrently within the past 500,000 years, 
geologic faul ts are not defined in Appendix A of 10 CFR 1003 as capable. The 
presence or absence of a capable f au l t in the v i c i n i t y of a s i te is a geolog-
ical feature that would have a major impact on any nuclear power plant s i t i ng ; 
i t s presence could require design for surface fau l t ing or i f discovered in the 
immediate v i c i n i t y , could eliminate the proposed s i te . 
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3.3. Si te V i s i t and Evaluation of Available Data 

The previous examination of s i te conditions resul t ing from studies made by 
Woodward-Clyde & Associates3'4* shows that the borings were d r i l l e d to a shal-
low depth into su r f i c i a l overburden and upper rock deposits (dolomite and 
gypsum interlayered with claystone and sandstone). Since that exploratory 
program was performed only to define the foundation conditions for the struc-
tures of the su l fur processing plant and the water storage reservoir , no 
attempt was made to describe or c l a r i f y the deta i ls of the i n t r i ca te s i t e 
geology. The presence of sink holes and the type of rock required a number 
of water tests , which produced a wide var ia t ion of data. 

A second report prepared by Woodward-Clyde & Associates during the construc-
t ion of the reservoir shows the presence of a zone where claystone, s i l t s tone , 
gypsum-anhydrite, and dolomite appeared as faul ted rock.5 The trace of a 
probable f au l t mentioned by the Duval geologists is indicated on the sketch 
showing the reservoir location and exploratory work that was performed (Figure 
3.3-1). The depth investigated by seismic pro f i les was less than 9.1 m (30 f t ) 
and showed no channels or voids in the rock; the a i r - t rack d r i l l e d holes ran 
into competent rock 4.6 m (15 f t ) below the bottom of the reservoir . Except 
for mentioning the location of the fau l t compartments (down and up), no other 
information was available on this probable f a u l t . 

The mine geologist of the Duval Corporation believes that what have been in te r -
preted by other geologists as faul ts are actual ly collapses along solut ion 
channels lacking any structural or tectonic s igni f icance. 

The mine area where subsidence result ing from su l fur extract ion follows the 
extract ion process was toured during the v i s i t . The man-made subsidence 
accounts for movements of up to 7.6-10.7 m (25-35 f t ) near the center and 
tapering o f f the edge of the subsided area. Mine personnel have kept accurate 
records of the subsidence phenomenon and i t s development in time and space. 

The proposed s i te area is re la t i ve ly f l a t wi th no v is ib le outcrops. Southwest 
of the s i t e , the topography becomes h i l l y , and dolomite outcrops occur f re -
quently. The proposed reactor s i te is southwest of the water storage reservoir 
and the suspected faul ted area. 

-j. i - , • , 
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3.4. Conclusions and Recommendations 

1. The l imi ted time and amount of information available did not permit any 
f i e l d geology work. 

2. The existence of surface sink holes, occurrences of voids in the d r i l l e d 
borings, and the type and so lub i l i t y of the rock indicate that subsurface 
subsidence could exist or that collapse could af fect the foundations of 
the nuclear f a c i l i t y . Defining rock characterist ics below the foundations 
and establishing the most secure and economical methods to provide a safe 
foundation w i l l require a thorough engineering-geology invest igat ion. 

3. Because of su l fur mining, the influence of ground subsidence due to the 
mining of sul fur can be avoided by keeping the s i te at a safe distance 
beyond the subsidence funnel and continuous monitoring of the subsidence 
phenomena. 

4. The preliminary geologic report on the mine area was d i f f i c u l t to in te r -
pret without mapping and cross sections. The report contained no features 
or comments to indicate that any of the fau l ts discussed were either cap-
able (USNRC) or active. 

Since economic considerations are involved in th is phase of study, i t is re-
commended that the conceptual work be based on a location in the general area 
proposed by the Duval Corporation. Although there are no regulations for the 
location of a nuclear s i te in the v i c i n i t y of an inact ive, healed f a u l t , i t is 
advisable to keep a distance of 152-305 m (500-1000 f t ) between the f a c i l i t y 
and the surface expression of the fau l t . The selected s i te location conforms 
to th is guideline to the extent s i te conditions are known based on l imited 
study. 
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4. REPLACEMENT ENERGY SOURCE 

4.1. Plant Design 

This section presents the design of the PE-CNSG for use as the replacement en-
ergy source at the Duval Corporation s i te . Specific topics include the indus-
t r i a l process, plant s i t i ng and arrangement, the nuclear plant design, and the 
design of the nuclear BOP. 
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4.2. Industr ia l Process 

The descriptions of the mining operation and those character ist ics impacting 
the nuclear plant are discussed below. 

4.2.1. Frasch Mining Process 

In 1891 Herman Frasch secured his f i r s t patents on a process for mining su l fur 
from limestone and sul fur deposits, but i t was not un t i l 1903 that his method 
became an assured commercial success. Crystal l ine su l fur has a f a i r l y de f in i te 
melting point at about 115.6C (240F). The Frasch process p ro f i t s from th i s 
fac t and fuses the sulfur underground by pumping water heated above th is tem-
perature in to the deposit. The melted su l fu r , which is almost chemically pure, 

' flows away from the gangue and is pumped to the surface where i t may be allowed 
to s o l i d i f y . 

The sul fur mining method used at the Duval's Culberson mine is largely the same 
as that developed by Dr. Frasch in 1891. The process involves four basic oper-
at ions: 

1. D r i l l i n g a well to the sul fur formation. 
2. Treating and heating large quantit ies of water i n a power plant . 
3. Pumping superheated water in to the deposit to melt the su l fu r . 
4. Raising the melted su l fur to the surface. 

D r i l l i ng the Well — To reach the sulfur formation, rotary r igs similar to those 
employed by the petroleum industry are used. Af ter the hole i s d r i l l e d , i t i s 
equipped with f i ve pipes of various sizes, placed concentr ical ly , which extend 
from the surface of the ground through the sulfur-bearing stratum. A 340-mm 
(13.375-inch) OD pipe is set through the upper sediments to an approximate 
depth of 14 m (150 f t ) , and then a 244-mm (9.625-inch) OD pipe is set through 
the remaining strata to the top of the sulfur-bearing formation. The produc-
t ion equipment consists of three strings of pipe - 178-mm (7-inch) OD, 89-mm 
(3.5-inch) OD, and 19-mm (0.75-inch) OD in size. The 178-mm (7-inch) pipe ex-
tends through the sulfur-bearing formation and rests in the upper portion of 
the underlying calcium sul fate or anhydrite. The 89-mm (3.5-inch) pipe is 
placed inside the 178-mm (7-inch) pipe and reaches nearly to the bottom of the 
sulfur-bearing rock but rests on a col lar set wi th in the outer 178-mm (7-inch) 
pipe to seal the annular space between the two. F ina l ly , a 19-mm (0.75-inch) 
a i r pipe is set lowered inside the 89-mm (3.5-inch) pipe to a depth s l i g h t l y 
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above the co l lar in the 178-mm (7-inch) pipe. The 178-mm (7-inch) pipe is per-
forated at two in tervals separated by the co l la r . The upper set of holes per-
mits the escape of the hot water pumped down the 178-mm (7-inch) pipe, while 
the lower holes admit the molten su l fur . Figure 4.2-1 is a diagram of a sul -
fur well operation. 

Water - Treating and Heating - The f i r s t step in production is the pumping of 
heated water into the sul fur formation. The amount of water needed to melt a 
ton of sul fur varies from 3.8-45.4 m3 (1,000-12,000 gal) depending on the char-
ac ter is t i cs of the deposit. I t takes a number of wells to const i tute a mine. 
Large-scale production requires about 10 mi l l i on gallons of water each day. 
To ensure an adequate water supply, i t is necessary to develop a reservoir sys-
tem to store water drawn from wel ls. 

However, before th is water can be used in boi lers and pipes, i t has to be t rea t -
ed and softened to remove harmful scale-forming sal ts and corrosive substances. 
From the water t reat ing f a c i l i t i e s a portion of water moves to the boi lers in 
the power plant where i t i s converted into steam. The remainder of the water 
is fed into heaters where i t s temperature is increased to 163C (325F) through 
d i rect contact wi th steam. Insulated hot water l ines then carry the 
heated water to f i e l d control stations where i t is metered in to wel ls. 

Steaming the Well - Pumping hot water down the space between the 178- and 89-mm 
(7- and 3.5-inch) pipes is known to su l fur miners as "steaming the we l l . " Dis-
charging in to the porous sul fur formation through the upper set of perfora-
t ions , the water heats the region through which i t c i rcu la tes, melting the 
su l fu r . Since i t is heavier than water, the l i qu id sul fur sinks and forms a 
pool at the bottom of the wel l . Here i t enters the well column through the 
lower set of perforations and rises in the 178-mm (7-inch) pipe un t i l the seal 
blocking i t from the down-rushing hot water forces i t into the inner 89-mm 
(3.5-inch) pipe. 

Raising the Sulfur to the Surface — The level to which the sul fur w i l l r ise 
in the well is determined by i t s speci f ic gravi ty and the pressure on the hot 
water in the formation - perhaps hal f or two-thirds of the distance to the sur-
face. The weight of the su l fur column is reduced by aeration wi th compressed 
a i r j e t ted down the central 19-mm (0.75-inch) pipe and surges to the surface 
in what i s v i r t u a l l y an a i r l i f t . 
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The water percolating through the underground formation cools as i t does i t s 
work and must be removed to make room for ir,-f lowing hot water. This is ac-
complished by "bleed wel ls , " usually located around the outski r ts of the pro-
ducing area, which drain the cold water from the formation. The used water is 
treated to remove soluble sulf ides and other impurities and then reheated for 
in ject ion into other sul fur wel ls. 

The molten sul fur from the wells is gathered into a heated col lect ion pan and 
stored in insulated and steam-heated tanks at a temperature of 135C (275F). 
The molten sulfur is loaded from the storage tanks into insulated tank cars 
for shipment to consumers or storage terminals. 

4.2.2. Energy Requirements 

The energy required by the Duval Corporation's sul fur mining operation was de-
termined based on the maximum annual sul fur production of 2.54 x 109 kg (2.5 x 
10° L-T). The average annual sulfur production expected over the nuclear plant 
l i f e is 1.73 x 109 kg (1.7 x io6 L-T). Assuming a capacity factor for the PE-
CNSG of 0.8 and a 30-day refuel ing period, the energy required is available 
with adequate margin. The to ta l energy requirement at maximum production is 
11.5 MW for e l ec t r i c i t y and 348 MW for service steam and process heating. 

4.2.3. Special Requirements 

The source of raw water for the sul fur mine is deep wells located approximately 
67 km (36 miles) from the s i t e . The water i s brought by pipel ine and stored 
in a 60,566 m3 (16 mi l l ion-ga l ) reservoir. Because the to ta l hardness and d is-
solved solids of the raw water are high, water treatment for the PE-CNSG te r -
t i a ry loop is required. The reference system selected uses reverse osmosis 
for treatment. The R0 system ef f luent w i l l be piped to exist ing settlement 
tanks. Additional analysis of tank capacity is required. 

Suf f ic ient e lec t r i c power is produced onsite for process and f a c i l i t y needs. 
The primary source of e lec t r i c power for the reactor and BOP (see above) w i l l 
be from an o f f - s i t e source through redundant transmission l ines. Standby and 
emergency power w i l l be provided onsite. 
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4.3. Plant Sit ing 

Culberson County, Texas, where the plant s i te is located is surrounded by Eddy 
County of New Mexico on the north, Reeves County, Texas on the south, and Ward 
and Hudspeth Counties, Texas, to the east and west, respectively. Within a 
48.3-km (30-mile) radius from the plant s i te are located Red Bluf f Lake to the 
northeast and scattered ranches with an estimated eight to ten persons each. 
The population density is 0.017 persons/km2 (0.043 persons/square mi le). 

Outside the 48.3 km (30-mile) radius, the nearest concentrations of population 
are Pecos, Texas and Carlsbad, New Mexico. Pecos has 12,682 people and is 
66 km (41 miles) from the s i t e . . Carlsbad has 20,600 people and is 81 km 
(50 miles) from the s i t e . Figure 4.3-1 is a map re la t ing the Culberson 
property and the 48.3 km (30-mile) radius with the surrounding area. Site 
topography prior to sulfur production and the current topography are shown in 
Figures 4.3-2 and 4.3-3. 

4.3.1. Site Development 

The proposed plant s i te (Figure 4.3-4) is located southeast of the ex is t ing 
plant and raw water reservoirs where the exist ing grade slopes toward the 
northeast at approximately 3.5%. Dolomite outcrops are v is ib le both near 
and south of the proposed s i te . Earthwork is proposed to create a plateau at 
elevation +1010 m (+3315 f t ) consisting of approximately 15,300 m3 (20,000 
cubic yards) of cut. I t is expected that th is excavation can be done by bu l l -
dozers with some ripping. In addit ion, local excavation is proposed for each 
building. Dewatering w i l l probably not be necessary. 

4.3.2. Site Access 

Shipment of the PE-CNSG from the fabricat ion shops to the Duval Corporation 
s i te has been studied b r i e f l y . Equipment weights and envelope dimensions 
were determined. The containment base plate and the PE-CNSG reactor vessel 
were ident i f ied as possible l im i t i ng items due to size and weight. The B&W 
Construction Company was consulted to determine potential routes, shipping 
methods, and cost. Barge shipment to East Texas was recommended, followed by 
either r a i l or road shipment to the s i te . Both r a i l and road shipment w i l l re-
quire the use of special vehicles. Because road shipment is lengthy, addit ional 
investigation into r a i l shipment was i n i t i a ted . The Santa Fe Railroad ident i -
f ied the following l im i ts for the d i rect route to the s i t e : 
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Maximum weight 119,000 kg/car 263,000 lb/car 
30,4000 kg/axle 67,000 lb/axle 

Maximum height 5.94 m 19.5 f t 
Maximum overhang 2.29 m 7.5 f t 

<V') 

The weight l im i ts are based on the standard eight-axle r a i l car. Use of B&W's 
tandem 12-axle cars was acceptable, but no upper weight l im i t was set. 
A fur ther poss ib i l i t y of combined'shipment was also iden t i f i ed , but no time 
was avai lable to pursue the a l ternat ive. This a l ternat ive would require a 
siding'Hon the Texas and Pacific* Railroad tracks near U.S. 80 and shipment of 
the material to the s i te by overland transporter on an east/west access road. 

The trend of transporting construction materials by special transporter has 
been increasing in the past decade because of greater r e l i a b i l i t y . Also, fuel 
and materials required during plant operation can be transported by truck. 
Access to State Route 652 is available by 17.7 km (11 miles) of 7.3 m- (24-foot) 
wide, double penetration private road. The roads allow up to 36,300 kg (40 T) 
of GVW. Hauling when low road areas are wet would be res t r ic ted. 

Table 4.3-1 l . ists the weights of major PE-CNSG components. The envelope dimen-
sions are marginal for r a i l shipment. Due to the lack of information on the 
specif ic port ion(s) of the r a i l rou te , which l im i ts the shipping dimensions, 
the BWCC believes;that r a i l shipment may be possible by modifying the r a i l 
l ine . / 

To determine the actual shipping method and transportation cost, the BWCC has 
recommended the fol lowing actions: 

f 

1. Ship the reactor vessel and steam generators together i f the Santa Fe 
Railroad approves. 

2. Investigate schedule e f fec t fo r f i e l d ins ta l la t ion of steam generators, 
i f required. 

3. Perform a detailed study of the exist ing r a i l f a c i l i t i e s to confirm su i t -
a b i l i t y and/or recommended r a i l " f a c i l i t y improvements,. 

4.3.3. Construction Fac i l i t i es 

A plateau at;an elevation of 1010 m (3315 f t ) with an area of approximately 
200,000 m2 (50 acres) is,required onsite for construction storage f a c i l i t i e s . 
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The construction f a c i l i t i e s are as fol lows: 

1. Change house 
2. Main o f f i ce 
3. Construction parking 
4. Subcontractor t r a i l e r area 
5. Toi let and wash house 
6. Sewage treatment plant 
7. Pipe shop 
8. Electr ical shop 
9. Temporary power substation. 

The construction material storage f a c i l i t i e s are as fol lows: 

1. Batch plant 
2. Rebar laydown 
3. Lumber yard 
4. Pipe storage 
5. Warehouse 
6. Gas, diesel pumps, and tanks 
7. Cable yard 

4.3.4. Foundations • 

This study assumes that the main plant building and structures w i l l be con-
structed on rock. Additional s i te investigat ion must be carried out to en-
sure th is . 

4.3.5. Fac i l i t y Locations 

The plot plan for the PE-CNSG based on Figure 4.3-4 is shown in Figure 4.3-5. 
The buildings and equipment are located to minimize construction time and to 
provide for e f f i c ien t plant operation. Figure 4.3-6 is the C iv i l Plot Plan of 
the exist ing f a c i l i t i e s and Figure 4.3-7 is an aerial photo of the exist ing 
f a c i l i t i e s . 
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Table 4.3-1. PE-CNSG Weights 

Weight 
Metric, kg English, lb 

Nuclear Steam System 

Reactor vessel 
Closure head 
Head studs and nuts 
Steam generator modules 
Internals 
CRDMs 
CRD service structure 
Pumps and dif fusers 
Pressurizer 
SG lateral support, mixing box 
FW inlet/steam out let adapters 

NSP dry weight, to ta l 

Water weight, 21C (70F) 

Total weight 

248,100 
99,340 

6,350 
93,440 
60,780 
14,970 
9,530 

18,600 
39,000 

7,710 
7,260 

605,080 

95,350 

700,430 

546,500 
218,800 

14,000 
205,800 
133,900 

33,000 
21,000 
41,000 
85,900 
17,000 
16,000 

1,332,900 

210,000 

1,542,900 
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Figure 4.3-1. 

NEW MEXICO 

\ IV 

Duval Sulfur Mine and 
Surrounding Area 
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Figure 4.3-3. Topographic Map of Culberson 
Property - August 1976 
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for Process Heat - Plot Plan 

LEGEND 

1. Reactor Containment Vessel 
2. Reactor Service Building 
3. Control Building 
4. Diesel Generator Building 
5. Diesel Fuel Oil Building 
6. Process Heat Building 
7. Piping Tunnel 
8. Process Heat Service Building 
9. Administration Building 

10. Borated Water Storage Tank 
11. Makeup Tank 
12. Condensate Storage Tank 
13. Parking area 
14. Demineralized Water Storage Tank 
15. Railroad Siding — Fuel Car 
16. Water Treatment Area 
17. Ultimate Heat Sink Cooling Tower 
18. 24-KVA Substation 
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Figure 4.3-6. C iv i l Plot Plan 
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Figure 4.3-7. Aerial View - Duval Corporation 
Sulfur Mine 
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4.4. Nuclear Plant Design 

The PE-CNSG is an in tegra l , external ly pressurized water reactor (PWR), which 
was o r ig ina l l y developed to provide propulsion power for commercial nuclear 
ships. The core, steam generator, and RC pumps are located wi th in the reactor 
pressure vessel. The nuclear plant also includes the pressure-suppression 
containment system. Modifications to the marine CNSG design were made only 
to meet necessary process requirements. 

4.4.1. Power Level Selection 

The marine CNSG design, which forms the basis for the PE-CNSG, is rated at 
314 MWt. At th is power level the CNSG produces 1.57 x 102 kg/s (1.25 x 106 

lb /h) to ta l steam flow with conditions of 1.82 x 106 Pa (700. psia) and 281C 
(538F) with 19.4C (35F) superheat at the steam generator out le t nozzles. Re-
view of several potential process applications at the conclusion of the Phase 
1 study1 indicated that many applications could require more energy than was 
avai lable. In addit ion, an increase in power level could make the PE-CNSG 
more a t t rac t i ve economically when compared with coal. Further studies of the 
market indicate that a power increase of 15 to 20% would be appropriate. Ac-
cordingly, the marine CNSG was evaluated to determine the f e a s i b i l i t y of in-
creasing the power level . No technical issues were found that would prohib i t 
increasing the power level approximately 16% to 365 MWt. Therefore, the power 
level was set at 365 MWt for th is study. 

4.4.2. PE-CNSG Power Level Evaluation 

To ver i f y the conclusion that 365 MWt was technical ly achievable, a more de-
ta i led technical review of design requirements from the preliminary evaluation 
was conducted. The study provided a more detai led basis for the technical 
judgement of design capabi l i ty . The areas studied were (1) adequacy of RC flow 
with respect to DNBR margin, (2) steam generator secondary side pressure drop, 
(3) impact of power increase on reactor aux i l i a r ies , plant protection and con-
t r o l , core, steam generator, and transient and safety analyses, (4) compatibil-
i t y of RC pump material with boric acid in the reactor coolant, (5) impact of 
wet refuel ing on containment analysis (potential reduction in containment vol -
ume), and (6) required tes t and evaluation programs. The results of the study 
are summarized below. 
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Reactor Coolant Flow Adequacy - The reference to ta l RCS flow of 3283 kg/s 
(26.06 x 106 Ib/h) was the basis used for determining flow adequacy. The 
evaluation was conducted for the maximum design conditions at design overpower 
based on 365 MWt. The results were as fol lows: 

Metric English 

Core power, MWt 365 365 
T i n / T a y g 300/309C 571.6/589F 
Min DNBR (predicted) 1.91 1.91 
Min DNBR (design basis) 1.42 1.42 . 
System pressure 1.55 x lo7 Pa 2250 psia 

For the PE-CNSG at 365 MWt, the reference flow is adequate and provides a 
sat is factory minimum DNBR of 1.91 and a design minimum DNBR of 1.42. 

Steam Generator Secondary Pressure Drop - The major concern in th is area is 
flow s t a b i l i t y . Current test and evaluation programs for the CNSG IVA steam 
generator are expected to demonstrate design adequacy. No addit ional prob-
lems due to increased power level are expected. 

Power Increase Impact — Design changes required for PE-CNSG reactor aux i l ia r ies 
w i l l be in design parameters rather than in design concept. The same is true 
of plant protection and control systems; i . e . , process variables and setpoints 
may change but the design concept w i l l not. 

Phase I studies on the PE-CNSG core indicated capabi l i ty for increased power, 
which was ver i f ied qua l i t a t i ve l y . The modular steam generator is adequate for 
365 MWt with only a s l i gh t reduction in superheat capabi l i ty . The qua l i ta t i ve 
assessment of PE-CNSG transient and safety analyses at 365 MWt indicated that 
power operation at th is level w i l l not adversely impact operating and safety 
margins. The analyt ical work performed in other portions of th is work e f f o r t 
provides addit ional ve r i f i ca t i on (section 5.2.2) . 

Materials Compatabil it.y — The reference, wet-rotor RC pump was designed for 
service in the CNSG IVA for maritime service in which chemical shim reac t i v i t y 
control (boric acid) is not used. In the PE-CNSG at 365 MWt, chemical shim 
reac t i v i t y control i s used; therefore, the materials of the RC pump must be 
compatible with boric acid in solut ion in the reactor coolant. A materials 
invest igat ion revealed that' the reference pump materials had been changed for 
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compat ibi l i ty since boric acid is used in the CNSG IVA reactor coolant during 
refuel ing outages. Therefore, the PE-CNSG w i l l u t i l i z e the reference pumps. 

Wet Refueling Impact - The influence of wet refuel ing on the PE-CNSG was in 
the potential for reduction in containment dry well a i r volume, which would 
tend to increase containment design pressure. The plant arrangement for re-
fuel ing was reviewed to assess the magnitude of the problem. This concern 
proved groundless, since no reduction in dry well volume was found. 

Test and Evaluation Programs — While much analyt ical work remains to f u l l y 
develop the PE-CNSG at 365 MWt, no major problem areas in the design are ex-
pected.^ However, the fabr icat ion development and the test and evaluation pro-
grams for the maritime CNSG may reveal addit ional program needs for the PE-CNSG. 
Several addit ional test programs specif ic to the PE-CNSG were ident i f ied dur-
ing the present design evaluation. The test and evaluation programs necessary 
are as fol lows: 

1. FA prototype detai l design and fabr icat ion — fabr icat ion modifications to 
the B&W Mark B FA for use in the CRDM drop time tes t . 

2. VMFT — test ing with modified reactor internals using M-CNSG test f a c i l i -
t i es . 

3. CRDM prototype test - modifications to the M-CNSG or central power sta-
t ion CRDM require prototype test ing. 

4. CRDM l i f e test - Only the drop time portion of the l i f e test ing is neces-
sary. 

Based on the foregoing evaluations of the PE-CNSG, there are apparently no 
technical obstacles in achieving design conditions at 365 MWt. I f the process 
supplied with energy requires special design considerations or detailed studies 
indicate the need, there is f l e x i b i l i t y in the design to modify design param-
eters to some extent. 

4.4.3. PE-CNSG Arrangement 

The CNSG for process energy appl icat ion (PE-CNSG) is based on the marine nu-
clear propulsion system that has evolved in response to an increasing empha-
sis on size and weight reduction and reactor safety. The CNSG has been de-
signed u t i l i z i n g years of experience beginning in the la te 19501s when B&W 
began i t s ac t i v i t i es in the marine nuclear propulsion f i e l d with the NS Savan-
nah program. Design modifications have been made as a resu l t of recent design 
reviews by both governmental and industr ia l groups. 
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The RCS flow path has been designed to minimize the existence of complex flow 
obstructions. Vessel model flow tests w i l l ver i fy i n l e t core flow d is t r ibu-
t ion . The straight- tube OTSG design incorporates proven features of the B&W 
u t i l i t y PWR steam generators. The straight-tube design greatly s impl i f ies 
the problem of in-service inspection as required by the USNRC Regulatory Guide 
1.83, i . e . , eddy current inspection of steam generator tubing. 

The PE-CNSG is an integral PWR system in which the core, steam generator, and 
RC pumps are located wi th in the reactor pressure vessel (Figure 4.4-1). An 
e lec t r i ca l l y heated pressurizer is external ly connected to the pressure ves-
sel . u;e steam generator comprises 12 modular once-through units located 
above the top level of the core in the annul us between the core and pressure 
vessel. Each steam generator module can be isolated in the unl ikely event of 
tube fa i l u re . A steam generator module incorporates counterflow heat trans-
fer with r>heH-side boi l ing to produce steam at a constant pressure. The RCS 
operates at a constant average temperature over the load range from 20 to 
100% of rated power and a varying average temperature from 0 to 20% of load. 

The reactor core consists of 57 FAs with Zircaloy-4 tubes containing s l i gh t l y 
enriched U02 pel lets enclosed by welded end plugs. The tubes are supported 
in assemblies by a spr ing-c l ip grid structure. The 17 control rods, which 
control reactor power, are clusters of neutron absorber rods that move in guide 
tubes with in the FAs. 

During operation the reactor coolant is pumped downward through the steam 
generator tubes where the coolant transfers heat to the secondary side feed-
water, thereby producing superheated steam. Leaving the steam generator 
modules, the coolant flows downward over mixing vanes and then turns at the 
bottom of the reactor vessel. Heat generated by the nuclear fuel raises the 
coolant temperature as i t passes upward through the core. The coolant con-
tinues to flow upward un t i l i t reaches the RCP suctions. 

The RCS pressure boundary is designed and fabricated in accordance with the 
codes l i s ted in Table 4.4-1. The design considers steady-state and transient 
conditions expected to occur during the design l i f e including preoperational 
test ing, normal operation, abnormal operation, and postulated accident condi-
t ions. 

The aux i l i a ry service requirements and engineered safety features of the PE-
CNSG plant have been evaluated and combined for maximum system s impl i f ica t ion 
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consistent wi th r e l i a b i l i t y , operabi l i ty , safety, and function. A l l aux i l ia ry 
systems are based on current PWR technology and consideration of duty and en-
vironment. Al l systems and components have been designed in accordance with 
nuclear service codes and standards or the i r equivalent. Components are se-
lected and systems arranged to meet operational safety requirements. 

4.4.4. PE-CNSG Parameters 

The PE-CNSG is designed to produce 1.83 x 102 kg/s (1.45 * 10& Ib/h) to ta l 
steam flow with conditions of 1.82 x 106 Pa (700 psia) and 281C (538F) with a 
small degree of superheat at the steam generator out let nozzles. Table 4.4-2 
l i s t s the major design parameters. 
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Table 4.4-1. Reactor Coolant System Pressure Boundary 
Codes and Classif icat ions 

USNRC 
qual i ty 

Component Code Classi f icat ion group 

Reactor vessel ASME I I I Class 1 A 
Steam generator ASME I I I Class 1 A 
Pressurizer ASME I I I Class 1 A 
Reactor coolant pump ASME I I I Class 1 A 
Piping ASME I I I Class 1 A 
Valves ASME I I I Class 1 A 
CR drive motor tubes ASME I I I Class 1 A 
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Table 4.4-2. Reactor Coolant System Parameters 

Metric English 

D e s i g n ^ Performance Summary 

Power 365 MWt 365 MWt 
Steam pressure at SG out le t 4.83 MPa 700 psia 
Steam temp at SG out let 281C 538F 
Superheat 19.4C 35F 
Steam flow 183 kg/s 1.45 x 106 lb /h 

Feedwater i n l e t temp 204C 4 OOF 

Feedwater in le t pressure 5.17 MPa 750 psig 
Feedwater i n l e t enthalpy 0.874 MJ/kg 376 Btu/ lb 
Nominal core i n le t temp 300C 571.6F 
Nominal core out let temp 319C 606.4F 
Reactor vessel avg temp 309.4C 589F 
RCS flow 3289 kg/s 26.06 x I0fa Ib/h 

Equipment Data/Design Performance Data 

No. of SG modules 12 12 
RCS tota l primary volume 106.9 m3 3775 f t 3 

Primary water volume 99.8 m3 3525 f t 3 

Pressurizer. gas volume 7.08 m3 250 f t 3 

Reactor vessel ID 3.99 m 157 in . 
No. of CRAs 17 17 

No. of fuel assemblies 57 57 
RC pump flow (four used) 1.196 m3/s 18,950 gpm 
RC pump head 32.31 m 106 f t 
RC pump expected power, hot 

M • \ 
0.326 MW 437 hp 

Pressurizer' ' 
Overall length 8.969 m 29 f t , 5.125 in . 
Shell OD 2.013 m 79.25 in. 

Steam conditions are as per feedwater temperatures l i s ted . Any other 
feedwater temperature selected by the Purchaser may not be applied 
without further evaluation. 

^ A l l dimensions nominal. 
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Figure 4.4-2. Elevation View of the CNSG || 



4.5. Balance-of-Plant Design 

The BOP design for th is study was based on the land-based PE-CNSG plant con-
cept developed by B&W in conjunction with the UE&C as described in BAW-1428.1 

For that study the hypothetical s i te chosen was the standard Middletown s i te 
described in NUS-531.2 The PE-CNSG for that study was rated at 313 MWt with 
two separate conceptual BOP designs - production of 137 kg/s (1,090,000 Ib/h) 
of process steam, and 91 MW of e l e c t r i c i t y in the other case. The intent of 
th is study was to modify the conceptual design to meet the part icular condi-
tions of the Duval s i te and the augmented power level of 365 MWt. 

4.5.1. Plant Layout 

The plant layout for the PE-CNSG is shown in Figure 4.3-5. The plant has a 
reactor service building containing the CNSG, i t s containment and a l l sup-
porting nuclear aux i l iary systems, a control bui ld ing, a diesel generator 

» 

bui ld ing, and an administration bui lding. The reactor service, control , and 
diesel generator buildings (seismic Class 1 structures) are designed to wi th-
stand tornado-generated-mi ssi1es. 

The administration and process heat service buildings provide space for o f f i ces , 
change rooms, maintenance shop, and spare-parts storage. These structures are 
standard industr ia l structures. 

A l l f a c i l i t i e s are located in two main sections with a piping tunnel between 
the sections allowing the ins ta l la t ion of an access road through the middle of 
the plant layout. The access road permits easy movement of equipment and per-
sonnel around the s i te . 

The reactor containment vessel i s located inside the reactor service bui lding 
(see Figure 4.5-1). Normal personnel access to the containment is through an 
a i r lock at the 14-m (46-f t ) elevation. For refuel ing access the top of the 
containment is opened at an elevation of 20 m (66 f t ) . Access to the area, 
under the reactor vessel is provided by an access tunnel and bolted contain-
ment closure. 

The diesel fuel o i l storage tank is positioned so that i t has minimal exposure 
to potential plant accidents. The tank is enclosed in a concrete bunker so 
that in the event of an o i l s p i l l and/or o i l f i r e , the s p i l l / f i r e can be con-
tained. 

! 
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Very large equipment such as large tanks (borated water storage tanks, demin-
eralized water storage tank, condensate storage tank) and plant e lec t r ica l 
equipment (transformers) are located outside the main bui ld ings, thus minimiz-
ing the size of these buildings. Minimal weather protection i s provided for 
th is outside equipment. 

4.5.2. Systems Layout 

The layout of systems in the reactor service bui lding is based on past experi-
ence with large nuclear power plants. The location of major equipment is 
shown in Figures 4.5-1 through 4.5-6. Shielded cubicles are provided for each 
piece of equipment that contains rad ioact iv i ty . Plant st ructural layouts are 
designed to minimize construction interferences and to shorten construction 
schedules. 

The fol lowing systems are housed in the reactor service bui ld ing: 

1. Chemical addit ion and boron recovery. 
2. Heating, ven t i la t ion , and a i r conditioning. 
3. Reactor compartment vent i la t ion . 
4. Post-LOCA (loss-of-coolant accident) combustible gas. 
5. Reactor plant water supply. 
6. Pressurizer spray. 
7. Containment dry well cooling. 
8. Emergency DH removal. 
9. Decay heat removal. 

10. Makeup and pur i f i ca t ion . 
11. Equipment and f loor drainage. 
12. Sampling. 4 

13. Component cooling water. . 
14. Waste management. 
15. Fuel storage and handling (wet refuel ing is used). 

4.5.3. BOP Modifications 

Some minor changes in the containment have been required, but (as a whole) 
the reactor containment, the reactor service bui ld ing, the control room, and 
many other BOP features have remained the same. The primary area of changes 
was in the development of the process energy del ivery system ( t e r t i a r y loop). 
For the Middletown s i te two separate plants were addressed to produce steam 
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and e l e c t r i c i t y . For the Duval s i te a mixture of steam for exist ing turbine 
generators, service requirements, and hot water for mine use is necessary. 

The design modifications for the Duval s i te are further rest r ic ted by two s i te 
constraints. Because the s i te is both ar id and .-cuiote, special consideration 
is required to provide adequate water (quantity and qual i ty) and e l e c t r i c i t y . 
To meet these constraints, the BOP design includes a water treatment f a c i l i t y 
to provide water at the desired pur i ty level . Further, the design of an elec-
t r i ca l supply system from a u t i l i t y source approximately 14 km (9 mi) from the 
s i te was necessary. 

4.5.4. Process Steam System 

Development of the process steam system is discussed in section 4.6. Figure 
4.5-7 is the plant layout showing the te r t i a ry loop connections to the ex is t -
ing f a c i l i t i e s . Figure 4.5-8 shows the process building layout. 
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Figure 4.5-1. Reactor Service Bui ld ing, 
General Arrangement — 
Section View 

(UE&C 6255.005-D-008) 
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Figure 4.5-2. Reactor Service Building, 
Plan at Elevation O'O" 
(UE&C 6255.005-D-003) 
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Figure 4.5-3. Reactor Service Building, 
Plan at E l a t i o n 26'0" 
(UE&C 6255.005-D-004) 
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Figure 4.5-4. 
•t 

Reactor Service Bui ld ing^ 
Plan at Elevation 46'0" 
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Figure 4.5-5. Reactor Service Bui ld ing, 
Plan at Elevation 66'0" j 
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Figure 4.5-6. Reactor Service Building, 
Plan at Elevation 89'0" 

(UE&C 6 2 5 5 . 0 0 5 - D - 0 0 7 ) 
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Figure 4.5-7. Main Piping Layout, 
General Arrangement 
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Figure 4.5-8. Process Building Layout - 365-MWt CNSG 
for Process Heat 
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4.6. Tert iary Loop Design 

The energy requirements of the Duval Corporation's Culberson sul fur mine have 
been ident i f ied as: 

1. 11.5 MW of e l e c t r i c i t y produced by non-condensing turbine-generators. 
2. 16.25 kg/s (129,000 Ib/h) of service steam for m i ^ s l laneous heating re-

quirements throughout the mining operation. 
3. Hot water at 162.78C (325F) - the capacity dependent on the rate of sul fur 

mining but equal to approximately 7.57 m3 (2000 gal) per long ton (1016 kg) 
of sulfur mined. The hot water requirement is about 9.9 x 106 lbs/day. 

Raw material is hard well water at 24C (75F) and water returned from the mines 
at 46C (115F) - about half from each source but variable depending on the type 
of operation at the part icular time under consideration. 

The CNSG is capable of producing 365 MWt of energy in the form of s l i gh t l y 
superheated steam at 4.826 MPa (700 psia) using feedwater at 204C (400F). 

A te r t i a ry loop design was devised based on the energy available from the CNSG, 
the requirements of the mining operation, and making optimal use of the raw 
materials and exist ing f a c i l i t i e s . 

4.6.1. Design Selection 

Prior to establishing the te r t i a ry loop design, the energy requirements for 
process operations were compared to the available energy to determine plant 
capabi l i ty . The PE-CNSG is capable of producing su f f i c ien t energy for a l l 
process needs. However, o f f s i t e supply of e lec t r i ca l energy is required for 
reactor and BOP. 

The second concern in the selection of the t e r t i a r y loop design is the un-
ava i l ab i l i t y of high-qual i ty water. The raw well water supply is very high 
in hardness and dissolved sol ids. Typical water chemistry ( in ppm) and ac id i ty 
as provided by the Duval Corporation are l i s ted below (6/18/76). 

CaC03 Ca Mg Na HC03 S0U CI Si02 pH 
916 270 62 210 281 600 375 15 7.4 

The following l i s t of requirements and assumptions for t e r t i a r y loop design 
was developed based on th is water chemistry: 

1. Total solids in the secondary loop must not exceed 0.050 ppm. 
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2. Total solids in the boi ler water of the reboilers must not exceed 2000 
ppm. 

3. Feedwater entering the reboi ler must be softened and deaerated. 
4. Water to heat exchangers where no boi l ing occurs must be softened and de-

aerated. 
5. Water returned from the mines is assumed to be softened and suitable for 

use in heat exchangers, pumps, pipes, and valves. 
6. Contact of hard, aerated water with pipes, pumps, and valves must be kept 

to a minimum. 

Two concepts for supplying the energy requirements to the mining operation are 
technical ly possible. One concept passes a l l of the PE-CNSG steam through re-
boilers to generate t e r t i a r y steam for the process. The second concept u t i l i zes 
the PE-CNSG steam d i rec t l y in the process with possibly some amount being used 
to generate te r t i a ry steam in reboilers (Figure 4.6-1). 

From an equipment standpoint the system where 4.826 MPa (700 psia) steam pro-
duced by the CNSG would be used d i rec t l y in heat exchangers to provide process 
water at 162.78C (325F) is the simplest. However, th is concept has potential 
d i f f i c u l t i e s in maintaining the PE-CNSG water chemistry. Further, th is con-
cept alone, without some provision for preventing carryover of radioactive con-
taminants due to heat exchanger tube fa i lu res , could increase operational and 
l icensing problems. Since there was not su f f i c ien t time to investigate these 
potential problems, the concept u t i l i z i n g the to ta l PE-CNSG steam in reboilers 
for t e r t i a r y steam production was used in th is study. 

The ind i rec t transfer or t e r t i a r y loop system would transfer energy from the 
PE-CNSG using reboi lers and feedwater heaters, The reboilers would produce 
saturated steam at 1.13 MP (164 psia) in the te r t i a ry loop. This steam would 
be transported to the exist ing boi ler / turb ine bui lding, I t would be used as 
service steam, for heating the mine water to the required 162,8C (325F) f i na l 
temperature, and d i rec t l y in the exist ing turbine generators to produce the 
required 11.5 MW of e lec t r i ca l energy. The principal advantage of th is system 
is that the steam and feedwater (secondary loop) system can be control led 
c losely, minimizing the poss ib i l i t y of contamination of the secondary loop water 
and subsequent foul ing or damaging of the PE-CNSG steam generator modules. 
The t e r t i a r y loop system was chosen as the reference design. 
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Several variat ions of the te r t i a ry loop concept were next devised and evaluated 
(Figures 4.6-2 through 4.6-4). 

1. An open loop design (Figure 4.6-2) uses the 1.13 MPa (164 psia) t e r t i a ry 
loop steam in direct-contact water heaters to raise the water to the re-
quired f i na l temperature. Blowdown from the reboilers and the turbine 
exhaust is fed to the exist ing hot process softeners. No attempt is made 
to recover the condensate from the service steam. This arrangement re-
sul ts in a minimum capital investment in heat exchangers but requires 
the greatest investment in water treatment equipment for the feedwater to 
the reboi lers. 

2. 'A closed loop design (Figure 4.6-3) uses the 1.13 MPa (164 psia) t e r t i a r y 
steam in tubular heat exchangers to raise the water to the required f ina l 
temperature and also uses the turbine exhaust steam in tubular exchangers 
for preheating the water that eventually goes to the mine. 
With the closed loop pract ica l ly the ent i re feedwater supply to the re-
boilers is condensate so minimum feedwater treatment is required and re-
boi ler blowdown is kept to a minimum. There is a maximum investment in 
tubular heat exchangers. However, th is arrangement precludes the use of 
the hot process softeners from a practical viewpoint. Since the hot 
process softeners are eliminated, high capacity process softeners (zeol i te 
softeners) must be used. The hard well water (^1000 ppm tota l hardness) must 
be softened to prolong the l i f e of the piping, valves, pumps, and heat ex-
changers. 

3. The design chosen (Figure 4.6-4) is a compromise between the arrangements 
presented on Figures 4.6-2 and 4.6-3. As before, the secondary loop is a 
closed loop and a l l of the energy is supplied as 1.13 MPa (164 psia) steam 
or reboi ler blowdown. In th is concept the blowdown and turbine exhaust 
steam are fed d i rec t l y to the hot process softeners, but the water to the 
mines is raised to the f i na l temperature by tubular heat exchangers. The 
condensate from the service steam and water heaters is returned to be used 
as feedwater to the reboi lers. The turbine exhaust steam and blowdown are 
los t . These flows must be made up by a feedwater treatment system consist-
ing of a RO system and zeol i te softeners. 

In addition to the technical merits of the reference t e r t i a r y loop (Figure 
4.6-4), the economic worth of each var ia t ion was determined. Capital and O&M 
costs were obtained from equipment vendors. The reference design was approxi-
mately 50% less costly than the closed loop and 10% less cost ly than the open 
loop. 

4.6.2. Design Description 

The flows, pressures, and temperatures shown in Figure 4.6-3 are based on the 
CNSG supplying 365 MWt to the t e r t i a r y system. As energy requirements are de-
creased, the flows w i l l decrease proportionately. Pressures in the t e r t i a r y 
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loop w i l l remain approximately constant, but the pressure of the secondary 
steam entering the reboi lers w i l l decrease with decreasing load. 

The recommended design is described in more deta i l below. The 1.13 MPa (164 
psia) steam is fed to (1) the turbine-generators (TGs), (2) the tubular heat 
exchangers, (3) the service steam, and (4) the deaerator and te r t i a ry storage 
tank. 

The condensate from the service steam and from the tubular heat exchangers is 
returned to the te r t i a ry storage tank. The exhaust from the TGs and the blow-
down is fed to the hot process softeners and mixed with the water that goes 
to the mine. This amount of water must be treated by the RO system and zeo-
l i t e softener. 

The t e r t i a r y storage tank col lects condensate return, t e r t i a r y makeup water, 
and water from the t e r t i a r y water cooler, deaerates the water, and feeds water 
to the t e r t i a r y feedwater pump. From here the feedwater goes through a feed-
water heater to the reboi ler , receiving heat from the secondary loop. Well 
water is pumped through the RO system removing undesirable sa l ts , thence to 
the hot process softener, to a water heater and to the mine. Mine return 
water is divided-between the hot process softener and a water heater from which 
water is returned d i rec t ly to the mine, maintaining required water pur i t y . 

Control 

Feedwater flow to the CNSG steam generator is control led by an ICS but re-
ceives i t s main signal from steam generator pressure automatically increasing 
flow i f pressure decreases blow 4.83 MPa (700 psia) and vice versa. 

The secondary steam flow to the reboi ler is control led by t e r t i a r y steam d is -
charge pressure from the reboi ler . Secondary steam flow w i l l automatically 
increase i f the t e r t i a r y steam pressure drops below 1.13 MPa (164 psia) and 
vice versa. Secondary steam flow to the turbine generator w i l l be control led 
by frequency, a part of the Duval Corporation system. Secondary steam flow 
to the water heaters w i l l be control led by the temperature of the water leaving 
the heaters. Steam flow w i l l automatically increase (increasing pressure) i f 
the temperature drops below 162.8C (325F)and vice versa. 

Condensate f low from the water heaters w i l l be control led by the water level 
in the water heater and w i l l automatically increase i f the level r ises above 
the set point and vice versa. 
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Feedwater flow to the reboilers w i l l be control led by the water level in the 
te r t i a ry side of the reboi ler. Flow w i l l automatically increase i f the level 
drops below a set point and vice versa. The feedwater flow control ler w i l l 
probably be a three-element control ler using water level , steam f low, and feed-
water flow to generate a feedwater flow control signal. Makeup to the t e r t i a -
ry storage tank w i l l be controlled by a water level in the tank. 

Blowdown w i l l be continuous and manually adjusted to maintain boi ler water 
solids concentration within specified l im i t s . The flow of well water to the 
softener is assumed to be adjusted manually to maintain a desired water level 
in the softener; the flow of mine return water to the softener w i l l then be 
adjusted to maintain the proper temperature of the water in the softener. 

4.6.3. Interface With Existing Equipment 

I t is assmumed that the new Process Heat Transfer Building and the Water Treat-
ment Building w i l l be separated from the exist ing boi ler / turb ine bui lding by 
at least 402 m (0.25 mi le). 

The reboi lers, feedheaters, secondary and te r t i a ry water storage tanks, the 
secondary and te r t i a ry water treatment f a c i l i t i e s , and associated piping, 
pumps, and control valves, w i l l be housed in a new building. The water heaters 
w i l l be located in the exist ing boiler turbine building convenient to the ex is t -
ing turbine generators, hot process water softeners, pumps, etc. 

The connections between two groups of f a c i l i t i e s w i l l consist of the fol lowing: 

1. Two 610-mm (25-inch), 1.13 MPa (164 psia) t e r t i a r y steam l ines. 
2. Two 203-mm (8-inch) condensate- return l ines. 
3. Two 51-mm (2-inch) reboi ler blowdown l ines. 
4. One raw water (well water) to the water treatment bui lding. 
5. One concentrated raw water from the water treatment building instrumenta-

t ion and control l ines. 
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Î B-to X lOfe A B 

402-7K 
OTO ' 0 ° W 
E6.2 »lOto6 

MIOCEUP (ftaSuMCO? O") 

f 
V 

i . s x io^w 
40 .̂̂  h 
fa3l.6K lO'-B 

COOUC.V1 Ci) > 
2l0.3h 

x lOfeW 
£7 .-7 x IOfc B 

ee.o x iofcaB 

5.7 X tÔB 
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Figure 4.6-2. Open Loop -^253$ Blowdown PE-CNSG 
for Sulfur Mine 

4.6-7 Babcockt Wilcox 



BLANK PAGE 





BLANK PAGE 



' /I'' 

I n 0 Figure 4.6-3. Closed Loop - a-2% Blowdown 
PE-CNSG for Sulfur Mine 

7 IO & 
. O K 

" si -oa.s 
i.Z<l«>*6 

,'340 wlÔW 
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Figure 4.6-4. PE-CNSG for Sulfur Mine 
^10% Blowdown 

ore 4i/: 

II 4.30.9 MOte & 

TUR3lNE (sxiitiua) 

.354- */0*K/ 
lies .5h 

' w 

xiOto i & 
I <voo.i k lo"B 
|.a<»e> xIO" w 

.IZO 
i /s4-.8 " o ^ o 

&CQVICE. STSAM /3/.0 */Ofc A B 

Z03F 274. "3 W, R7o < io'•a 

WATER MWTtBft), 

laa-zh 
'5.OS'S «dO™ W 570.e.K/0<o & 

3E5.fi »lO<» £>6 

ID 
2 ' 2 P iJiO.Oh 

' 23. 2 * iOwB 

•03F 
97.9 */Oto O 

warea ueater(&, 

.357 AfÔ W 
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5. SAFETY ASSESSMENT 

The safety assessment of the PE-CNSG for use as a replacement energy source 
was concentrated in two areas - process safety interfaces and reactor accidents. 
The purpose of the assessment was to i den t i f y necessary design and/or opera-
t ional changes. 
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5.1. Safety Interfaces 

The pr inc ipa l safety interfaces iden t i f ied were process hazards ( f i r e , subsi-
dence) use of ex is t ing f a c i l i t i e s , and radiat ion e f fec ts on the process. Each 
of these interfaces was evaluated qua l i t a t i ve l y . 

5.1.1. Process Hazards 

The Frasch mining process uses hot water to melt the su l fur deposit and force 
the molten sul fur to the surface. At the Duval s i t e the su l fur is kept molten 
and shipped by r a i l in that s tate. The potent ial hazards i den t i f i ed fo r th i s 
study were (1) su l fur f i r e s , (2) process l ine breaks, and (3) .fuel o i l f i r e s . 
The mining operation i t s e l f causes the addit ional hazard of subsidence. 

Sulfur Fires 

The potent ia l for su l fu r f i r e s at the Duval s i t e stated by Duval Corporation 
is low because the su l fu r is kept molten rather than so l id . The natural gas 
current ly used for the energy source is brought in by pipel ine and is not 
stored onsite. Fuel o i l stored onsite is approximately 305 m (1000 f t ) from 
the su l fu r storage area. New storage f a c i l i t i e s for fuel o i l for standby oper-
at ion w i l l also be located a su f f i c i en t distance from the sul fur storage. I f 
a su l fu r f i r e occurs, i t can be readi ly extinguished with a water mist . On-
s i t e f a c i l i t i e s ex is t to combat su l fur f i r e s . 

Fuel Oil Fires 

As previously stated, the ex is t ing o i l storage is located well away from the 
su l fu r storage tanks. The proposed locat ion of the PE-CNSG plant is approx-
imately 305 to 460 m (1000 to 1500 f t ) from the ex is t ing storage f a c i l i t y . 

This separation is expected to be su f f i c i en t to mit igate the consequences of 
potent ia l f i r e s . Because of the remote locat ion of the s i t e , a l l f i r e ser-
vice must be sel f -contained. Review of the ex is t ing f a c i l i t i e s should be con-
ducted to determine the need for addit ional t ra in ing and equipment. 

Subsidence 

The subsidence present at the Duval s i te is p r imar i l y the resu l t of the min-
ing operation. Figure 5.1-1 is a topographic map of the mine area pr io r to 
the s t a r t of mining. Figure 5.1-2 re f lec ts the current topography. The clos-
est port ion of the mine area is approximately 762 m (2500 f t ) from the proposed 
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plant locat ion. This distance is much greater than the expected subsidence 
cone from the mining operation, which is not expected to contr ibute hazards 
to the PE-CNSG plant. 

Process Line Breaks 

Rupture of a process energy del ivery l i ne from the t e r t i a r y loop to the min-
ing operation was postulated as a process hazard. The transient caused by such 
a pipe f a i l u re would a f fec t the t e r t i a r y loop and could feed back into the 
PE-CNSG primary c i r c u i t through the steam and feedwater system. A qual i ta -
t i ve assessment indicates that such feedback would be a minor disturbance to 
the primary system. 

5.1.2. U t i l i z a t i o n of Exist ing Process Fac i l i t i es 

The basic c r i t e r i on used in developing the PE-CNSG as a replacement energy 
source for the Duval Corporation s i t e was to u t i l i z e the exist ing equipment 
where possible. This is ref lected in the t e r t i a r y loop .design, which uses 
much of the ex is t ing water treatment f a c i l i t i e s . E lect r ic power for the pro-
cess is provided by the in-place, non-condensing turbines. E lect r ic power 
for the nuclear plant is brought from o f f s i t e by two 69-kV transmission l ines . 
Although a cooling tower would be provided for safety service, the ex is t ing 
60,600-m5 (16-mi l l ion gal) reservoir w i l l be used for cooling as we l l . The 
heat exchangers designed for the f i na l stage of process heating w i l l be placed 
in the ex is t ing plant bui ld ings. Backup process energy for use during re fue l -
ing and other reactor outages w i l l be provided by ex is t ing boi lers using fuel 
o i l instead of natural gas. 

The interfaces wi th exist ing process equipment iden t i f i ed in the study were 
reviewed to determine impact on design and operation. No major impacts were 
iden t i f i ed except in the t e r t i a r y loop design. For the t e r t i a r y loop the 
exist ing equipment imposes temperature and pressure l i m i t s . A detai led eval-
uation of a l l interfaces would be performed in future work. 

5.1.3. Radiation Effects 

The use of nuclear energy as the replacement energy source presents a minor 
hazard to the process, i . e . , the possible contamination of the su l fur by trace 
quant i t ies of act ivated corrosion products or f i ss ion products. However, there 
afe mu l t ip le barr iers between the sources of contamination and the mining oper-
a t ion . In add i t ion , the water qua l i ty in the heat exchange c i r cu i t s is 
j 
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maintained at very low levels of part iculates by the use of f i l t e r s and de-
mineral izers. Radiation monitors are expected to be used in the heat transfer 
loops, and appropriate l im i t s for trace contaminants w i l l be set and control led 
by periodic analyses of the su l fu r . 
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Figure 5.1-1. Topographic Map of Culbersorjj 
Property - 1969 
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Figure 5.1-2. Topographic Map of Culberson 
Property — August 1976 
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5.2. Transient/Safety Analysis 

A wide range of transient and safety analyses must be performed for the PE-CNSG 
at 365 MWt to ensure that design l im i t s and l im i t i ng conditions of operation 
can be, met. The preliminary transient/safety analysis work performed fo r th is 
study was intended to confirm design margins and iden t i f y potential problems. 

5^2.1. Process Transients 

The transients of concern to the PE-CNSG plant from the process are those in -
volving changes in energy demand. Current operating practice at the Duval 
Corporation su l fur mines is based on sul fur demand forecasts over a six month 
period wi th monthly updates. For each month of operations, energy demand is 
essent ia l ly constant. Process energy is supplied to 20-40 wells continuously, 
and changes in demand are infrequent and slow. Further, the loss of load to 
the process w i l l be absorbed by the t e r t i a r y loop and feedback to the reactor 
c i r cu i t thereby minimized. Loss-of-load studies w i l l be required to be per-
formed to confirm operation practice and design margins. I t is noted that 
backup steam w i l l be required and w i l l be available from exist ing sources in 
case of reactor t r i p to maintain sul fur in the molten condit ion. 

5.2.2. Design Basis LOCAs 

For the PE-CNSG there i s one design basis LOCA for the ECCS and one for the 
containment. Since the piping openings to the PE-CNSG RCS are re la t i ve ly 
small, the core can be assumed to be adequately cooled i f i t remains covered 
by water or by a water-steam mixture over the blowdown period of the LOCAs. 
The ECCS design basis LOCA results in the smallest water volume remaining in 
the reactor vessel to cool the core. This is the in jec t ion l ine LOCA. The 
design basis LOCA for the containment is the LOCA that produces the highest 
peak pressure and temperature in the dry wel l . From the work done on the 
M-CNSG, the design basis containment LOCA is the surge l i ne LOCA, which pro-
duces peak pressures and temperatures s l i gh t l y greater than those for the l e t -
down l ine LOCA. 

5.2.2.1. ECCS Design Basis LOCA 

As previously described, the in jec t ion l ine LOCA is the design basis accident 
for. the ECCS. The in jec t ion l ine (3-inch Sch 160) passes through the reactor 
vessej^above .the steam generator modules and turns downward to open below the 
steamy generator's i in the downcomer annulus placing the height of the end of the 
in ject ion l i n e jus t above the active fuel height. 
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This accident is analyzed using the CRAFT7 computer code. The RCS is described 
as a group of f l u i d nodes and connecting flow paths. The model used for th is 
analysis (Figure 5.2-1) is based on the M-CNSG work. The core power and steam 
generator heat removal rate were changed to r e f l ec t the 365 MWt power level 
for the PE-CNSG. For th is analysis the fol lowing assumptions are made: 

1. The reactor is operating at a steady-state power level of 102% before the 
rupture. 

2. The break occurs instantaneously, and the leak flow i s calculated by the 
Moody leak correlat ion with a discharge coef f ic ient of 1.0. 

3. The control rods begin entering the core 0.5 seconds a f ter the t r i p s ig-
nal i s generated. 

4. The reactor t r ips on low RCS pressure of 13.9 MPag (2015 psig). 
5. The RC pumps t r i p and coast down coincident with the reactor t r i p . 
6. Secondary system t r i ps occur coincident wi th the reactor t r i p . 
7. One HPI system and one LPI system provide cooling water. 
8. Half of the available cooling water is in jected into the reactor vessel, 

while the other half i s sp i l led in to the containment through the broken 
in jec t ion l i ne . 

9. The aux i l ia ry feedwater system removes no energy from the reactor vessel. 

Using the CRAFT model shown in Figure 5.2-1 and the above assumptions, an anal-
ysis of the in jec t ion l ine LOCA for the PE-CNSG was performed. The volume of 
water remaining in the reactor vessel during the blowdown is shown in Figure 
5.2-2. That volume of water reaches a minimum of 24.8 m3 (875 f t 3 ) at 750 
seconds. At that time the in ject ion flow equals the flow through the break. 
This i s the end of the blowdown period and the smallest reactor vessel water 
volume that w i l l occur for th is LOCA. Although th is is less than the 26.9 m3 

(950 f t 3 ) of water that would completely cover the core, the core w i l l be cov-
ered by a two-phase mixture. Since the heat transfer within the mixture is 
by a nucleate boi l ing process, the cladding temperature w i l l remain wi th in a 
few degrees of the saturated water temperature. 

As a resul t o f . t h i s anlaysis, the ECCS provides adequate cooling of the PE-
CNSG core during the design basis in ject ion l i ne LOCA. 

5.2.2.2. Containment Design Basis LOCA 

For. containment design the pressurizer surge l ine LOCA produces the peak con-
tainment dry well pressures and temperatures. The pressurizer surge l ine (6-
inchsch 160 pipe) connects the pressurizer and the reactor vessel. A flow 
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res t r i c t ion has been placed in th is l ine where i t passes through the reactor 
vessel. With the flow area of a 4 sch 160 pipe, th is res t r i c t ion l im i t s the 
flow during surge l ine breaks to help protect the core. 

The analysis for the containment design basis LOCA begins with the determina-
t ion of the mass and energy released through that break. This is determined 
using a CRAFT model s imi lar to that used for the ECCS design basis LOCA analy-
s is . The major differences are the type, locat ion, size of the break, and 
that a l l cooling water from one ECCS str ing i s injected into the reactor ves-
sel. This provides the mass and energy released through the break during the 
LOCA, which is then input to the containment analysis. 

Containment response to a LOCA is analyzed using the MVRBA2 code. The PE-CNSG 
pressure suppression containment is described as a dry well volume and a wet 
well volume connected by a series of paral le l vent pipes. The containment 
volumes and other pert inent information are given in Table 5.2-1. For th is 
analysis the following assumptions were made: 

1. One containment dry well cooler operates to remove heat from the dry well 
atmosphere. 

2. One suppression pool cooler operates to remove heat from the wet well water. 
3. I n i t i a l containment pressure is 68,950 Pa (10 psia). The normal operating 

range is 34,470-48,260 Pa (5 to 7 psia). 
4. 100% of the steam flow through the vent pipe is condensed. 

Limits have been set for the maximum dry well pressure and temperature and the 
maximum wet well water temperature. The design pressure for th is containment 
is 0.724 MPag (105 psig), which includes a margin of 50% of the maximum allow-
able calculated pressure y ie ld ing a maximum allowable calculated pressure of 
0.483 MPag (70 psig). The maximum dry well temperature l i m i t was set at 152C 
(305F), which is the temperature l im i t set by the instrumentation. A l i m i t of 
71C (160F) has been set for the wet well water temperature due to several ex-
periences with excessive vibrations in other suppression systems at water tem-
peratures above this point . 

An analysis of the containment response to a surge l ine LOCA has been made us-
ing the model and assumptions described above. The dry well pressure as shown 
in Figure 5.2-3 reached a peak of 0.407 MPag (59 ps ig) , and the dry well tem-
perature shown in Figure 5.2-4 reached a peak of 153C (307F). The wet well 
water temperature reached a peak of 71C (160F). The dry well atmosphere 
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temperature exceeded the l i m i t by 1.1C (2F), and the wet well water temperature 
has peaked at i t s l i m i t . 

With the current conditions the containment design basis surge l ine LOCA does 
exceed the dry well temperature l i m i t set by instrumentation requirements. In 
addit ion, there is no margin in the wet well water temperature. I t w i l l be 
necessary to ei ther remove some of the conservatism firom the analysis or make e 
changes in the design of the containment and the aux i l iary systems that remove 
heat from the containment during a LOCA. Any reduction of the margin of con-
servatism would have to be j u s t i f i e d as would the effects of changes to the 
containment or the aux i l iary systems. 

The changes necessary to lower the dry well temperature below the 152C (305F) 
l i m i t are not expected to present a major problem. Thus, the containment should 
handle the design basis LOCA with minor changes to the systems involved. 

5.2.3. PE-CNSG Dose Analysis 

The USNRC, in the i r investigation of potential reactor s i tes , considers the en-
vironmental ef fects of certain accidents. Their decision on s i te s u i t a b i l i t y 
is based in part on these considerations. Accordingly, analyses were performed 
to determine the radiological consequences of the MHA as defined below. The 
results of th is analysis according to the NRC practice are used to establish 
minimum distances to the s i te boundary and to the LPZ boundary. The dose l im i ts 
at these boundaries are set in 10 CFR 1005 plants which have been granted a con-
struct ion permit, and in USNRC Regulatory Guide 1.47 fo r reactor s i tes under 
USNRC review. Regulatory Guide 1.4 states: 

" I t should be shown that the o f f - s i t e dose consequences w i l l be 
wi th in the. guidelines of 10 CFR,.Part 100. (During the construc-
t ion permit review, guideline exposures of 20 rem whole body and 
150 rem thyroid should be used.. . )" 

The s i te s u i t a b i l i t y with respect to accidental exposure to the public is then 
based on three c r i t e r i a : 

1-. Annexe! us ion area of such size that an individual located at any point on 
"• i t s boundary fo r two hours immedately fol lowing the MHA would not receive 

, , a n y more than 150 rem thyroid or 20 rem whole body. 
2. ,. A; LPZ.of such size that an individual located at any point on i t s outer 

boundary for 30 days immediately fol lowing the MHA would not receive more 
than 150 rem thyroid or 20 rem whole body. 

3. A population center distance of at least 1-1/3 times the distance from the 
reactor to the outer boundary of the LPZ. 
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Definit ion of the Maximum Hypothetical Accident 

The MHA is defined for radiological dose analysis considerations as a release 
to the containment atmosphere of 100% of to ta l core noble gas inventory and 50% 
of the to ta l core iodine inventory late in core l i f e . The containment leaks 
at the design leak rate (as set in the Technical Specifications) for the f i r s t 
24 hours and at half that rate thereafter. The following assumptions are 
used in the analysis: 

1. At t = 0, the fol lowing ac t i v i t y is released to the containment atmosphere: 
a. 100% of the core equil ibrium noble gas inventory. 
b. 50% of the core equil ibrium iodine inventory. 

2. Half of the airborne iodine plates out on the containment inner wall and 
equipment result ing in 25% of the tota l containment iodine inventory avai l -
able for leakage. 

3. The annular area surrounding the containment is considered a secondary con-
tainment; i . e . , ac t i v i t y can be removed under controlled conditions. 

4. The primary containment leaks to the secondary containment at the following 
rate: 
a. 0.2%/day for f i r s t 24 hours. 
b. 0.1%/day, thereafter. 

5. The secondary containment (air-gap) exhaust rate is three a i r changes per 
hour. 

6. Exhaust f i l t e r ef f ic iency 
a. Elemental iodine, 95% 
b. Particulate idodine, 99% 
c. Organic iodine, 95% 

7. No credi t is taken for decay or deposition of eff luents af ter release from 
the secondary containment. 

8. One percent of the secondary containment exhaust is assumed to bypass the 
f i 1ters. 

9. The atmospheric dispersion factors (x/Q) were determined by use of USNRC 
Regulatory Guide 1.47, which employs the fol lowing assumptions: 
a. Ground level release 
b. Building wake effects 
c. The following atmospheric conditions and wind speeds are assumed: 
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Time a f te r Atmospheric conditions 
accident (u - 1 m/speed) ; 

0-8 hours Pasquill type F, 0 = 1 m/s 
Uniform d i r . 

8-24 hours Pasquill type F, Q = 1 m/s 
Dir . variable wi th in 22.5° sector 

1-4 days (a) 40% Pasquill type D, u ? 3 m/s 
(b) 60% Pasquill type F, u = '2 m/s 
(c) Dir. variable wi th in 22.5° sector 

4-30 days (a) 33.3% Pasquill type C, u = 3 m/s 
(b) 33.3% Pasquill type D, u - 3 m/s 
(c) 33.3% Pasquill type F, u = 2 m/s 
(d) Wind d i r . 33% freq. in 22.5° sector 

10. Power: 365 MWt, two-batch fuel cycle with f i r s t batch i r radiated for, 450 
days and second batch for 185 days. 

11. Breathing rates: 

Time a f te r 
accident Breathing ra te , IP"1* m3/s 

0-8 hours 3.47 
8-24 hours 1.75 
1-30 days 2.32 

The fol lowing tabulation summarizes the resul ts : 

Distance 2-hour s i te dose, rem 30-day LPZ dose, rem « 
m ,(mi.) Thyroi d Whole body Thyroid Whole body 

100(1/16) 480.6 13.6 NA NA 
201(1/8) 138.1 3.9 1439.4 15.9 
402(1/4) 41.8 1.2 423.0 4.7 
604(3/8) 30.1 0.85 247:4 3.03 
805(1/2) 22.6 0.64 166.4 2.14 

1006(5/8) .17.8 0.51 124.7 1.65 
1207(3/4) 14.5 0.41 97.4 1.32 
1408(7/8) 12.1 0.34 79.0 "1.08 
1609(1.0) 10.8 0.31 68.4 0.95 
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The thyroid dose dominates at a l l distances at both boundaries; the whole body 
doses are always below'the 20 rem l im i t . 

These data are plotted on Figures 5.2-5 and 5.2-6. The minimum distances are 
(from the graphs): 

Site boundary minimum distance =.201 m (660 f t ) 
LPZ outer boundary (minimum) = 1006 m (3300 f t ) 

The nearest population center (Orla, Texas) is more than 2,250 m (14 mi) from 
the reactor, which sat is f ies Cri ter ion 3. Land control led by the Duval Corp. 
is shown in Figure 5.2-7. 

Emergency procedures must be prepared and operational status must be assessed 
during l icensing following detailed study of a l l emergency conditions. 
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Table 5.2-1. Assumptions for Containment Response 

\ 

Metri c English 

Containment dry well free volume 
Containment wet well water volume^ 
Containment wet well a i r volume \ 
Number of vent pipes \ 
Vent pipe rupture disc setpoint 
Containment dry well cooling 
Wet well i n i t i a l water temperature 
Computer code used fo r containment 
response 
LOCA 
Discharge coef f i c ien t 
Power level „ % of 365 MWt 
Decay power, % of recommended CNSG 
decay curve ? 
I n i t i a l RCS mass 
ECCS 
Flow of one HPI at 1600 psia 
Flow of one LPI at 200 psia 
Primary metal heat t ransfer coe f f i c ien t : 

Primary metal to f ro th 
P-, '*^ary metal to steam 

Computet code used for mass and energy 
release: CRAFT 

1062 m3 

442 m3 

268 m3 

12 
\ 0.14 MPad 
One containment cooler 

43.3C 
MVRBA 

37,520 f t 3 

15,610 f t 3 

9464 f t 3 

12 

20 psid 
emergency operation 

110F 
MVRBA 

Double-ended surge l ine break 
1.0 

, 102 
120 

150,000 lbm 
1 HPI, 1 LPI 
0.02 m3/s 
0.03 m3/s 

28,370 W/m2 

11.35 W/m2 • 

1.0 
102 
120 

68,000 kg 
1 HPI, 1 LPI 
350 gpm 
500 gpm 

5000 Btu/h- f t 2 - °F 
2 Btu /h- f t - °F 
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Figure 5.2-1. Model of CNSG Reactor Coolant 
System for LOCA 

Node No. 

1. Lower Plenum 1. 
2. Core 2. 
3. Upper Plenum 3. 
4. Closure Head 4. 
5. Pump Outlet and Steam Generator 5. 

Inlet Distribution Annulus 6. 
6. Top Half of Steam Generator- 7. 

Primary Side 8. 
7. Bottom Half of Steam Generator-

Primary Side 9. 
8. Downcomer Annulus 
9. Annulus Surrounding Steam 

Generator Modules 10. 
10. Secondary Side of Steam 11. 

Generator 
11. Pressurizer 12. 
12. Containment 13. 

5.2-9 

Flow Path No. 

Core 
Core 
From Upper Plenum to Upper Head 
Pump 
From Pump Outlet to Steam Generator 
Steam Generator 
From Steam Generator to Downcomer 
From Downcomer Annulus to Lower 
Plenum 
Bypass From Downcomer Annulus t o 
Annulus Around Steam Generator 
Modules 
Pressurizer Surge Line 
Bypass From Annulus Around Steam 
Generator Modules to Upper Plenum 
Core Bypass 
High- and Low-Pressure Inject ion 
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Figure 5.2-2. Water Volume in Reactor Vessel During 
In ject ion Line LOCA 
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Figure 5.2-3. 
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Figure 5.2-4. Temperature Vs Time After Rupture 
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Figure 5.2-5. Two-Hour Integrated Thyroid Dose at Site Boundary Vs 
Distance From Reactor Building to Site Boundary 
Following MHA 
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Figure 5.2-6. 30-Day Integrated Thyroid Dose at LPZ Boundary Vs 
Distance From Reactor Building to LPZ Boundary 
Following MHA 
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Figure 5.2-7. Land Controlled by 
Duval Corporation 
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6. ECONOMIC EVALUATION 

The objective of the economic evaluation was to compare capital and operating 
costs of the PE-CNSG for the part icu lar s i tes iden t i f i ed . The ear l ie r economic 
studies were based on the USNRC hypothetical Middletown s i t e . 2 Further, spe-
c i f i c deta i ls of owner f inancing were not avai lable. 

6.1. Evaluation Ground Rules 

To evaluate the PE-CNSG for application to the Duval Corporation sul fur mining 
operation, two sets of ground rules were established. The f i r s t areas con-
sidered were the mining operation and the expected means of f inancing; the 
second area was fuel cycle costs. Table 6.1-1 presents the ground rules 
applicable to both capi tal and fuel cycle costs. Table 6.1-2 presents fuel 
cycle assumptions u t i l i zed . 
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Table 6.1-1. Economic Evaluation Ground Rules 

1. A l l costs based on th i rd-quar ter 1976 do l la rs . 
2. Financing based on 1001-equity cap i ta l . 
3. In terest rate during cor.rtruction — 7.25%. 
4. Minimum a t t rac t i ve rate of return (MARR) 12-15% (a f ter tax) . 
5. The USNRC Account Systein(a) w i l l be used fo r the i den t i f i ca t i on and tabu-

la t i on of cost estimates-
6. The evaluation w i l l be bused on the Nth-of-a-kind (NOAK) costs. F i r s t - o f -

a-kind (FOAK) costs w i l l be reported separately (section 6 .3 .2) . 

7. For comparisons including escalat ion, the escalation rate is 6%. 

^ F r o m reference 2. 
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Table 6.1-2. B&W Fuel Cycle Assumptions 

Basic Costs English Metric 

U308 price $40/lb $88.18/kg 
Conversion cost $1.59/ lb $3.50/kg 
Enrichment cost $/SWU 61.30 61.30 
Tai ls concentration, % 235U 0.25 0.25 
Fuel recovery cost $90.72/1b $200/kg 
F iss i le plutonium value $13,608/lb $30/g 
Fuel discount rate, % 9.575 9.575 

Lead and Lag Times, months 

Prior to batch insert ion 
U 3 O 3 purchase and conversion 9 
Uranium enrichment 6 
Fuel fabr icat ion 3 

Subsequent to batch withdrawal 
Reprocessing 6 
F iss i le material c red i t 9 

Losses of Fe r t i l e and F iss i le Mater ials, 1 

New fuel 
Conversion 1.0 
Fabrication 0.5 

Recycled fuel 
Reprocessing 1.0 
Refabrication 1.0 

5.2-478 Babcock 6. Wilcox 



6.2. Cost Estimate/Analysis - PE-CNSG 

Total plant capital costs have been developed for the PE-CNSG plant. Costs of 
NSS components, plant equipment, structures, mater ial , and labor for ins ta l la -
t ion were developed. Cost estimates were based on past experience, studies by 
others, shop material and labor estimates, and equipment vendor estimates. 
Previous estimates1 were revised to re f lec t the reference power level of 365 
MWt. 

A uniform system of accounts for reporting construction and operating costs 
for nuclear power plants and related transmission and general plant f a c i l i t i e s 
was used in deriving d i rect plant costs. This system of accounts is presented 
in deta i l in NUS-5312. F i rs t -of -a-k ind (FOAK) and Nth-of-a-kind (NOAK) costs 
were determined and are discussed in section 6.2.2 and 6.2.1, respectively. 

6.2.1. NOAK Costs 

In general, NOAK costs are lower than FOAK costs due to the el imination of non-
repe t i t i ve , f i r s t - t ime engineering and to labor learning experience. B&W NOAK 
equipment costs are lower due to a B&W shop labor learning curve and to the 
elimination of f i r s t - t ime engineering. These improvement factors are based on 
past B&W experience with central stat ion plant engineering and equipment. A 
reduction in UE&C equipment scope costs results from f i e l d labor learning where 
there is a carryover of supervisor personnel from one project to another. 

The scope of responsibi l i ty for cost estimates is presented in Table 6.2-1 for 
B&W and UE&C. Certain data are l i s ted as the responsib i l i ty of a par t icu lar 
organization for review. 

A summary of PE-CNSG, NOAK plant costs is presented in Table 6.2-2. Costs are 
broken down into major accounts as suggested in NUS-5312. The cost tabs are 
fur ther separated in Table 6.3-3 to ident i fy depreciable and nondepreciable 
items and the portion of depreciable items subject to ITC. Total capital cost 
for the nuclear process steam supply is 142 m i l l i on dol lars (1976 do l la rs ) . 

Interest during construction was calculated using the typical progress pay-
ment schedules of B&W and UE&C and the construction schedule presented in 
Appendix B. The DON computer code,8 which computes interest as a percentage 
of to ta l cost for the selected construction period, was used to obtain in-
terest during construction (IDC). Tables 6,2-4 and 6.2-5 are the progress 
payment and IDC data for B&W and UE&C equipment, respectively. 
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6.2.2. First-of-a-Kind Costs 

The nuclear plant costs (Table 6.2-2) and the overall economic comparison (sec-
t ion 6.4) are based on Nth-of-a-Kind costs and thus include no FOAK expenses. 
For th is study i t has been assumed that the FOAK costs would be borne by others 
(U. S. government, EPRI, e tc . ) . This type of arrangement for the f i r s t plant 
is necessary i f nuclear power is to become a viable energy source for progress 
energy use. 

FOAK is defined as fol lows: those work ac t i v i t i es that are nonrepetit ive for 
follow-on uni ts , including engineering, l icensing, and test and evaluation ef-
for ts required to develop design parameters, to demonstrate safety to the 
regulatory author i t ies, and to ver i fy design adequacy. 

Generic ac t i v i t i es as defined herein include fabr icat ion processes, baseline 
component and system design, resolution of generic l icensing issues, and FOAK 
engineering proof tests and evaluation programs. Detailed FOAK work items for 
the f i r s t uni t include (but are not l imited to) the fol lowing tasks. 

6.2.2.1. Engineering 

1. Development of reactor baseline design (component and system specif ications 
and drawings). 

2. Design and stress analyses required to sat is fy regulatory agencies. 
3. Development of reactor plant checkout, startup, and operating procedures. 
4. Support of test and evaluation programs. 
5. Architectural and construction design. 
6. Development of BOP systems and equipment designs. 
7. Development of BOP checkout, startup, and operating procedures. 

6.2.2.2. Fabrication and Construction 

1. Manufacturing development for welding procedures, special f i x tu res , and 
ASME Code cases. 

2. Development of special fabr icat ion processes for shop and f i e l d construc-
t ion . 

3. Preparation of detailed shop processing and construction schedules. 

6.2.2.3. Licensing 

1. Resolution of generic issues related to the class of reactors. 
2. Determination of necessary supportive, environmental monitoring programs. 
3. Prepare generic parts of PSAR and FSAR. 
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6.2.2.4. In-service and I n i t i a l Operational 
Tests and Inspections 

1. Baseline techniques for code in-service inspection. 
2. Flow-induced v ibrat ion evaluation of reactor internals. 
3. Hot-functional test programs ( f i e l d ) . 

6.2.2.5. Hardware 

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

2. Design and construction of fuel ing and refuel ing equipment and special 
tools. 

In addit ion to the FOAK work items discussed above, certain test and evaluation 
programs are required to ver i fy design adequacy or to demonstrate the margin 
of conservatism of the design. The test and evaluation programs also support 
the l icensing processes. 

6.2.2.6. Test and Evaluation 

1. Steam generator functional performance, secondary side flow d i s t r i bu t i on , 
and downcomer performance. 

2. Steam generator foul ing and chemical cleaning. 
3. Upper internals v ibrat ion. 
4. Control rod guide structure. 
5. i-uel Mllbly prototype deta i l design and fabr icat ion. 
6. Fuel ti'jsuiiibly l i f e tes t . 
7. Primary pump prototype. 
8. Pressure suppression containment. 
9. Reactor cou|i|f|l. trj||||)ur3tl.|lre sonsor. 
10 . Cc)||| H |indent III H!; ;ll| !;ll|i|)h"i«i lul l f.nsts (not included as part of the cost 

estimate ppo> I*l- ' ' 1 i ' i | 

The to ta l |i|il||l |:0A| uj:»|. |s u s i. iiihi if!f| III |ik afi|i| fix Hnately 25 to 5 0 m i l l i on 
do l la rs , |||c|Ul| |j|q fl 11 |UA|< cos Is In the areas ol erig1(ieeri HO» shop and f i e l d 
cons trill; L-lhh I Urnfislnf l , lll-aul'v luu illld l l l l l h l | u|inhl|.|il||il | b n U , ,II|I| Inspec-
tions af|t| hat'tlWdl-u 4||d manufacture. TllU tota l plant FOAK estimate 
assumes Miui: n i l FOAK costs aro M to a single program and concept. In 
r e a l i t y many are common to three programs involving integral nuclear steam 
systems of s imi lar or ident ical design: the PE-CNSG, the Maritime M-CNSG, and 
the higher-power-level CNSS concept. Al l three program studies and design 
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ac t i v i t i es have been supported, at least in par t , by federal agency funding. 
A construction project involving any one of these programs would give impetus 
to the others, so that some sharing of these FOAK costs over a period of six 
to eight years between programs can be considered. In th is respect FOAK gov-
ernment support of these?programs should be especially cost e f fec t ive . I f 
FOAK costs could be shared between programs, the estimated range of FOAK costs 
above for the PE-CNSG could be reduced correspondingly. 

The FOAK cost estimates discussed above are not based on an extensive invest i -
gation in th is study but rather on work previously done in the Phase I study 
and in M-CNSG program ac t i v i t i es . I f an industr ia l process energy user should 
decide to proceed further with th is study, the BOP FOAK costs should be deter-
mined in more de ta i l . 

The previous estimates do not include consideration of government leg is la t ion 
to provide nuclear accident l i a b i l i t y insurance similar to Price-Anderson 
leg is la t ion. This would be required to cover industr ia l organizations as an 
incentive to establish nuclear plants for i n i t i a l industr ia l ins ta l la t ions. 
The estimates also exclude the cost of longer, f i r s t - t ime construction schedules 
and resultant increases in interest during construction for pioneer plants. 

v> i 
•s 

r< 
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Table 6.2-1. Cost Estimate Scope of Responsibility 

Responsibil ity 

Item B&W UE&C 

Land and Land Rights* X 

Structures and Improvements X 

Yard work 
Containment structure 
Reactor service building 
Control building 
Diesel generator and fuel o i l building 
Administration building 
Process building 
Process heat service building 
Water treatment building 
Service water intake 

Reactor Plant Equipment / 

Nuclear steam supply equipment / 
Reactor equipment / 
Reactor coolant system / 
Safeguards cooling system / 
Radioactive waste treatment and disposal systems / 
Nuclear fuel handling and storage systems / • 
Nitrogen and hydrogen gas system / 
Coolant pur i f i ca t ion and chemical treatment ^ 
system 
Component cooling system / 
Miscellaneous plant equipment / 
Miscellaneous items / 
Ultimate heat sink / 
Water treatment system / 
Instruments and controls / 

* 
Data supplied by Duval Corporation. 
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Table 6.2-1. (Cont'd) 

Responsibil ity 
Item B&W UE&C 

Process Energy Equipment 

Secondary system 
Tert iary system 
Reboilers 

Other process steam equipment 

Electr ic Plant Equipment 

X 

X 
X 

/ 

/ 

Switchgear 
Station service equipment 
Switchboards 
Protective equipment 
Electr ical structures and wiring containers 
Power and control wiring 
69 kV transmission ans substation 

Miscellaneous Plant Equipment ^ 

Transportation and l i f t i n g equipment 
A i r , water, and steam service system 
Communication equipment 
Furnishings and f ix tures 

Undistributed Cost 

Engineering and home o f f i ce ser' ices ^ 
Field supervision, qual i ty control and / 

job o f f i ce expense 
Temporary f a c i l i t i e s / 
Construction equipment / 
Construction services / 
NSS engineering/project management / 
NSS services / 

Other Plant Cost 

Licensing and public relat ions expense, / 
operator t ra in ing , and spare parts 

NSS l icensing / 
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Table 6.2-2. Nuclear Plant Capital Investment Summary 
(Budgetary Estimate) 

Total cost , 
Account No. T i t l e 103 $ 

Direct cost 

20 Land and land r ights 80 
26 Special materials 0 
21 Structures and improvements 24,245 
22 Reactor plant equipment 34,937 
23 Turbine plant equipment 0 
24 Electr ic plant equipment 10,902 
25 Miscellaneous plant equipment 2,968 
27 Process energy equipment 8,946 .-

Total d i rect cost 82,078 

Indirect cost 

91 Construction f a c i l i t i e s equipment and services 8,903 
92 Engineering services 13,246 
93 Other costs 5,400 
94 Interest during construction 13,143 
95 Contingency 18,750 

Total indirect cost 59,442 
Plant capital investment (1976) 141,520 
Plant capital investment (1982) 200,746 
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Table 6.2-3. Depreciable and Nondepreciable Costs 

Depreciable costs 103 $ 

Structures and improvements 
Reactor plant equipment 
Electr ic plant equipment 
Miscellaneous equipment 
Process energy equipment 
Spare parts 
Construction f a c i l i t i e s and equipment 

Total depreciating 87,968 

Nondepreciable costs 103 $ 

Construction services 
Land and land r ights 
Engineering services 
Contingency/gross margin 
Interest during construction 
Other costs 
Working capital 

Total nondepreciating 54,291 

Portion of depreciable items subject to ITC 65,481 
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Table 6.2-4. Progress Payment and IDC Rates - B&W Equipment 

Annual in terest , 7.25% 
Construction 

Percent Percent period, Interest during 
time cost months construction, % 

0.0 0.000 30 6.51 
5.0 0.313 33 7.19 

10.0 0.625 36 7.88 
15.0 0.625 39 8.58 
20.0 2.083 42 9.28 
25.0 4.688 45 9.98 
30.0 8.750 48 10.70 
35.0 12.500 51 11.42 
40.0 14.938 54 12.14 
45.0 17.500 57 12.87 
50.0 21.313 60 13.61 
55.0 27.375 63 14.36 
60.0 33.938 56 15.11 
65.0 41.250 69 15.87 
70.0 49.063 72 16.63 
75.0 57.438 75 17.41 
80.0 73.594 78 18.18 
85.0 79.375 81 18.97 
90.0 92.875 84 19.76 
95.0 99.313 87 20.56 

100.0 100.000 90 21.37 
93 22.19 
96 23.01 
99 23.84 

102 24.52 
105 - 25.52 
108 26.37 
111 27.23 
114 28.10 
117 28.97 
120 29.86 
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Table 6.2-5. Progress Payment and IDC Rates - UE&C Equipment 

Annual in te res t , 7.25% 
Construction 

Percent Percent period, Interest during 
time cost months construct ion, % 

0.0 0.000 30 8.69 
5.0 0.540 33 9.61 

10.0 1.030 36 10.53 
15.0 2.700 39 11.47 
20.0 4.728 42 12.41 
25.0 7.060 45 13.86 
30.0 10.600 48 14.33 
35.0 14.780 51 15.30 
40.0 19.890 54 16.28 
45.0 27.710 57 17.27 
50.0 36.410 60 18.27 
55.0 50.540 63 19.28 

60.0 62.500 66 20.30 
65.0 72.550 69 21.33 
70.0 80.980 72 22.37 
75.0 87.170 75 23.43 
80.0 91.840 78 24.49 
85.0 95.100 81 25.56 
90.0 97.820 84 26.64 
95.0 99.460 87 27.74 

100.0 100.000 90 28.84 
93 29.96 
96 31.08 
99 32.22 

10? 33.37 
105 34.53 
108 35.71 

111 36.89 
114 38.09 
117 39.30 
120 48.52 
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6.3. Cost Estimate/Analysis - Fossil Plants 

6.3.1. Coal-Fired Plant 

Capital costs for the coa l - f i r ed a l ternat ive were adapted from data supplied 
by the Duval Corporation and from boi ler costs reported by United Engineers 
and Constructors in reference 9. The steam generating system comprises three 
400,u00-lb/h boi lers and aux i l i a ry equipment, coal and ash handling equipment, 
a fuel o i l system, and a feedwater treatment system. The plant produces steam 
at 150 psig (saturated), matching the output of ex is t ing gas-f i red bo i le rs . 
The bo i lers are capable of burning western low-sulfup, sub-bituminous coal as 
produced in the Powder River Basin (Wyoming, Montana)\. This type of coal i s 
believed to be representative of western coal since the Powder River Basin is 
a major source of coal wi th a long-term resource base.\ Ash content is 6%; 
su l fur amounts to 0.4%, so that stack gas scrubbers were not provided f o r . 
The high heat value ranged from 7500 to 8600 Btu / lb ; a nominal value of 8000 
Btu/ lb was selected for the economic analysis. \ 

Table 6.3-1 summarizes the capi tal costs fo r , the coa l - f i red plant. The table 
does not include the cost of ex is t ing f a c i l i t i e s that would be retained and 
u t i l i z e d a f t e r the conversion to coal fue l . Included in th i s category are the 
feedwater treatment system, fuel o i l system, e lec t r i ca l system, etc. The to ta l 
cap i ta l cost amounts to 49 m i l l i on dol lars in 1976 do l la rs . 

6.3.2. Oi l -F i red Plant 

The present gas-f i red boi lers are already equipped fo r burning No. 2 o i l ; how-
ever, the Struthers water heaters would have to be modified i f natural gas 
fuel were replaced with o i l . Table 6.3-2 summarizes the re l a t i ve l y minor cap-
i t a l costs for the conversion to o i l f ue l , which amounts to $589,000 in 1976 
do l la rs . 
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Table 6.3-1. Capital Costs - Coal-Fired Alternative 
(Three 400,000-lb/h Boilers) 

Account Total cost, 
No. ' T i t l e $ x 1Q3 

r.v. 
11 Structural improvements 

Coal'storage p i le and yard work 170 
Railroad (12,000 l ineal f t ) 540 
Structure - foundations and super structure 1,800 

Total 2,510 

12 Boiler plant equipment 

Boiler accessories, pulver izers, and fans • 21,300 
Precipitators 4,500 
Draft f lue and breeching >' 300 

i Stack (400') and foundation 1,240 yt 
Coal fuel equipment 3,540 
Fly ash and dust handling 575 
Instrumentation and control 1,300 
Feedwater and treatment system 200 
( t i e into exist ing) 

Total 32,995 

15 Electr ic accessories — coal plant 1,095 

Direct to ta l 36,560 

Indirects 
Licensing 300 
Construction si te.costs 695 
Spare parts (2% di rect materials) 523 
Engineering and construction management 2,900 
Contingency (10% d i rec t costs) 3,650 

Indirect to ta l 8,068 

Total capital cost 44,628 

Interest during construction 4,861 
Total in 1976 (1976 dol lars) 49,489 

Total in 1982 (1982 d o l l a r s ) ^ 70,200 

^ E s c a l a t i o n 1976-1982 is 6%/year. 
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Table 6.3-2. Capital Costs - Oi l -F i red Al ternat ive 

Account 
No. T i t l e Total cost, $ x 10^ 

12 Boi ler plant equipment 
Exist ing o i l storage increased 72 7 days 
from 7 to 14 days at 10<t/gal or 
$4.20/bbl 
Dyke transfer pumps, piping, etc. 72 
Day tank - 60,000 gal at $0.25 15 
Struthers heater conversion from 180 
gas to o i l f i r i n g - 12 units at 
$15,000 each 
Instrumentation and controls 50 
( including S02 and N0X monitoring) 

15 Accessory e lec t r i c — allowance 50 

Total d i rects . 439 
Contingency - 15% 50 
Owner's ind i rec t (engineering, 100 ^20% 
management, e tc . ) 

Total in 1976 (1976 dol lars) 589 

Total in 1982 (1982 d o l l a r s ) ^ 835 

(a) Escalation 1976-1982 is 6%/year. 

5.2-492 Babcock 6. Wilcox 



6.4. Fuel Costs 

The ground rules used to calculate the nuclear fuel cycle costs are given in 
Table 6.1-2; the method used to obtain uni t fuel cost is shown in Figure 6.4-1. 
The fuel cycle considered is shown in Figure 6.4-2; the CYCO computer code10 

i s used to calculate fuel costs. Af ter the level ized fuel cycle costs are 
obtained, the fo l lowing method is used to determine the e f fec t of investment 
tax c red i t : 

1. Obtain level ized fuel cycle cost from CYCO. 

2. Determine the present worth, incore capi ta l charges, and to ta l expenses 
for an equi l ibr ium cycle, and average these values fo r the equi l ibr ium 
cycle. 

3. Mul t ip ly the level ized fuel cycle costs by the ra t i o of the incore capi ta l 
charges to the expenses determined in step 2; t h i s y ie lds the port ion of 
the level ized fuel costs a t t r ibu tab le to incore capi ta l charges. 

4. Subtract the resu l t of step 3 from the level ized cost to determine the 
depreciable cost. 

5. Mu l t ip ly the depreciable cost by the investment tax c red i t rate adjusted 
for the to ta l number of fuel assemblies not subject to the c red i t (y ie lds 
the level ized c red i t ) . 

6. Subtract the level ized c red i t from the level ized fuel cost to obtain the 
level ized fuel cost including the investment tax c red i t . 

The level ized fuel cost for the reference annual re fue l ing cycle amounted to 
57.4<t/106 Btu in 1976 do l la rs . This assumes PE-CNSG operation at 365 MWt and 
a plant fac tor of 0.8. The ground rules for the fuel cycle were established 
when the reprocessing of spent fuel was ant ic ipated; thus, the fuel costs re-
f l e c t t h i s assumption. Fuel costs might increase by 5 to 10<£/106 Btu i f spent 
fuel i s not reprocessed; however, th is s l i gh t cost increment would not a l t e r 
the conclusions of th i s study. 

The fuel costs for the nuclear and f o s s i l - f i r e d a l ternat ives are summarized 
in Table 6.4-1. In th i s comparison the coa l - f i r ed , o i l - f i r e d , and nuclear 
plants were assumed to de l iver equal, annual amounts of energy to the indus-
t r i a l process. The thermal e f f i c iency of the f o s s i l - f i r e d boi lers/heaters 
was taken to be 85%. A range of coal prices from about $15 to $40 per ton 
was selected to account fo r the uncertainty in market conditions and coal t rans-
por tat ion costs. The coal costs are equivalent to 0.91 to 0.245 (1976 do l la rs ) 
per m i l l i o n Btu delivered to the indust r ia l process. Oil costs are based on 
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a price of 33tf/gal (1976 dol lars - No. 2 o i l ) suggested by the Duval Corpora-
t i on . 

Table 6.4-1. Fuel Costs (a) 

Coal(b) Oi l (c ) Nuclear 

IK 
Dollars in 1976 

Unit cost 14.50-39.17 $/T 13.85 
106 $/yr 9.3-25.1 23.7 5.0 
i /10 6 Btu del . 91-245 272 57 

Dollars i n 1982(d) 

Unit cost 20.57-55.56 $/T 19.65 $/bbl 
105 $/yr . 13.2-35.6 33.6 7.1 
<t/106 Btu del . 128-348 385 81 

^ A n n u a l process energy requirement - 8.73 x 1012 Btu/yr 
equivalent to 365 MWt; 0.80 plant fac to r ; f oss i l bo i le r 
e f f i c iency - 85%. 

• ^ L o w su l fu r coal - 8000 Btu/ lb . 
(c^33<t/gal - 6 =< 106 Btu/bbl . 
^ E s c a l a t i o n 1976-1982 is 6%/year. 
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Figure 6.4-1. Fuel Cost Summary 



Figure 6.4-2. Nuclear Fuel Cycle 
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6.5. Operating and Maintenance Costs 

Annual operating and maintenance costs are summarized in Table 6.5-1. Values 
are shown in terms of 1976 and 1982 dol lars. The cost for the nuclear plant 
cost does not include an allowance for augmented security forces that may be 
required by regulatory agencies for some reactor s i tes. 

Table 6.5-1. Annual Operating ^nd Maintenance Costs ($ * 103) -
Fossil and Nuclear Plants 

Coal Oil Nuclear 

Staf f 853 700 1,000 
Maintenance (less s ta f f ) 500 325 600 
Supplies and expenses 190 175 215 
Administration and general 120 100 140 
Nuclear insurance 

Commercial 277 
Governmental 13 

Operating fee 24 
Total in 1976 dol lars 1,663 1 ,300 2,269 
Total in 1982 do l la rs( a ) 2,359 1 ,844 3,218 

Ash disposal 
1976 533 
1982(fl) 756 

Total in 1976 (1976 dol lars) 2,196 1 ,300 2,269 
Total in 1982 (1982 dol lars) 3,115 1 ,844 3,218 

^ E s c a l a t i o n 1976-1982 is 6%/year. 
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6.6. Economic Analysis of Alternatives 

The re la t i ve economic advantages (or disadvantages) for process energy a l te r -
natives being investigated at Duval's sul fur mine are computed by using the 
a f te r - tax , incremental, rate-of- return approach, a form of discounted cash 
flow analysis. This method of economic evaluation is that used by the Duval 
Corporation in i t s capital budgeting studies. 

Year-by-year, a f ter - tax cash flows for each al ternat ive over a 22-year period 
are prepared from estimates of capital costs, operations and maintenance ex-, 
penses, and fuel costs presented in previous sections. Next, these cash flows 
are analyzed in terms of the then-current do l lars . From these tables of year-
by-year, a f ter - tax cash f lows, i t is possible to examine the re la t ive economics 
of each pair of alternatives and to compute, the rate of return being realized 
( i f any) on the more capital intensive system. 

The basic cost tradeoff in generating process energy at the Culberson County 
mine l ies in lower fuel costs associated with the more capital intensive nu-
clear system (PE-CNSG) when compared to f o s s i l - f i r e d a l ternat ives. These sav-
ings in annual costs make possible a posi t ive rate of return on the extra in-
vestment required by the PE-CNSG system, and the magnitude of th is return is 
heavily dependent on future coal and o i l prices, the i n f l a t i on rate, and the 
cost of money. 

Current expectations for future i n f l a t i on range from about 5 to 7%; in the 
present analysis, an average rate of 6% i n f l a t i on per year was assumed. The 
corresponding current yields for the chemicals and petroleum ref in ing indus-
t r i es are ( in ant ic ipat ion of the i n f l a t i on rates above) about 8.3% for debt 
and 15.3% fo r equity (af ter taxes). In the present calculat ion incremental 
rates of return are computed (assuming a prevai l ing i n f l a t i o n rate of 6% per 
year) for a range of coal prices. The resul tant , a f ter - tax rates of return 
can then be compared with Duval's minimum a t t rac t i ve rate of return (MARR), 
which is customarily 12-15% on new capital outlays to determine the f inancia l 
attractiveness of the nuclear and foss i l a l ternat ives. 

Note that in many "must-have" types of projects (as opposed to the "wou'ld-
1 ike-to-have" types of projects) the MARR is often not s t r ingent ly maintained, 
thus permitt ing considerations (other than .economic) to determine the f i n a l , 

-f; 
recommended system. 7 
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6.6.1. PE-CNSG Cash Flows 

From capital cost estimates given in section 6.2.1, the approximate, end-of-
year cash f low, including interest during construction, has been calculated 
and is presented in Table 6.6-1 based on data given in Table 6.2-2. Also 
show in Table 6.6-1 are investment tax credits that could be taken by Duval 
over an assumed, 72-month construction period. These estimates have been 
placed in the appropriate locations in Table 6.6-2 where af ter - tax cash flows 
are computed at a 6% annual i n f l a t i on rate. 

The BTCF column in Table 6.2-2 indicates before-tax cash flows consisting of 
in f la ted (or then-current) costs of nuclear fue l , O&M, and miscellaneous items. 
Depreciation is calculated by the s t ra igh t - l i ne method (with no assumed salvage 
value) over the 22-year plant l i f e . Accelerated depreciation methods, such as 
the sum-of-the-years d ig i t s method, could have been used, but the s t ra ight -
l ine method is customary practice for Duval Corporation. (A faster w r i t e -o f f 
method would favor the more capi ta l - intensive a l ternat ive in a re la t ive sense; 
Table 6.6-2 offers a conservative analysis of the PE-CNSG system.) 

A combined federal and state ef fect ive income tax rate was assumed to be 0.50, 
and resul tant tax credits are calculated in column 5 based on reductions to 
taxable income shown in column 4. Actual ly, these credits would be employed 
to o f fse t tax l i a b i l i t i e s created by annual revenues ar is ing from the sale of 
su l fu r . 

F ina l ly , the af ter- tax cash flows (ATCF) are estimated in column 6. I t is th is 
column of numbers that w i l l be compared with ATCFs of foss i l al ternat ives in 
determining an incremental rate of return on the extra investment required by 
the CNSG system. Note that 100% equity financing has been assumed here to 
s impl i fy the analysis; th is corresponds to Duval's method of making preliminary 
economic evaluations. 

6.6.2. Fossil-Fired Plant Cash Flows 

From capital cost estimates given in section 6.3.1, cash flows during construc-
t ion of the coal - f i red boi lers , as well as the allowable investment tax credits 
have been computed. These estimates are- shown in Table 6.6-3, and progress 
payments over the assumed 48-month construction period were based on Table 
6.2-4. Af ter t ransferr ing numbers from Table 6.6-3 to the BTCF column of 
Table 6.6-4, the process of determining af ter - tax cash flows can proceed in 
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the same manner as for the nuclear al ternat ive (Table 6.6-2). Again, i t was 
assumed that the plant would have a zero salvage value at the end of i t s 22-
year l i f e . 

Three sets of coal prices (1976 dol lars) were analyzed: $14.50, $29.62, and 
$39.17/ton. This was done to provide some feel for sens i t i v i t y of the incre-
mental rate of return to changes in th is very important factor . Complete cal-
culations for only one case, namely $14.50/ton, are given (Table 6.6-4) in the 
interest of brevity. An identical procedure to that of Table 6.6-3 was fol low-
ed in analyzing the o i l - f i r e d a l ternat ive, and i t s af ter - tax cash flows at 
33<t/gal were also computed in the same manner as that indicated in Table 6.6-4. 

6.6.3. Cost Comparison Between Nuclear and 
Fossil-Fired Alternatives 

After tables of ATCFs for the f i ve alternatives (1 nuclear, 3 coal, and 1 o i l ) 
were developed, incremental, af ter- tax cash flows were determined on which a 
rate of return could be calculated. To i l l u s t r a te one of the four incremental 
comparisons made, Table 6.6-5 is presented. The year-by-year entries in th is 
table a r e found by subtracting the ATCF entries in Table 6.6-4 (coal at $14.50/ 
ton) from the corresponding, annual ATCF amounts in Table 6.6-2. The nuclear 
al ternat ive involves rather large cash outflows during i t s 6-year construction 
period followed by a modest fuel savings during subsequent operation of the 
f a c i l i t y (Table 6.6-5). 

A computer program was used to calculate the incremental rate of return for 
the cash flow in Table 6.6-5; i t was found that the incremental return for 
this case was 2.4% in terms of the then-current dol lars. (This rate of re-
turn was determined by solving for the interest rate at which the present-
worth of cash outflows exactly equaled the present-worth of cash inf lows.) 
A summary of calculated, incremental rates of return for f oss i l - f i r ed a l te r -
natives re la t i ve to the CNSG system is given in Table 6.6-6. Column 1 shows 
the incremental investment rates of return in the nuclear versus foss i l com-
parison for coal prices in the range from $14.50-39.17/ton (1976 do l la rs ) , 
assuming 6%-per-year i n f l a t i on . These results are depicted in Figure 6.6-1 
indicating that for coal at -v$40/ton (1976 do l la rs) , a 15% return might be 
realized on the incremental capital of the nuclear plant re la t ive to the 
coal - f i red al ternat ive. At about $30/ton a return of about 12% would be 
realized, which is at the lower end of the 12-15% desired range. For 
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comparison a 10.0% rate of return was calculated on the incremented capital 
of the nuclear plant re la t ive to the o i l - f i r e d al ternat ive. 

Column 2 of Table 6.6-6 shows the incremental investment rates of return, as-
suming zero i n f l a t i on beyond 1976. This analysis was performed in terms of 
capi ta l , operating/maintenance, and fuel costs held f ixed at 1976 levels. The 
rates of return on the incremental investment for the nuclear plant ranged 
from less than zero to 8.2%. The yields in Column 3 are consistent with the 
higher yields shown in Column 2 for a real-world i n f l a t i ng economy. The mag-
nitude of the interest rate with i n f l a t i on (Column 1) re la t ive to the interest 
rate without i n f l a t i on (Column 2) is consistent with the fol lowing formuliza-
t ion that has been proposed by a number of economists11 and that takes the 
fol lowing form: 

1 + interest rate in an i n f l a t i n g economy = (1 + interest rate in 
a noninf lat ing economy) * (1 + annual i n f la t ion rate) . 

The cost comparisons between the nuclear and f oss i l - f i r ed steam supplies in-
clude a number of assumptions designed to simpl i fy the analysis. The cost of 
providing fossil-based backup steam to prevent sulfur so l i d i f i ca t i on during 
reactor refuel ing and maintenance was not included. Only 2 to 4% of the tota l 
annual energy requirement might be used for th is purpose. Another simpli fying 
step based the cost comparisons on a common time of plant startup. Under ac-
tual conditions the coal- f i red plant could s tar t operation about two years 
ear l ier since i t s construction time would be about two years shorter than for 
the nuclear plant. 

The results shown, namely the rates of return on investment, are intended to 
provide only a crude indication of economic potential to the decision makers. 
A more detailed evaluation would be required to derive more accurate economic 
projections. 
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Table 6.6-1. Calculation of Capital Cost Cash Flow and 
Investment Tax Credits for Nuclear 
Alternative (1976 Dollars) 

Total d i rect cost, $ 
Total indirect cost 
(includes IDC) 

Working capital 
(100% salvage value 
assumed) 

82,078,000 
59,442,000 

141,520,000. 

739,000 

Total i n i t i a l investment $142,259,000 

Depreciable costs - $87,968,000. 

Depreciable costs subject to investment tax c red i t (ITC) - $65,481,000. 

Nondepreciable costs - $54,291,000. 

No. years 
before plant 

startup 

5 
4 
3 
2 
1 
0 

Construction -- $ spread 72 months 
assumed 

E0Y 1 0.20 F c (b) = 0.02 (142,259,000) = 2 ,845,180 
E0Y 2 +0.10 FC = 0.10 (142,259,000) = 14 ,225,900 
E0Y 3 +0.10 FC = 0.10 (142,259,000) = 14 ,225,900 
E0Y 4 +0.25 FC = 0.25 (142,259,000) = 35 ,564,750 
E0Y 5 +0.33 FC = 0.33 (142,259,000) = 46 ,945,470 
E0Y 6 +0.20 FC = 0.20 (142,259,000) = 28 ,451,800 

$142 ,259,000 

10% investment tax credi t (during construction) 

5 E0Y 1 0.002 (65,481,000) 
4 E0Y 2 0.010 (65,481,000) 
3 EOY 3 0.010 (65,481,000) 
2 EOY 4 0.025 (65,481,000) 
1 EOY 5 0.033 (65,481,000) 
0 EOY 6 0.020 (65,481,000) 

130,962 
654,810 
654,810 

1,637,025 
2,160,873 
1,309,620 

(a) 
(b) 

E0Y: end of year. 
FC: total i n i t i a l investment; end of year convention is being used. 
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Table 6.6-2. Calculation of After-Tax Cash Flow(a) (ATCF) for 
Nuclear Al ternat ive at 6% Annual I n f l a t i o n , 
$ x 1Q6 

Startup 
(1982) 

End of 
year 

-5 
-4 
-3 
- 2 
-1 
0 
1 
2 
3 
4 
5 
6 
7 
3 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
22 

BTCF 

-3.016 
-15.984 
-16.943 
-44.899 
-62.824 
-40.359 
-10.939 
-11.596 
-12.291 
-13.029 
-13.810 
-14.639 
-15.517 
-16.448 
-17.436 
-18.481 
-19.591 
-20.766 
-22.012 
-23.333 
-24.733 
-26.217 
-27.790 
-29.456 
-31.224 
-33.097 
-35.084 
-37.188, , 
+2.6667'c ' 

Depreciation 

0 
0 
0 
0 
0 
0 

-4.000 
-4.000 
-4.000 
-4.000 
-4.000 
-4.000 
-4.000 
-4.000 
-4.000 
-4.000 
-4.000 
-4.000 
-4.000 
-4.000 
-4.000 
-4.000 
-4.000 
-4.000 
-4.000 
-4.000 
-4.000 
-4.000 
0 

(b) 
Taxable 
income 

0 
0 
0 
0 
0 
0 

-14.939 
-15.596 
-16.291 
-17.029 
-17.810 
-18.639 
-19.517 
-20.448 
-21.436 
-22.481 
-23.591 
-24.766 
-26.012 
-27.333 
-28.733 
-30.217 
-31.790 
-33.456 
-35.224 
-37.097 
-39.084 
-41.188 
+1.90 

Fed and state 
taxes at 50% 

+0.139 
+0.736 
+0.780 
+2.067 
+2.892 
+1.858 
+7.469 
+7.798 
+8.146 
+8.515 
+8.905 
+9.320 
+9.759 

+10.224 
+10.718 
+11.241 
+11.796 
+12.383 
+13.006 
+13.667 
+14.367 
+15.109 
+15.895 
+16.728 
+17.612 
+18.549 
+19.542 
+20.594 

-0.95 

ITC 

ATCF 

-2.877 
-15.248 
-16.163 
-42.832 
-59.932 
-38.501 
-3.470 
-3.798 
-4.145 
-4.514 
-4.905 
-5.319 
-5.758 
-6.224 
-6.718 
-7.240 
-7.795 
-8.383 
-9.006 
-9.666 

-10.366 
- 1 1 . 1 0 8 
-11.895 
-12.728 
-13.612 
-14.548 
-15.542 
-16.594 
+1.72 

(a) Values are expressed in terms of then-current do l la rs . 

^ A n n u a l depreciation amount = $87,968,000 = j ^ g g ^ ^ 

(c) x 'Return of working cap i ta l . 
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Table 6.6-3. Calculation of Capital Cost Cash Flow and 
Investment Tax Credits for the Coal-Fired 
Alternative (1976 Dollars) 

Total d i rect cost 
Total ind i rect cost 
(includes IDC) 

Working capital 
(100% salvage value assumed) 

$36,560,000 
12,929,000 

$49,489,000 

1. 25% f i r s t year's est. coal cost @ 14.50/T 
2. 2.5 months work of f i r s t year's operating cost 

(not including depreciation) 
2.5 
12 (1,663,000) 

Total i n i t i a l investment 

Depreciable costs 
Depreciable costs subject 
to investment tax credi t (ITC) 
Nondepreciable costs 

= $2,831,084 

= $346,458 

$52,666,542 

$36,390,000 

$32,810,000 
$16,276,552 

No. years 
before plant 

startup 

3 
2 
1 
0 

Construction - $ spread 
(includes interest during construction) 

E0Y 1 
E0Y 2 
E0Y 3 
E0Y 4 

0.05 FC 
0.16 FC 
0.36 FC 
0.43 

0.05 (52,666,542) 
0.16 (52,666,542) 
0.36 (52,666,542) 
0.43 (52,666,542) 

48 months 
assumed 

2,633,327 
8,426,647 

18,959,955 
22,646,613 

$52,666,542 

10% investment tax credi t (during construction) 

E0Y 1 0.005 (32,810,000) = 164,050 
E0Y 2 0.016 (32,810,000) = 524,960 
E0Y 3 0.036 (32,810,000) = 1,181,160 
E0Y 4 0.043 (32,810,000) = 1,410,830 
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Table 6.6-4. Calculation of After-Tax Cash Flows (ATCF) for the 
Coal Al ternat ive ($14.50/Ton) at 6% Annual 
I n f l a t i on , $ x lps 

EOY BTCF Deprec ia t i on^ 
Taxable 
income 

Fed and state 
taxes at 50% ATCF 

-3 -2.791 0 0 +0.174 -2.617 
-2 -9.469 0 0 +0.590 -8.879 
-1 -22.582 0 0 +1.408 -21.174 
0 -28.591 0 0 +1.781 -26.810 
1 -17.306 -1.654 -18.96 +9.48 -7.826 
2 -18.344 -1.654 -20.00 +10.00 -8.344 
3 -19.444 -1.654 -21.10 +10.55 -8.894 
4 -20.612 -1.654 -22.27 +11.14 -9.472 
5 -21.848 -1.654 -23.50 +11.75 -10.098 
6 -23.158 -1.654 -24.81 +12.40 -10.758 
7 -24.548 -1.654 -26.20 +13.10 -11.448 
8 -26.020 -1.654 -27.67 +13.84 -12.180 
9 -27.583 -1.654 -29.24 +14.62 -12.963 

10 -29.237 -1.654 -30.89 +15.45 -13.787 
11 -30.992 -1.654 -32.65 +16.33 -14.662 
12 -32.851 -1.654 -34.51 +17.25 -15.601 
13 -34.822 -1.654 -36.48 +18.24 -16.582 
14 -36.912 -1.654 -38.57 +19.28 -17.632 
15 -39.127 -1.654 -40.78 +20.39 -18.737 
16 -41.475 -1.654 -43.13 +21.57 -19.905 
17 -43.963 -1.654 -45.62 +22.81 -21.153 
18 -46.599 -1.654 -48.25 +24.13 -22.469 
19 -49.396 -1.654 -51.05 +25.53 -23.866 
20 -52.359 -1.654 -54.01 +27.00 -25.359 
21 -55.502 -1.654 -57.16 +28.58 -26.922 
22 -58.831 -1.654 -60.49 +30.25 -28.581 
22 +11.452(b) 0 +8.27 -4.14 +7.312 

^Annua l depreciation amount = $36,390,000 = $1,654,090. 

(^Return of working cap i ta l . 
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Table 6.6-5. Incremental, After-Tax Cash F l o w ^ for Nuclear 
Relative to Coal at $14.50/Ton, $ * 106 

End of End of 
.year Nuclear - coal year Nuclear - coal 

-5 -2.877 10 6.547 
-4 -15.248 11 6.867 
-3 -13.546 Unfavorable to 12 7.218 
-2 -33.953 nuclear 13 7.576 
-1 -38.758 14 7.966 
0 -11.691 15 8.371 

1 -4.356 ' 16 8.797 
2 4.546 17 9.258 
3 4.749 18 9.741 
4 4.958 19 10.254 
5 5.193 • Favorable to nuclear 20 10.811 
6 5.439 21 11.380 
7 5.690 22 11.987 
8 5.956 22 -5.592 
9 6.245 — Return of work-

ing capital 

(^Values expressed in terms of then-current-dollars. Incremental rate of 
return on extra investment in nuclear = 2.1%. 
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Table 6.6-6. Summary of Incremental Investment Rates of Return 
for Nuclear Al ternat ive Relative to Fossil 

_ _ Alternatives 

Comparison 

Nuclear 
- Coal* (at $14.50/ton) 

Nuclear 
- Coal* (at $29.62/ton) 

Nuclear 
- Coal* (at $39.17/ton) 

Nuclear 
- O i l * (at $0.33/gal.) 

6%/year 
i n f l a t i o n , % 

2.4 

11.6 

15.1 

10.0 

0%/year 
i n f l a t i o n , % 

Negative 

4.6 

8.3 

3.4 

(a) Fossil fuel prices given in 1976 dol lars. 
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Figure 6.6-1. Rate of Return on Incremental Nuclear Investment 
(6%/Year I n f l a t i on , 1982-2004 Plant Operation) 

Cost of Coal, $/T (1976) 
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7. RESULTS AND CONCLUSIONS 

The s i t ing/appl icat ion work undertaken to study the use of the PE-CNSG plant 
at the Duval sul fur mine incorporated the fol lowing tasks: 

1. Confirm extension of reactor power level from 314 to 365 MWt. 

2. Assess s i te acceptabi l i ty . 

3. Ident i fy process safety and operating res t r i c t i ons . 

4. Evaluate reactor plant economics for a speci f ic process application at 
an exist ing industr ia l s i te . 

The results and conclusions are summarized below. 

7.1. Si t ing 

Section 3 covers s i te iden t i f i ca t ion arid evaluation, and section 4 discusses 
some aspects of plant relat ionship to the s i te . Seismically, the plant would 
be located in a region of re la t i ve ly inactive seismic ac t i v i t y (the Permian 
cap). There is no clear deta i l as to the structural geology of the s i t e , and 
a thorough, engineering-geological investigation would be necessary before 
s i t i ng approval. Type and so lub i l i t y of rock indicate that some subsurface 
solution subsidence could exist in which case s i te s tab i l i za t ion work would 
be required. Mining subsidence exists in the sul fur extraction area, but the 
selected plant location is well removed from possible mining subsidence e f -
fects (Figure 4.3-6). Although some indications of fau l ts have been observed, 
there is no known indicat ion of active or capable fau l ts . No population den-
s i t y or accident dose-to-man s i te l imi tat ions were ident i f ied . 
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7.2. Interface Design 

Plant cooling water and water for mining process consumption is supplied by 
pipel ine from deep wells located about 36 miles from the s i te and is stored 
in a reservoir at the s i te . Since the raw water has high, to ta l dissolved 
solids and hardness character is t ics, i t must be treated pr ior to use in the 
te r t i a ry system. A reverse osmosis (RO) treatment system was incorporated to 
accomplish th i s . In addit ion, a standby heat sink must be available for nu-
clear regulatory considerations. To ensure seismic acceptabi l i ty , a small 
cooling tower was incorporated into a plant design. 

Onsite, fu l l -capac i ty , e lec t r i c power requirements are estimated at 11.5 MW. 
Power for onsite process and f a c i l i t y needs w i l l be produced from the reactor, 
but capacity for the reactor and nuclear balance of plant w i l l be supplied 
from an o f f s i t e u t i l i t y gr id for necessary r e l i a b i l i t y and redundancy. Onsite 
power w i l l be used for backup. New transmission l ines and switchyard are pro-
vided in the design to supply o f f s i t e power needs. 

The nuclear and process systems are interfaced through a te r t i a ry loop designed 
with reboi lers, as well as exist ing heat exchanger un i ts , to provide the re-
quired 325F water. Separation of the nuclear and process systems and opera-
t ional f l e x i b i l i t y has been provided to maintain appropriate separation under 
d i f f e r ing fa i l u re modes. Barriers to the release of rad ioact iv i ty include 
fuel cladding, each of twelve steam generators (any of which can be isolated 
to eliminate tube leakage sources), reboi lers, and f i n a l l y feedwater heaters 
to supply heated process water. The design has provided su f f i c ien t reboi ler 
surface to permit operation to continue with a reboi ler un i t out for repair . 
Since radioact iv i ty leakage can be monitored and isolated through either the 
nuclear steam system steam generators or the t e r t i a r y loop reboi lers, s u f f i -
cient operational f l e x i b i l i t y exists to ensure clean, nonradioactive water 
to the process. 

Tert iary loop design provides for excellent water chemistry control to mini-
mize tube corrosion in the steam generator modules and the reheaters, iso-
la t ing both from poor-quality water and the poss ib i l i t y of inleakage of such 
water to the systems protected by these barr iers. The t e r t i a r y loop design 
represents a conservative design known to be adequate and sat isfactory for 
nuclear plant operation but not necessarily optimized economically. In 
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par t icu lar , the poss ib i l i t y of replacing reboilers with an .automated control 
and iso la t ion system might influence posi t ive ly overall nuclear economics. 
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7.3. Economics 

Nuclear plant economics must compete with available foss i l fuels ( in th is 
case coal) or possibly o i l as a replacement energy source for natural gas. 
Nuclear fuel costs are much lower than comparable foss i l fuel costs, but the 
capital investment required in plant is much greater. In the interval be-
tween the s tar t of the i n i t i a l PE-CNSG economics study and th is application 
study, nuclear fuel costs rose due to high uranium oxide ore cost and higher 
separative work uni t (enrichment) costs. The higher values are ref lected 
herein. Reestimates of nuclear plant and balance-of-plant capital costs were 
also raised somewhat. 

The cost comparison between the nuclear and coal- f i red options has projected 
an 11 to 15% rate of return on equity for the incremental capital investment 
required by the nuclear plant for coal prices ranging from approximately $30-
$40/ton ($1976). The return on equity would be greater i f some of the invest-
ments were financed with bonds rather than with equity only; however, Duval's 
budgeting c r i t e r i a customarily consider only equity financing. Coal prices 
are d i f f i c u l t to forecast due to uncertainties in demand, supply, and trans-
portation costs; however, under present conditions i t appears unl ikely that 
coal prices would r ise su f f i c ien t ly to produce a rate of return in excess of 
15% for the nuclear plant incremental capital investment. From the view-
point of the Duval Corporation, a 12-15% rate of return might be appropriate 
for an investment involving average r isks and uncertainties. Duval feels 
that a higher y ie ld would be required to make a nuclear project a t t rac t ive 
(a high-risk investment in Duval's eyes). The uncertainties relate pr i -
marily to l icensing and project schedule issues rather than to technical 
questions. Numerous nuclear generating projects have experienced unantici-
pated delays, and i t is to be expected that this experience would be a source 
of major concern to potential industr ia l users of nuclear energy. 

Oil is another al ternat ive for fue l . This option requires minimal capital 
expenditures in comparison to coal or nuclear. I f industr ia l fuel o i l re-
mains available at about $14/barrel ($1976), the o i l - f i r e d energy supply is 
at t ract ive re lat ive to nuclear power. 

Therefore, i t is concluded that under present circumstances, fur ther study 
of the CNSG industr ia l reactor application at the Culberson County s i te does 
not appear to be warranted. However, i t may become worthwhile to reexamine 
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the prospects for the nuclear option i f some of the underlying economic c i r -
cumstances should change. For example, i f new tax incentives become ava i l -
able to encourage capi ta l investment in new industr ia l energy sources, i f 
the cost of burning coal was to r ise ( for example due to more s t r i c t environ-
mental regulat ions), or i f the prices of fuels were to r ise at a rate s ign i f -
icant ly greater than the prevai l ing i n f l a t i on rate, the economics of the nu-
clear option could become more a t t rac t ive . 
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APPENDIX A 
PE-CNSG Component and 
System Descriptions 
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1. Component Design 

Reactor Vessel and Closure Head — The reactor vessel (Figure 4.4-1) contains 
the pressurized, moderator-coolant water and supports and houses the reactor 
core .support assembly, control rod guide and core holddown assembly, FAs, up-
per plenum assembly, ver t ica l primary coolant pumps, pump d i f fusers , steam 
generator and steam generator mixer box assembly, control rod assemblies, and 
reactor control and safety-related instrumentation. 

The reactor vessel consists of a cy l indr ica l she l l , a spherical ly dished bot-
tom head, and a r ing flange to which the spherically dished reactor closure 
head with four ver t ica l pump nozzles is bolted. The vessel shell material is 
protected from fast neutron f lux and gamma heating effects by a water annul us 
and a stainless steel shell located between the reactor core and the vessel 
wal 1. 

The reactor coolant is contained wi th in the reactor vessel, the pressurizer, 
and the MU&P. The coolant passes up through the core, turns at the top of 
the upper plenum, flows through the primary pump into the steam generator 
tubes, moves down the annul us between the core barrel assembly and vessel in-
side wa l l , and then turns up through the core support assembly. 

The vessel has 12 coaxial steam/feedwater nozzles located on the vessel side 
wall jus t below the vessel flange. A pipe passes through each nozzle in which 
feedwater passes to the bottom of the steam generator. As feedwater passes up 
over the outside surface of the steam generator tubes, s l i gh t l y superheated 
steam is produced, which then exi ts the reactor vessel through the annulus 
provided by the coaxial steam/feedwater nozzle. Smaller nozzles located 
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between the vessel flange and the steam/feedwater nozzles serve as in le ts for 
MU&P, DH cooling, and emergency cooling water in ject ion. Two small nozzles 
are provided between the vessel flange and the steam/feedwater nozzles to 
serve as the surge and spray connections to the pressurizer. In addit ion to 
the four primary coolant pumps, the closure head is penetrated by 17 flanged 
nozzles to which are attached the CRDMs. There are also six RTD nozzles for 
instrumentation for core out let temperature measurement. The bottom head of 
the vessel is provided with instrumentation nozzles. 

The reactor vessel is supported ve r t i ca l l y by a s k i r t welded to a forged 
dutchman between the lower shell course and head. 

Lugs are welded (Inconel weld buildup) to the vessel inside wall near the bot-
tom of the steam generator to provide support for the steam generator out le t 
mixer box assembly. Keys are welded (Inconel weld buildup) to the vessel in-
side wall at the same elevation as the lugs to or ient the mixer box assembly 
and to provide la tera l support for the core support structures. The core sup-
port assembly is supported ve r t i ca l l y from weld pads on the bottom head of the 
reactor vessel. 

Two concentric metal l ic seals provide the pressure in tegr i t y seal between the 
reactor vessel and closure head flanges. The CRDM flanges are sealed by con-
centr ic metal l ic seals. A high-pressure leakoff and drain tap is provided at 
the annulus between a l l concentric seals. 

Surveillance specimens made from the reactor vessel shell material are located 
between the reactor vessel wall and the core barrel . These specimens w i l l be 
examined per iodical ly to evaluate NDTT. The surveil lance program w i l l be used 
for the f i r s t CNSG uni t to confirm that there are no NDTT problems. 

Steam Generator — The steam generator (Figure A- l ) consists of 12 cy l i nd r i -
cal modules (operating in paral le l ) ins ta l led in the annular space between the 
control rod guide and core holddown structures and the inner surface of the 
reactor vessel. Each module comprises a cy l indr ica l shell with tubesheets 
welded to each end. The heat transfer surface is the tubes welded between 
the tubesheets. The steam generator uses the once-through concept with shel l -
side boi l ing producing superheated steam. Steam generator performance charac-
te r i s t i cs are shown in Table 4.4-2. 
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Reactor coolant is circulated by pumps down through the tubes of each module 
and up through the reactor core. Feedwater enters and steam leaves each mod-
ule through a coaxial pipe arrangement near the top of each module. 

Feedwater enters the steam generator modules through the inner coaxial pipe 
and sprays into the top end of a tr iangular downcomer, which is open at each 
end and extends to near the bottom tubesheet of each module. In the downcomer 
steam is mixed with the subcooled feedwater to raise i t s temperature to satura-
t ion before i t enters the tube bundle. Saturated feedwater flows up through 
the bundle, boi ls to dryness, and is superheated before leaving through the 
outer pipe of the coaxial arrangement. A port ion of the steam, the amount de-
pending on load and feedwater temperature, is recirculated through the down-
comer. • 

Spacer grids and baff les inside each module support the tubes. They are de-
signed to provide optimum heat transfer and pressure drop performance and to 
prevent tube v ibrat ion that could damage the tubes. 

Each module is supported by the steam nozzle pipe that is welded between i t 
and the wall of the reactor vessel. Lateral support i s provided at the bot-
tom end of each module. This support and an aux i l iary support at the top end 
also serve to restra in the modules in the event of steam nozzle fa i l u re . 

During normal operation the shell side of each module is f i l l e d with feedwater 
and steam. The inside of the tubes and the external surface of each module 
are in contact with primary coolant. The steam generator is located above the 
core to reduce the radiat ion from the reactor core, thereby reducing N-16 
generated in the secondary coolant. This also minimizes the effects of i r -
radiat ion on material properties. 

The steam generator modules consist of shel ls , tubesheets, tubes, spacer grids 
and baf f les , vent and drain l ines , and a downcomer. The feedwater spray noz-
z le , although funct ional ly a part of the steam generator, is considered a part 
of the feedwater inlet/steam out le t adapter. This adapter piece is bolted to 
the outside surface of the reactor vessel and forms the connections and flow 
paths between the steam generator and the reactor vessel and the feedwater, 
steam, vent, and drain l ines. 
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Pressurizer and Pressurizer Surge and Spray Lines - The pressurizer (Figure 
A-2) is a ve r t i ca l , cy l indr ica l pressure vessel connected to the reactor 
vessel by a surge l ine from i t s bottom head and a spray l i ne from i t s top head. 
The functions of the pressurizer are to establish and maintain RCS pressure 
and to provide the surge volume and reserve water for accommodating volume 
f luctuat ions in the system during operation, startup, and shutdown. 

The pressurizer contains steam and water maintained at saturated conditions 
by e lec t r ic immersion heaters located in the side section of the vessel and 
the water spray nozzle located in the vessel upper section. Pressurizer out-
surges caused by contraction of the reactor coolant decrease the pressurizer 
pressure; some of the saturated water in the pressurizer flashes to steam, 
thus l im i t i ng the pressure decrease. The e lec t r ic heaters are actuated to re-
store normal operating pressure. Pressurizer insurges caused by expansion of 
the reactor coolant increase the pressurizer pressure. The pressure increase 
is l imited by water spray, which condenses some of the steam in the pressur-
izer. Spray flow and the e lec t r ic heaters are control led automatically by a 
pressure contro l ler during normal operation. 

The surge l ine connects the pressurizer and the reactor vessel. I t contains 
water at the system pressure during normal operating condit ions. By connect-
ing the pressurizer and the reactor vessel, the l ine conveys the pressurizer 
pressure to the coolant system to account for f luctuat ions in the reactor 
vessel primary coolant operating pressure and transmits the pressurizer in-
surges and outsurges when the reactor coolant expands and contracts. 

The spray l i n e , connected between the pressurizer and the reactor vessel, 
transports reactor coolant to the pressurizer steam space as necessary for 
RCS pressure control . 

2. Core Configuration 

The core comprises 57 FAs containing s l i gh t l y enriched U02. I t is arranged 
on a square l a t t i c e pitch to approximate the shape of a cyl inder (Figure 
A-3). 

Fuel assemblies consist of fuel rods positioned in a square pitch array by a 
structural cage made up of end f i t t i n g s , control rod guide tubes, incore in-
strumentation tubes, and spacer grids. The fuel rods are held in place 
la te ra l l y by spacer gr ids. The control rod guide tubes provide the st ructura l 
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t i e between the upper and lower end f i t t i n g s , and the spacer sleeves on the 
instrumentation tube provide the ver t ica l location of the spacer grids. 

Cluster-type CRAs in conjunction with boric acid are used for reac t iv i t y con-
t r o l . Each CRA has stainless steel-clad neutron absorber rods coupled by a 
stainless steel spider to a common drive shaft . The cladding carries operat-
ing loads caused by control rod motion. 

The CRA is inserted through the upper end f i t t i n g of the FA. The CR guide 
tubes included in the fuel assembly and guides in the plenum assembly provide 
fu l l - l eng th guidance of the CR. 

Fuel assemblies at core positions not requiring CRs w i l l contain an LBP rod 
assembly or an ORA according to requirements of the fuel management scheme. 
Neutron sources are inserted at appropriate locations in vacant CR guide tubes. 

Fuel Assembly — The fuel assembly (Figure A-4) proposed fo r the PE-CNSG de-
sign is basical ly a shortened central stat ion Mark B FA. Table A-1 shows a 
comparison between the Mark B FA and the PE-CNSG FA. Table A-2 l i s t s per-
t inent FA components, materials, and dimensions for the CNSG-FA. 

The FA consists of pressurized FRs and LBPRs, 16 control rod guide tubes, an 
instrumentation tube, s ix spacer gr ids, and two end f i t t i n g s . The guide tubes, 
spacer gr ids, and end f i t t i n g s form a structural cage to arrange the rods and 
tubes in a 15 by 15 square pi tch array. The center posit ion in the assembly 
is reserved for the instrumentation tube. 

The FRs are held in place l a te ra l l y by spacer gr ids. The CR guide tubes pro-
vide the structural t i e between the upper and lower end f i t t i n g s , and the 
spacer sleeves on the instrumentation tubes provide the ver t ica l location of 
the spacer grids. Any FA can accommodate either a CRA, LBPRA, or ORA. 

The guide tubes are r i g i d l y attached to the upper and lower end f i t t i n g s . To 
accommodate axial length changes in the FR caused by i r rad ia t ion growth and 
potential pel let-c ladding in teract ion, adequate clearance has been allowed 
between the FRs and the FA end f i t t i n g s . The use of s imi lar material in the 
guide tubes and FRs also results in minimum d i f f e ren t i a l thermal expansion. 

The FA is indexed to the upper gr id plate and the lower gr id using dowel in-
dexing. The upper end f i t t i n g receives the two dowels in the upper core gr id 
p late, and the lower end f i t t i n g receives the two dowels in the lower core 
gr id plate. 
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Upper End F i t t ing - The upper end f i t t i n g positions the upper end of the FA 
in the upper core grid plate structure and provides a means for coupling the 
handling equipment. Penetrations in the upper end f i t t i n g gr id are provided 
for the guide tubes and to permit coolant flow d i rec t l y out of the upper end 
of the FA. 

Lower End F i t t ing - The lower end f i t t i n g positions the FA in the lower core 
gr id plate. I ts gr i l lage provides a support surface for the bottom end of the 
FRs. Penetrations in the lower end f i t t i n g are provided for attaching the CR 
guide tubes, for access to the instrumentation tube, and to permit coolant 
flow d i rec t ly into the bottom of the FA. 

Spacer Grids - Spacer grids are constructed from str ips that are slot ted and 
f i t t e d together in an "egg-crate" fashion to form the 15 by 15 l a t t i c e . TIG 
welding is used to j o in the punched str ips together to form a high-strength 
yr id capable of withstanding normal and accident loads. The square ce l ls 
formed by the interlaced st r ips provide support for the fuel rods in two per-
pendicular directions through contact points on each wall on each ce l l . The 
contacts are in the form of protruding dimples, which are in tegra l ly punched 
from the str ips on the walls of each square opening. On each of the two end 
spacer gr ids, the peripheral s t r i p is extended and mechanically attached to 
the respective end f i t t i n g . 

A unique feature of the B&W spacer grid is that the ce l l fuel rod contact 
points are held open with removable keys during fuel rod loading into the 
grids. Thus, the rods can be f reely inserted into the assembly without de t r i -
mental scratching of the cladding surface. An important character ist ic of the 
spacer gr id is that i t is not mechanically attached to the CRA guide tube as 
is the case with other designs. Consequently, the gr id is free to ax ia l l y ad-
j us t as the FRs and guide tubes undergo re la t i ve ly d i f fe ren t rates of thermal 
expansion and i r rad ia t ion growth. This reduces scratching of the FR surface. 
The end grids are r i g i d l y attached to the end f i t t i n g s through a peripheral 
s k i r t , providing a s t ructura l ly sound assembly. 

Control Rod Guide Tube — The Zircaloy guide tubes provide continuous guidance 
for the CRAs when inserted in the FA and provide the structural cont inui ty 
for the FA. These tubes also serve as a channel for ORAs where LBPRAs are 
not inserted. The guide tubes are mechanically fastened to both the upper 
and lower end f i t t i n g s . Transverse location of the guide tubes is provided 
by the spacer grids. 1 
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Instrumentation Tube — The Zircaloy instrumentation tube serves as a channel 
to guide, posi t ion, and contain the incore instrumentation with the FA. The 
instrumentation probe is guided up through the lower end f i t t i n g to the de-
sired core elevation. I t is retained ax ia l ly at the. lower end f i t t i n g . Spacer 
sleeves on the instrumentation tube provide for ver t ica l location of the spacer 
gr ids. 

Spacer Sleeves — The spacer tubes f i t around the instrument tube between spacer 
grids and r e s t r i c t axial movement of the spacer grids. 

Fuel Rod - The fuel rod (Figure A-5) consists of fuel pe l le ts , the cladding, 
fuel support components, and end caps. Table A-2 l i s t s pertinent fuel rod 
components, materials, and dimensions. A unique feature of the FR is that 
there are f l ex ib le spring spacers located both above and below the pe l le t 
stack. This becomes par t icu lar ly important in the event that a pe l le t becomes 
lodged somewhere along the stack height. Should th is occur, the lower spring 
w i l l accommodate fuel expansion in the downward d i rec t ion , thus s ign i f i can t l y 
reducing cladding st ra in. Under normal operating conditions fuel expansion 
w i l l be in the upward direct ion because of the more f l ex i b l e nature of the 
upper spring. 

The spring spacers further serve to separate the fuel stack from the end caps 
and maintain the pe l le t stack in place during shipping and handling. 

Zircaloy spacers are located between the fuel pel lets and the spring spacers 
to thermally insulate and separate fuel pel lets from the spring spacers and 
end caps. 

j 
Fission gas generated in the fuel is released into voids, the radial gap be-
tween the pel lets and the cladding, and into void spaces at the top and bottom 
ends of the fuel rods. 

1. Fuel Pel let 

The pel lets are manufactured by cold-pressing, enriched U02 powder into cy l in -
ders with.end dishes and chamfers and then sinter ing to obtain the desired 
density and microstructure. Af ter s in ter ing, the pel lets are center!ess-ground 
to the required diametral dimensions. 

Principal design parameters are as fol lows: 
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Pel let diameter, mm ( i n . ) 
Density, % TD 
Active fuel stack height, mm ( i n . ) 

9.347 (0.368) 
94 

1829 (72) 

The design parameters are selected to minimize cladding strains that could re-
su l t from the fol lowing causes: 

a. Axial s t ra in of the cladding due to thermal expansion of the pe l le t 
column. 

b. Radial pel let-cladding interactions resul t ing from "r idging" or "hour-
glassing" due to thermal expansion of individual pel le ts . 

c. The ef fect of irradiation-induced swell ing superimposed on the thermal 
effects of a and b above, par t icu lar ly toward the end of l i f e of the fuel . 

The dish, chamfer, and L/D dimensions are optimized with respect to thermal, 
stress, and manufacturing requirements. Both the dish and L/D are optimized 
between the need to reduce axial expansion (larger dish, larger L/D) and the 
need to minimize r idging ( l imi ted dish, smaller L/D). The chamfer and L/D 
are set to minimize ridging and to allow free axial motion of pe l le t column 
during both rod loading and reactor operation. 

The density and microstructure are designed to minimize the e f fec t of densi-
f i ca t ion while l im i t ing the subsequent ef fects of both radial and axial fuel 
swelling. The i r rad ia t ion swelling data used were generated by Bett is Atomic 
Power Laboratory. 

2. Cladding 

The cladding is Zircaloy-4 tubing. The pr incipal design features are as f o l -
lows : 

The cladding OD is a primary parameter determined by the overal l thermal-hy-
draulic design of the reactor. The cladding is subject to a var iety of sus-
tained and cycl ic stresses resul t ing from the fol lowing: 

a. External hydrostatic pressure. 
b. Increasing internal pressure. 
c. Di f ferent ia l thermal expansion and i r rad ia t ion growth between the cladding 

and the pe l le t column. 

Outside diameter, mm ( in . ) 
Thickness, mm ( i n . ) 
Hydride or ientat ion 

10.922 (0.43) 
0.673 (0.026) 

Predominantly circumferential 
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Stress analyses conservatively incorporate the effects of thermal gradients 
across the claddin'j. The FR is designed so that the stress intensi ty does not 
exceed two-thirds of the minimum specif ied y i e l d strength. The tota l cladding 
st ra in is l imi ted to 1% plast ic s t ra in and 0.4% elast ic s t ra in . 

Cumulative fat igue damage is determined for conservative estimates of power 
cycling of the material. 

The cladding thickness is optimized between the need for good heat transfer 
characterist ics and the requirements for adequate strength. The FR is pres-
surized in terna l ly to retard the cladding from creeping down into the fuel 
and to help prevent creep collapse. To set th is pressurization level , several 
analyses are performed to determine the internal pressure at the end of the FR 
l i fe t ime and the collapse characterist ics of the in terna l ly pressurized FR. 
The retardation of cladding creep helps to increase the cladding fat igue l i f e . 

The cladding hydride or ientat ion, being predominantly circumferent ial , pro-
vides increased strength and d u c t i l i t y in the circumferential and axial direc-
t ions. Thus, cladding resistance to pel let-cladding interact ion strains is 
substantial ly enhanced. 

3. Reactivity Control 

Reactivity is control led through the use of CRAs, soluble boron, and LBPRs. 
In FAs that contain neither a CRA nor a LBPRA, ORAs are used to r e s t r i c t by-
pass flow. 

Control Rod Assembly 

The CRA has 16 CRs, a stainless steel spider, and a female coupling. The 16 
CRs are attached to the spider by a nut threaded to the upper shank of each 
rod. After assembly, a l l nuts are lock-welded. The CRDM is coupled to the 
CRA by a bayonet-type connection. Ful l - length guidance is provided by the CR 
guide tube of the upper plenum assembly and by the FA guide tubes. The CRAs 
and guide tubes are designed with adequate f l e x i b i l i t y and clearances to per-
mit freedom of motion wi th in the FA guide tubes throughout the stroke. 

Each individual CR has a section of neutron absorber material composed of B̂ C 
pe l le ts . These pel lets are clad with cold-worked type 304 stainless steel . 
End pieces are welded to the tubing to form a water- and pressure-t ight con-
tainer for the absorber material . The stainless steel tubing provides the 
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structural strength of the CRs and prevents corrosion of the absorber mater ial . 
A spring spacer simi lar to that in the fuel rod is used to prevent absorber 
motion wi th in the cladding during the shipping and handling and to permit d i f -
ferent ia l expansion in service. 

Principal data pertaining to the CRAs are shown in Table A-3. 

Lumped Burnable Poison Rod Assembly 

Each LBPRA has burnable poison rods and a stainless steel spider. The LBPRs 
are attached to the spider. The assembly is inserted into the FA guide tubes 
through the upper end f i t t i n g . 

Each LBPR has a section of sintered A l ^ - B ^ C pel lets which serve as burnable 
poison. The poison is clad with cold-worked Zircaloy-4 tubing with Zircaloy-4 
upper and lower end pieces. The end pieces are welded to the tubing to form 
a water- and pressure-tight container for the absorber material. The Zircaloy-
4 tubing provides the structural strength of the BPRs. Pertinent data on the 
BPRAs are shown in Table A-4. Except for the subst i tut ion of AI2O3-B4C 
pel lets for B,.C pel lets and Zircaloy cladding for stainless steel cladding, 
the BPRA is geometrically s imi lar to the CRA. 

Or i f ice Rod Assembly 

The ORA l im i ts bypass flow through empty guide tubes. Pertinent data on the 
ORAs are shown in Table A-5. Each ORA has 16 o r i f i c e rods and a stainless 
steel spider and is s imi lar to the CRA except that the stub stainless steel 
rods replace the CRs. 

Neutron Sources 

Primary neutron sources encapsulated in stainless steel are provided for i n i -
t i a l startup. The present design is based on the use of two 2-Ci cal i fornium-
252 source capsules. However, alternate types of source materials having more 
desirable nuclear character ist ics may be used i f they are avai lable. The p r i -
mary startup sources are inserted into vacant CR guide tubes. 

4. Fuel Cycle 

The PE-CNSG fuel cycle is based on four-batch refuel ing. On the average, one 
fourth of the core is replaced every refuel ing, which is once every 12 months. 
Therefore, except for those in the f i r s t core, every FA is i r radiated fo r four 
cycles. The i n i t i a l fuel loadings are given in Table A-6. 
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There are four enrichment zones in the i n i t i a l core. Those FAs in the lowest 
enrichment zone are i r radiated for only one cycle, while those in the next-to-
the-lowest zone are i r radiated for two cycles, etc. At each refuel ing the FAs 
are shuff led to d i f fe rent positions in the core so that each assembly w i l l be 
subjected to about the same amount of i r rad ia t ion in order to achieve a f l a t t e r 
power d is t r ibu t ion . The LBPRAs are replaced every refuel ing and are used to 
improve fuel performance by helping shape the core power d is t r ibut ions and en-
sure a negative moderator coef f ic ient at BOL. 

The subsequent cycles require on'iy one feed enrichment. This fresh fuel is 
put in the outer portion of the core where i t .helps to increase the power pro-
duced in those assemblies. The reload enrichments are given in Table A-6, 
assuming that each subsequent cycle w i l l be the same. Suf f ic ient f l e x i b i l i t y 
exists to accommodate an unscheduled change in the capacity factor.. A cycle 
that is longer than scheduled can be achieved by coastdown, which is a process 
where the core is operated past EOL but is forced to operate at an ever-de-
creasing power level . The extra burnup extracted by coastdown w i l l shorten 
the subsequent cycle by approximately two th i rds of the full-power-day exten-
sion. 

5. Reactor Internals 

Reactor vessel internals include the core support assembly, the core barrel 
assembly, the upper plenum assembly, and the control rod guides and core hold-
down assembly. The reactor internals arrangement in the vessel is shown in 
Figure 4.4-1. 

The internals support the core both ve r t i ca l l y and horizontal ly and d i rect and 
d is t r ibute coolant through the core and steam generator. They also maintain 
FA alignment, l i m i t FA movement, and maintain control rod alignment. A rod 
retention cylinder is included in the internals to l i m i t the rate of control 
rod withdrawal in the unl ikely event of a complete CRDM housing fa i l u re . The 
internals are designed to accomplish the i r functions without applying excessive 
stress concentrations to the vessel wall and without producing vibrations that 
could cause system damage. A l l internal components can be removed for inspec-
t ion . 

The PE-CNSG u t i l i zes a bottom-supported core. The weight of the core and core 
barrel and the FA spring reaction force are transmitted through the core 
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support cylinder to the lower head of the reactor vessel. The control rod 
guide and core holddown assembly are used to counteract the upward force of 
the FA springs. The difference in thermal expansion between the reactor in-
ternals, the steam generator, and the reactor vessel is provided for by an ex-
pansion j o i n t between the upper grid plate and the core barrel . The upper 
grid plate is free to move ax ia l ly against the FA springs, and the core barrel 
is free to move ax ia l ly re la t ive to the steam generator support plate. An ad-
di t ional expansion j o i n t is provided at the pump in le t to allow the internals 
holddown plate to move re la t ive to the pumps during transient operation. 

The PE-CNSG internals support the s ta t ic loads of the core and the added loads 
imposed by the ef fect of seismic exci tat ion. These loads are transmitted to 
the pressure vessel at three locations: the lower head, the steam generator 
support, and the upper vessel flange. The internals are also designed to 
withstand the dynamic loads result ing from the coolant flow and the v ibrat ion 
loads imposed by such external sources as the auxi l iary equipment. 

Core Support Assembly 

The core support assembly consists of a lower gr id plate, support r i b s , a flow 
d is t r ibutor p late, and a support cyl inder. The weight of the core is trans-
mitted through the gr id plate to a support cylinder and onto the lower head. 
The design provides for thermal expansion between the cylinder and lower head. 
The flow d is t r ibu to r plate has holes of various sizes to ensure that flow is 
properly d ist r ibuted to each FA. 

Core Barrel Assembly 

The core barrel assembly surrounds the core, directs the coolant through i t , 
and takes side loads due to FA def lect ion. These side loads are transmitted 
to the vessel wall through the previously discussed horizontal supports. 

Control Rod Guide and Core Holddown Assembly 

This assembly comprises the CR extension guide assemblies and the support 
structure necessary to transfer < -ve loads to the upper head of the reactor 
vessel. Also included in the CR guide and core holddown assembly are the 
upper gr id plate, the CR extension shafts, the upper plenum cover, the CR re-
tention cyl inders, and the t r i p springs. 
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The upper internals are loaded in compression by the force of the FA holddown 
springs. This force is counteracted by the upper internals and the d i f feren-
t i a l created by coolant f low. The vert ical loads are transmitted between the 
upper grid plate and the upper plenum cover by the cyl inders. Horizontal 
loads are transmitted to the vessel wall at the lower steam generator support 
and at the upper head flange. 

Flow Distr ibutor 

A flow d is t r ibutor plenum located at the top of the steam generators d i s t r i -
butes the output of the four coolant pumps to the twelve steam generator mod-
ules. A flow mixer located below the steam generators prevents hot streaks of 
coolant from reaching the core in the event that one or more steam generator 
modules are shut down. 

6. Reactor Coolant Pumps 

Four primary coolant pumps are mounted on the reactor vessel head. The RC 
pumps c i rculate the primary coolant between the core and the steam generator 
contained in the reactor vessel. The RC pumps are ve r t i ca l , single-stage, 
single-suct ion, constant-speed mixed-flow pumps. They are glandless devices 
with no mechanical seal between the pump and motor. A view of the pump/motor 
is shown in Figure A-6. The pump consists of the fol lowing components: 
motor vessel, motor, shaf t , impeller, thermal bar r ie r , and d i f fuser . The pump 
is cooled by an external heat exchanger. 

The pump motor is a three-phase, four-pole, squirrel-cage induction motor 
nominally rated at 1800 rpm when supplied with 2300-V, 60-Hz ac. The motor, 
which is an integral part of the pump, incorporates a number of special fea-
tures. The primary components of the motor are a stator assembly, a terminal 
assembly, a rotor assembly, one radial bearing, and one radial bearing-thrust 
bearing combination. 

The main impeller is a conventional mixed-flow device and has seven equally 
spaced vanes. I t is designed for counterclockwise rotat ion as viewed from the 
stator cap end. 

Tht? thermal barr ier located between the pump/motor and hydraulic parts reduces 
heat flow from the d i f fuser in to the pump/motor cavi ty. The thermal barr ier 
separates the primary water system from the lower-temperature internal water 
system. 
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The pump di f fuser contains the main impeller and vanes designed to straighten 
and slow the flow. B&W is developing a d i f fuser system design as part of the 
pump test program for the maritime CNSG. This type of pump is used in small 
reactors in England and is being b u i l t for future use in Swedish reactors. 

]_. Control Rod Drive Mechanism 

The CRDM comprises a motor tube assembly, a lower mechanism assembly, and a 
leadscrew and extension assembly (Figure A-7). The motor tube houses a 
rotor assembly and is closed on the upper end with a closure and vent assembly. 
I t is part of the primary pressure boundary. An external motor stator sur-
rounds the motor tube. Position indicators are arranged outside the upper ex-
tension of the tube. The CRD output element is a non-rotat ing, t ranslat ing 
leadscrew coupled to the control rod. The screw is driven by separating, ant i -
f r i c t i o n r o l l e r nut assemblies attached to segment arms and magnetically ro-
tated by the motor stator located outside the pressure boundary. Stator cur-
rent causes the separating ro l l e r nut.assembly halves to close and engage the 
leadscrew. Mechanical springs disengage the ro l l e r nut halves from the screw 
in the absence of current. For rapid insert ion the nut halves separate and 
release the leadscrew and control rod. A hydraulic snubber at the end of the 
housing decelerates the CRA to a slow speed near the f u l l - i n posit ion. 

Design features of the drive include the fol lowing: 

1. A fast t r i p response whenever e lect r ica l power to the stator is i n te r -
rupted. 

2. Exclusive use of s tat ic- type seals. No rotary or dynamic seals are used. 
3. A leadscrew coupling design that provides easy attachment of the leadscrew 

to the extension rod from a posit ion external to the reactor. 
4. Electr ical components mounted outside the primary pressure boundary for 

protection and ease of maintenance. 

During normal operation the drive is used to raise, lower, or maintain the 
posit ion of the CR within the reactor in response to e lec t r i ca l signals from 
the CRDM control system. The control system provides sequential ly programmed 
d-c input to six stator windings. Three of the six windings are energized at 
a time to produce a rotat ing magnetic f i e l d . This magnetic f i e l d is coupled 
to a four-pole ro tor , forming a four-pole, reluctance-type dr ive motor. 

The rotor assembly is s p l i t so that when the stator is energized, the rotor 
assembly segment arms pivot to mechanically engage the r o l l e r nuts with the 
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leadscrew threads. As the stator co i ls are sequenced, the rotor rotates in 
steps to new posit ions. There are six mechanical steps for each e lec t r ica l 
revolution. Two e lec t r ica l revolutions resul t in one mechanical revolut ion. 

The drive is designed to t r i p when called for by the RPS or on any loss of 
e lect r ica l power. The t r i p signal from the protection system interrupts power 
to a l l CRDM stators. During such a power loss the rotor assembly segment arms 
pivot releasing the mechanical contact between the ro l l e r nut and the lead-
screw. The CRs are then inserted into the core to the f u l l - i n posit ion by the 
force of gravi ty. A hydraulic snubber is located in the bottom to decelerate 
the CRs before the mechanical stop is reached. A t r i p may be i n i t i a t ed manu-
a l l y at the control console or the hot and cold shutdown panel, automatically 
by the reactor protection system or inherently through a loss of power to the 
stator . The l a t t e r feature makes the system fa i l - sa fe in the event of to ta l 
power loss. 

Motor Tube 

The motor tube assembly is the main structural support for a l l components of 
the mechanism except the lower mechanism assembly. The motor tube, which is 
also the primary pressure boundary, w i l l be designed and fabricated in accor-
dance with the requirements of the ASME Code, Section I I I . 

Closure and Vent Assembly 

The upper er.d of the motor tube is closed by an insert closure assembly con-
taining a vapor bleed port and vent valve. The vent valve and the insert 
closure have double seals. The insert closure is retained by a closure nut 
threaded to the inside of the motor tube. The sealing load for the closure 
is applied by jackscrews threaded through the closure nut. 

Lower Mechanism Assembly 

The lower mechanism assembly is assembled as a un i t , lowered into the reactor 
vessel head, and bolted to the reactor head nozzle. The major components of 
th is assembly are the assembly housing and a thermal barr ier and leadscrew 
guide bushing to reduce the temperature in the r o l l e r nut area and to support 
the lower end of the leadscrew. 
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Rotor Assembly 

The rotor assembly operates completely immersed in primary water wi th in the 
pressure boundary and is designed to operate with no other lubr icant . The 
principal parts of the rotor assembly are the rotor tube, two segment arms, 
four pivot pins, four r o l l e r nut assemblies, thrust bearings, a radial bear-
ing, a synchronizing bearing, four compression springs, a rotat ional stop, a 
thrust bearing reta iner , and two rod retention pawls. 

The central structural support of the rotor assembly is the rotor tube, which 
is hollow to allow axial passage of the leadscrew. I t also provides the sup-
ports for the pivots of the rotor segment arlms. A thrust bearing is mounted 
at the lower end, and the radial and synchronizing bearings are mounted on 
the upper end of th is tube. The thrust bear 
rotor nut assembly when i t is instal led in t 

ing and radial bearing support the 
ie motor tube. 

The rotor segment arms are attached by pivot pins to the rotor tube. The arms 
upper portions of the two arms 

ro tor . The lower portions of the 
rotate with and pivot on the rotor tube. Th< 
are designed to form a four-pole col lapsible 
arms each contain two r o l l e r nut assemblies tyhich, when the stator is energized, 
engage with the leadscrew threads. 

Energizing the stator causes the upper port ici 
pulled rad ia l ly outward. The lower portions o 
and the four r o l l e r nuts engage the leadscrewL 

> of the segment arms to be 
the arms move rad ia l ly inward, 

Four compression springs below the pivots of [the arms act to keep the r o l l e r 
nuts disengaged from the leadscrew. To engagb the leadscrew, a greater force 
is applied to the arms above the pivot point by the stator magnetic f i e l d . 
The top of each arm has a stop to maintain clearance between the arms and the 

i
 1 

motor tube wal1. « 
! 
i 

Stator Assembly \ 
w •r 

The stator assembly is mounted on the motor t | t ie with three bolts and cup-
f 

washers and, together with the rotor nut assembly, forms a reluctance-type 
step or synchropulse motor. I f the stator isjjenergized with a continuous d i -
rect current (HOLD command), the electromagne|ic f i e l d a t t racts the upper ends 
of the rotor assembly segment arms outward an|;causes the r o l l e r nut assemblies 
in the lower ends of the arms to engage and 
OUT command current is applied to the stator,sthe rotor assembly w i l l remain I I 

the leadscrew. I f an IN or 
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engaged with the leadscrew and rotate ax ia l l y about the leadscrews causing i t 
to be raised or lowered. The di rect ion of the rotat ion depends on the sequence 
in which the stator windings are energized. 

The stator i s a six-winding, opposing wound s ta r , which permits reversal of 
the magnetic f i e l d without reversing polar i ty of any windings. By al ternately 
energizing the opposing wound winding in proper sequence, a rotat ing magnetic 
f i e l d is developed within the stator . The stator leads are terminated in one 
e lec t r ica l connector receptacle mounted on a standpipe above the stator as-
sembly. 

Sil icone 0-rings protect the stator windings and laminations from the adverse 
effects of the environment adjacent to the stator . Two thermocouples are 
mounted wi th in the stator adjacent to the end coi ls to monitor the stator 
winding temperature. The thermocouple leads terminate in receptacles adjacent 
to the stator power receptacle. 

The stator is provided with a stainless steel water cooling jacket on i t s out-
side diameter. Heat conducted to the stator core from the primary water and 
from the energized stator windings is carried away by water c i rcu la t ing through 
the hel ical passage of the cooling water jacket. 

Position Indicator 

The posit ion indicator assembly mounted ver t i ca l l y on the motor tube extension 
is used to determine the posi t ion of the control rod. I t consists of a series 
of equally spaced resistors and reed switches. These reed switches close as a 
magnet mounted on top of the leadscrew extension travels ve r t i ca l l y into the i r 
immediate v i c i n i t y . When the magnet passes the reed switch, the switch returns 
to i t s normally open posi t ion. This provides a set potential for the part icu-
la r reed switch, which can then be converted to indicate control rod posi t ion. 

8. Insulat ion 

; Insulat ion for use in the PE-rCNSG system is designed to l i m i t heat loss to a 
maximum of 252.2 W/m2 (80 B tu /h - f t 2 ) . The al l-metal insulat ion is the thermal 
re f l ec t i ve type. 

The insulat ion forms a system comprising prefabricated units engineered as in-
tegrated assemblies to f i t the surface to be insulated with due allowance for 
expansion,.and contraction. Each insulat ion uni t consists basical ly of a casing, 
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end closures, supports, inner re f lec t ive sheets, and a mea' i securing each 
re f lec t ive sheet. A l l parts are arranged to form isolated • imbers between 
the sheets and end closures. The parts are easily removab . " .nspection of 
welds. They are supported in such a way that no load is tr-.u^iiiitted to the 
component. 

Metal re f lec t i ve insulat ion is placed o f f the reactor vessel wall below the 
top of the pressure suppression pool (below the steam/feedwater nozzles) and 
attached to the inner wall of the pressure-suppression pool. Insulation is 
placed under the reactor vessel lower head and is attached to the reactor ves-
sel above the pressure-suppression pool, including the closure head dome. In-
sulation encloses and is attached to the pressurizer and surge and spray l ine 
piping. 

9. Scrvice Support Structure 

The service support structure is positioned on top of the reactor vessel head 
and performs the fol lowing functions: 

1. Restrains the CRDM and accessories against def lect ion resul t ing from seis-
mic exci tat ion and/or induced vibrations during normal operation or vibra-
tions and/or forces due to emergency operations. 

2. Provides a work platform for convenient access to i n s t a l l , maintain, and 
remove the CRDs. 

3. Supports the power and service cables and the cooling water manifolds that 
serve the CRDMs. 

4. Supports the r igging used to ins ta l l and handle the reactor vessel closure 
studs, guide studs, and stud tensioners. 

5. Provides a i r flow baff les to d i rec t cooling a i r past the CRDMs. 
6. Provides clearance for removal of the RC pumps. 
7. Restricts axial motion of the CRDMs during a postulated rod eject ion ac-

cident. 

The service support structure is designed with vert ical support beams attached 
to the reactor vessel head. A steel plate is welded to these beams to provide 
a i r flow baff les for cooling the CRDMs. Horizontal beams are positioned at 
the top of the service structure to r es t r i c t axial movement of the CRDMs. A 
working platform is provided at the top level of the service structure to a l -
low CRDM maintenance. The carbon steel used throughout the service structure 
is designed to meet the requirements of ASME Section I I I , Subsection NF. 
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Water manifolds are provided to supply stator cooling water, and provisions 
are made to support the e lec t r ica l l ines that service the CRDMs. Electr ical 
power is supplied from a terminal box located in the containment adjacent to 
the working platform. 

10. Reactor Auxi l iar ies 

Makeup and Pur i f icat ion System 

The MU&P system regulates the inventory of the RC system during a l l modes of 
operation (Figure A-8a). Figures A-8b and -8c are the P&I symbols. Inter-
connections with other systems have been designed into the system to enable 
inventory regulation when the RC system is depressurized. The MU&P system and 
the pressurizer accommodate a l l inventory changes due to temperature changes 
during the course of normal operation. The MU&P system maintains the pressur-
izer inventory at the level selected by the operator and removes corrosion 
products, f i ss ion products, and other impurit ies from the letdown f l u i d . The 
f l u i d is cooled to an acceptable temperature before pur i f i ca t ion . When the 
reactor is secured, the decay heat removal system can be crossed over to the 
MU&P system thus providing pur i f i ca t ion under a l l modes of RCS operation. The 
MU&P system is used as the vehicle to in ject and adjust the concentration of 
corrosion control chemicals into the RCS. The MU&P system during emergency 
operation is used to in jec t HPI water into the RCS. Component design data for 
the MU system are shown in Table A-7. 

Makeup and Pur i f icat ion Function 

The design basis letdown flow for the normal operation of pur i fy ing the reactor 
coolant i s one RCS volume per day measured at 48.8C (120F) in the letdown l i ne 
while operating at normal temperature and pressure. Maximum letdown flow is 
the peak rate of letdown associated with plant heatup measured at 48.8C (120F) 
in the letdown l ine. The letdown portion of the MU system is sized and de-
signed to operate with the normal letdown flow as well as with the maximum l e t -
down flow. The use of mult ip le flow paths for greater than the normal flow 
rate is considered an acceptable design. The system is designed to reduce the 
temperature and pressure of the letdown f l u i d from RC design conditions 343.3C 
at 17.24 MPag (650F at 2500 psig) to temperature and pressure levels that w i l l 
not damage components in the flow path 48.8C at 0.517 MPag (120F at 75 psig). 
The system is designed to regulate the letdown flow rate from the RCS. Puri-
f i ca t i on demineralizer equipment is provided to remove corrosion products and 
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contaminants from the reactor coolant. Ion-exchange resins are selected to 
remove a minimum amount of l i th ium. F i l te r units are insta l led to eliminate 
resin carryover and to co l lec t any foreign part iculate matter upstream of the 
makeup tank. The makeup tank is sized to contain the ent i re expansion inven-
tory associated with plant heatup plus 2.832 m3 (100 f t 3 ) minimum water volume 
and 2.832 m3 (100 f t 3 ) minimum a i r space. The makeup tank is elevated s u f f i -
c ient ly above the makeup pump(s) suction so that the required NPSH is ava i l -
able for a l l operating conditions. Relief valves are provided on the letdown 
piping, the MU pump rec i rcu lat ion piping, and the makeup tank out le t to pro-
tect the system from overpressurization. Hydrogen is added to the makeup tank 
for oxygen scavenging during hot power operation. The RCS concentration is 
maintained at 15 to 40 std. CC H2 per kg reactor coolant. Normal makeup from 
a makeup pump taking suction on the makeup tank is control led by the makeup 
control valve that is regulated by the pressure level cont ro l ler . Provisions 
are made to permit a purge flow of RC makeup to be injected into each of the 
four RC pump motors. A l ine is provided from the discharge of the MU pumps 
to supply an alternate high pressure source of pressurizer spray f low. The 
flow capabi l i ty is su f f i c ien t to provide spray flow in the event that a l l RC 
pumps are inoperative during the f i r s t phase of cooldown. Interconnection 
with the DH system is made in a manner that precludes any poss ib i l i t y of over-
pressurizing any portion of the DH system. 

Makeup for Small Leaks 

The MU system operating in i t s normal mode is capable of compensating for 
small leaks wi th in the RCS to maintain reactor coolant inventory so that an 
orderly shutdown may be effected. Each MU/HPI pump is designed to supply 
0.01104 m3/s (175gpm) to the reactor coolant at a RC system pressure of 15.5 
MPa (2250 psia). A single active fa i l u re need not be considered in the de-
sign of the normal makeup system since the HPI function is designed to pro-
vide makeup control i f a fa i l u re occurs in the normal makeup system. The 
normal makeup system is capable of manual transfer to emergency power supplies. 

High-Pressure In ject ion Function 

The HPI function of the MU system is accomplished employing su f f i c ien t redun-
dancy in the number of components to provide the required flow rate assuming 
a single fa i l u re . Each MU/HPI pump is capable of providing 0.0221 m3/s (350 
gpm) at a reactor vessel pressure of 1.103 * 107 Pa gage (1600 psig). The 
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HP I function is activated automatically by a low RCS pressure of 1.103 * 107 

Pa gage (1600 psig) or a high containment pressure of 34.5 kPa gage (5 psig). 
A l l pumps and valves are capable of being operated from the control room. 
Remote flow indicat ion for tota l purge flow is provided. Local indicat ion is 
provided for each of the four purge l ines. A remote alarm is provided for 
high and low flow conditions for each l i ne . The in ject ion water source and 
piping to the suction of the MU/HPI pumps is arranged so that adequate NPSH 
is available for a l l ranges of pump operation. Missile protection is provided 
for each HPI l i ne either by physical separation or by appropriate enclosures 
or shielding. 

Decay Heat Removal System 

The DH system operates in two functional modes. In normal operation this sys-
tem removes f iss ion product decay heat from the core during the l a t t e r stages 
of cooldown and shutdown. Under emergency operation th is system supplies 
emergency LPI f l u i d to the reactor vessel and recirculates f l u i d from the con-
tainment ECCS sump through coolers back to the reactor vessel. The DH system 
is shown in Figure A-9 and component design data are given in Table A-8. 

Normal Operation 

The DH function of the DH/LPI system is designed to reduce the RC temperature 
to 60C (140F) af ter the steam generators have reduced coolant from 317.8C 
(604F) to the DH system startup temperature of 148.8C (300F). During i n i t i a l 
cooldown heat from the steam generator is dumped to the service water pond. 
The reactor coolant is reduced from the DH startup temperature to 60C (140F) 
in 14 hours by maximum u t i l i z a t i o n of system equipment, i . e . , two pumps and 
two coolers. Each DH cooler is sized for the decay heat load at 20 hours 
a f te r shutdown. The DH letdown l ines from the reactor vessel to the DH pumps 
are supplied with two motor operated valves inside the containment and one 
motor operated valve outside the containment. The two valves inside contain-
ment are interlocked with RCS pressure instrumentation. This inter lock is to 
close or prevent the opening of these valves when the RCS is at a pressure 
tha t , when added to the shutoff head of the pump, exceeds the design pressure 
of the system. 

Separate and redundant flow paths and equipment are provided to prevent a 
s ingle component f a i l u re from reducing the system performance capabi l i ty . 
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The DH system is designed so that the RCS cooldown rate can be control led to 
keep with in the reactor NDT temperature l im i t s . 

For normal cooldown depressurization of the pressurizer is effected by spray 
from the RCS while the RC pumps are s t i l l operating. When the RC pumps are 
shut down, pressurizer spray is supplied from an auxi l iary spray l ine from 
the DH system. In addition an auxi l iary spray l ine is provided for the MU 
system for spray capabi l i ty in the event that the RC pumps are not operating 
during the f i r s t part of the cooldown. 

Cross-over l ines are provided between the discharge of each DHR cooler and 
the MU&P system. The flow through these cross-over l ines does not exceed the 
maximum letdown flow and the discharge temperature from the DH cooler is less 
than or equal to 57.2C (135F). Provision is also made for piping connections 
from the boric acid addition system. 

Emergency Operation — Low Pressure Inject ion 

The LPI function of the DH/LPI system is actuated upon receipt of a SFAS sig-
nal. The DH/LPI system is connected to the emergency water storage tanks that 
are independent of the RC system. This water is used during i n i t i a l LPI. 
After depletion of water in the emergency water storage tanks, the DH/LPI sys-
tem is aligned to take suction from the containment ECCS sump. The DH coolers 
are then used to remove the heat from the containment sump water. 

The DH coolers have reactor coolant on the tube side and component cooling 
water on the shell side. Separate and redundant flow paths and equipment are 
provided to prevent a single component f a i l u re from reducing the system per-
formance capabi l i ty . Each flow path has the capabi l i ty of maintaining core 
cooling fol lowing the LOCA. Appropriate piping and valving are provided for 
test ing the DH/LPI system while the plant is in normal operation. Intercon-
nections with other systems are designed in such a manner that LPI f l u i d w i l l 
not deviate from the normal in ject ion path. No pump priming is required under 
any mode of operation. 

Emergency Decay Heat System 

The EDH system is designed to remove heat from the RC system in the event of 
a LOCA, loss of a l l feedwater flow accident, and/or loss of a l l e lec t r i c power 
(Figure A-10). The heat transfer takes place in the steam generators u t i -
l i z i ng the large normal primary to secondary heat transfer surface. During 
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the accidents mentioned above the steam generators are isolated from the nor-
mal feed and steam systems and the EOH operation is i n i t i a ted . The steam 
trapped in the steam generators when they are isolated is admitted to the 
steam turbine driven EDH pumps. The EDH pumps which act as feed pumps, take 
suction on the EWSTs and pump th is water into the steam generators. The steam 
generated therein continues to drive the EDH pumps. Steam produced above the 
EDH pump turbine requirements is discharged to the cooling system. The amount 
of feedwater required is determined by safety analysis techniques. The re-
quirement is tentat ive ly set at 0.0473 m3/s (750 gpm) but may change as a re-
su l t of further analysis work. The turbine dr iver design may also be affected 
i f the worst case steam conditions change as a resul t of changing EDH system 
flow requirements. 

The EDH system is i n i t i a ted ei ther manually or by the SFAS and operates un t i l 
steam production ceases or manual control is established. 

Connections are provided to allow test ing of the EDH turbines and pumps. The 
feedwater used during the test is taken from the emergency water storage tank 
and returned to th is source. The steam used by the pump turbines during the 
test is discharged through the EDH piping. 

The system is capable of operation independent of e lec t r ica l power. 

The EDH system is designed to meet the requirements of the ASME B&PV Code, 
Section I I I , Class 2. The EDH pumps are located such that su f f i c ien t NPSH is 
available to maintain adequate in ject ion for a l l ranges of pump operation 
during post-LOCA operations. The steam and feedwater l ines of the EDH system 
connect to the main steam and feedwater l ines between the containment wall 
and the iso la t ion valves. EDH system design parameters and performance data 
are shown in Table A-9. 

Chemical Addition and Boron Recovery System 

The chemical addit ion and boron recovery system (Figures A- l la through A - l l c ) 
serve the nuclear plant during normal operations in the fol lowing manner: 

1. Recovers boric acid from reactor coolant for reuse. 
2. Degasifies reactor coolant. 
3. Removes boric acid from reactor coolant by demineralization. 
4. Prepares, stores, and transfers chemical solutions (boric acid, hydrazine, 

l i th ium hydroxide, sodium hydroxide). 
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5. Stores RC bleed and evaporator d i s t i l l a t e . 
6. Stores and transfers the quantit ies of concentrated boric acid needed to 

achieve cold shutdown of the reactor with a stuck control rod of greatest 
worth at any time during core l i f e . 

7. Changes the boron concentration of the reactor coolant as required during 
normal operation. 

Reactor Plant Service Water System 

The RPSW system is designed to supply cooling water to the reactor plant from 
two sources - the ultimate heat sink (cooling tower) and the exist ing raw water 
reservoir. Cooling water for a l l engineered safety features and for normal 
operation w i l l use the cooling tower system, which includes a 30-day supply of 
water in the basin. Service water for other reactor plant cooling needs w i l l 
be supplied from the raw water reservoir. A separate pump house is provided 
to furnish 0.15 m3/s (2400 gpm) to the heat exchangers. The hot water then 
returns to the pond for atmospheric cooling. 

Component Cooling Water System 

The function of the CCW system is to transfer heat from the sources l i s ted 
below to the RPSW system, via the CCW heat exchangers during normal operation 
of the reactor plant, during scheduled and unscheduled shutdowns of the reac-
tor plant including periods of hot and cold maintenance and during refuel ing. 

1. DH system heat exchangers. 
2. MU&P system letdown heat exchangers. 
3. RC pumps heat exchangers. 
4. CRDM cooling jackets. 
5. Suppression pool heat exchangers. 
6. Containment dry well cooling system co i l s . 
7. Sampling system heat exchanger. 
8. Quench tank heat exchanger. 
9. MU pump recirculat ion heat exchangers. 

The CCW transfers heat from the sources l i s ted below during emergency opera-
t ion of the reactor plant: 

1. DH system heat exchangers. 
2. Suppression pool heat exchangers. 
3. Containment dry well cooling system co i ls . 
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The ent i re CCW system (Figure A-12) is designed to function as a closed-
loop cooling system during a l l phases of operation including shutdowns and 
emergencies and to operate with a CCW heat exchanger out le t temperature of 
35C (95F) with a service water design temperature of 29.4C (85F). 

The suppression pool heat exchangers maintain the suppression pool water at a 
maximum bulk average temperature of 43.3C (110F) with CCW in l e t water tempera-
ture of 35C (95F). The CRDM cooling jackets are supplied with a minimum of 
0.000126 m3/s (2 gpm) per dr ive and a maximum of 0.000189 m3/s (3 gpm) per drive. 
The design assumes cooling for 41 drives even though current PE-CNSG design is 
17 CRDMs. 

The CCW system is designed as an ASME Section I I I , Class 3, USNRC Quality 
Group C system except for the fol lowing which are designed to ASME Section 
I I I , Class 2, USNRC Quality Group B: Containment penetration piping and as-
sociated iso la t ion valves, containment piping, valves, and equipment serving 
safety related components cooled normally by the CCW system. 

The system has su f f i c ien t redundancy so that i f maintenance is required or 
fa i lu re occurs on a pump or exchanger, a spare uni t is avai lable. The safety 
related portions of the CCW system have su f f i c ien t redundancy so that a single 
fa i l u re of ei ther an active or passive component therein w i l l not prevent the 
required cooling function from being performed. Normal e lec t r i c power is sup-
pl ied to those components whose function is not safety-related. Those safety-
related components in the CCW system are supplied by the normal and emergency 
e lec t r ic power systems. The CCW system is provided with surge tanks to ac-
commodate volume changes and provide pump suction head and NPSH. The surge 
tanks are located such that the tank's surge l ine nozzle is above the eleva-
t ion of the highest component served by the CCW system. The CCW system pumps, 
heat exchangers, and surge tanks are located in the reactor compartment. A 
magnetic f i l t e r is insta l led in the system upstream of the control dr ive cool-
ing jackets. This f i l t e r is used to remove ferrous part ic les in the CCW 
f l u i d which could cause flow blockage and to reduce the concentration of un-
dissolved solids in the ent i re system. The f i l t e r removes a l l part ic les 
larger than 23 microns. Sampling connections are provided downstream of the 
magnetic f i l t e r for ve r i f i ca t ion of water qua l i t y . Cooling for the control 
rod drives is mandatory whenever RC temperature is 93.3C (200F) and above, 
and at a l l times that an e lec t r i c current is imposed upon the stator . 
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Heatup and possible damage may resul t i f loss of cooling exists for more than 
approximately 20 minutes. To protect against loss of a pump during operation, 
provisions are made to insure continued cooling. 

The CCW system contains three main c i rcu la t ing pumps, one of which is required 
to c i rculate fresh chromated water through selected combinations of the CNSG 
reactor auxi l iary systems. This system transfers heat from the control rod 
drive stator cooling jackets, the letdown coolers, the RC pump cooler, the 
containment drywell coolers, the MU pump reci rculat ion coolers, the suppres-
sion pool coolers, the sample coolers, quench tank coolers, and the DH coolers 
to the RPSW system. The CCW f l u i d is circulated through the shell side of 
one of two CCW heat exchangers which are cooled by the RPSW system. The com-
ponent served by this cooling system are arranged in pa ra l le l , thus minimizing 
pumping power requirements and f a c i l i t a t i n g individual flow regulat ion. Since 
the control rod drive stator cooling jackets and RC pump motor heat exchangers 
are high pressure drop devices, two booster pumps are insta l led to supply the 
higher head requirements. 

The CCW system is a closed loop cooling system consisting of three fu l l -capa-
c i ty main c i rcu lat ing pumps, two cooling booster pumps, two fu l l -capac i ty heat 
exchangers, a surge tank, a magnetic f i l t e r , and the necessary piping, valves, 
instrumentation, and controls. The CCW system is to be operated during a l l 
stages of normal and emergency operation. System data are given in Table 
A-10. 

Cooling During Normal Operation 

The conditions that are expected to occur for th is operation are cold shutdown, 
cooldown operation below 149C (300F), cooldown operation above 149C (300F), and 
power operation. Startup and refuel ing are also considered under th is condi-
t ion . 

Power Operation 

During normal power operation of the CNSG, the CCW system w i l l remove heat 
from (1) one letdown cooler, (2) one containment drywell cooler, (3) one 
suppression pool cooler, (4) the control rod drive stator cooling jackets, 
(5) the RC pump motor coolers, (6) the quench tank cooler, (7) one MU pump 
recirculat ion cooler, and (8) the sample cooler. For power operation the CCW 
;ystem requires the use of one main c i rcu la t ing pump, one cooling booster 
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pump, and one heat exchanger. During normal operation one main c i rcu la t ing 
pump discharges into the header supplying flow to a CCW heat exchanger. The 
flow from the heat exchanger discharges into the main supply header. A l l of 
the components served by the CCW system are arranged in paral le l with redun-
dant safety-related components connected separately across the supply and re-
turn headers. The out le t cooling water from each component is returned to 
the main c i rcu la t ing pump via the main return header. The booster pump takes 
suction on the main supply header and, u t i l i z i n g the posit ive suction head 
provided by the header pressure, furnishes the additional head necessary to 
provide the required flow through the RC pump motor coolers and CRD cooling 
jackets. The RCP/CRD cooling loop w i l l be in operation whenever the RC tem-
perature is above 93.3C (200F) and/or the dr ive stators are e lec t r i ca l l y 
energized. 

Cooldown Operation Above 149C (300F) 

The cooldown above 149C (300F) for the CNSG uses the steam generator and the 
MU system to reduce the RCS temperature and pressure to a point to allow use 
of the DHR system. In th is cooldown mode the fol lowing components require 
cooling: one makeup pump reci rculat ion cooler, one letdown cooler, one con-
tainment drywell cooler, one suppression pool cooler, the CRD cooling jackets, 
the RCP motor coolers, and possibly the sample cooler and quench tank cooler. 
The heat load at the beginning of th is cooldown condition is essential ly the 
same as for normal power operation. The l ine up of equipment is the same as 
described above. 

Cooldown Operation Below 149C (3Q0F) 

Using the steam generator and MU system takes approximately 6 hours to reach 
a temperature and pressure that w i l l allow DH system operation. When the DH 
system is placed in operation, the heat load on the CCW takes a step increase 
since the heat load becomes equal to the core decay heat. During th is stage 
of cooldown heat removal is required from two DH coolers, a containment dry-
well cooler, one suppression pool cooler, and possibly the sample cooler. One 
CCW main c i rcu la t ing pump and two CCW heat exchangers w i l l handle the load. 
The CRD/RCP loop would be operating, however, the RCP loop would have a minimal 
heat load since the RC pumps are not operating. When the RC temperature is 
lowered below 93.3C (200F), the booster pumps can be stopped. 
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Cold Shutdown 

During cold shutdown the CCW system w i l l remove heat from one containment dry-
well cooler, one suppression pool cooler, one DH cooler, and possibly the 
sample cooler. 

Startup 

During the startup operation the CCW system operates the same as described in 
Power Operation except that the heat loads vary. 

Refueling 

During the refueling operation heat removal is required from one containment 
drywell cooler, one suppression pool cooler, and one DH cooler. 

Cooling During Emergency Operation 

During emergency conditions fol lowing a LOCA, the non-safety related heat ex-
changers (MU pump reci rculat ion coolers, RCP/CRD coolers, quench tank cooler, 
sample cooler, and letdown coolers) are isolated from the system and the CCW 
main c i rcu la t ing pumps switch to the emergency mode. The booster pumps are 
de-energized. Even though both sides of the CCW system are operating, one 
side is su f f i c ien t to remove the safety-related heat loads. Each c i r cu i t of 
the system removes heat from (1) one containment drywell cooler, (2) one sup-
pression pool cooler, and (3) one DH cooler. The RPSW system s t i l l serves as 
the cooling system for the CCW system during emergency operation. 

Containment Drywell Cooling System 

The CC system removes heat from the containment drywell atmosphere during both 
normal and emergency LOCA operating conditions (Figure A-13). During normal 
operation the system removes the heat given o f f by a l l hot surfaces wi th in the 
containment as well as the heat equivalent to the e lec t r i ca l inef f ic iency in 
a l l continuously or in termi t tent ly running motors and instrumentation. During 
LOCA operation the system removes heat from the drywell region and condenses 
steam generated by the e f f luent from the primary system break, thereby serving 
to l i m i t peak pressure and temperature and to return the containment to nearly 
pre-accident conditions. 

The system consists of redundant a i r handlers ( fan/co i l uni ts) and ducting. 
Each a i r handler comprises a cooling c o i l , a normal service fan, and an 
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emergency service fan in para l le l . The fans are in series with and downstream 
from the cooling c o i l . 

Design parameters and component data are given in Table A - l l . 

Reactor Building Vent i lat ion System 

The RV system serves the fol lowing four primary functions for the PE-CNSG 
reactor plant: 

1. Controll ing radioactive gaseous release to the environs during both normal 
and emergency (post-LOCA) operation and maintenance of a low level of a i r -
borne rad ioact iv i ty in the reactor building and auxi l iary spaces to permit 
entry during normal operation or during both scheduled and unscheduled 
shutdowns. 

2. Removing heat to the environs from sources wi th in the reactor bui lding. 
3. Containment purging pr ior to manned entry for maintenance and/or inspec-

t ion. Containment purging would be accomplished only when the reactor is 
at or below hot shutdown conditions; i . e . , the decay heat system is op-
erating. 

4. Providing a source of clean a i r to the control areas i f high rad ioact iv i ty 
levels are present. 

A subsystem of the RV system, the containment vacuum system, maintains a sub-
atmospheric pressure in the containment during a l l normal reactor power op-
eration (Figure A-14). 

Three single-speed exhaust fans and two exhaust f i l t e r t rains (HEPA/activated 
charcoal/HEPA) are provided. The fans and f i l t e r s are cross-connected and 
discharge to two redundant exhaust stacks. One fan, one f i l t e r t r a i n , and one 
stack are su f f i c ien t to provide the required vent i la t ion and gaseous ef f luent 
processing capacity for both normal and emergency operation. Small, easily 
replaceable roughing f i l t e r s are provided at the in le ts from a l l aux i l iary 
spaces being served by the RV system. A small HEPA/activated charcoal/HEPA 
f i l t e r t ra in is provided on each reactor compartment fresh a i r intake to serve 
the control area a i r supply fans. 

RV system design data are given in Table A-12. 

Radwaste Disposal System 

The RWD system is comprised of the SWD, LWD, and GWD systems. These systems 
are designed to co l l ec t , store, and dispose of a l l so l i d , l i qu i d , and gaseous 
wastes generated by normal operation of the nuclear steam plant. 
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I 
Solid Waste Disposal System 

The SWD system processes and stores sol id waijjlje from the fol lowing sources: 

1. Demineralizer spent resins. ^ 
2. Rags, paper, p last ic sheeting, glass, etc .̂t 
3. F i l t e r cartr idges. 

j t 
No sol id radwaste from the PE-CNSG plant w i l l | | e dumped onsite. The PE-CNSG 
u t i l i zes the portland cement so l i d i f i ca t ion s|item developed by ATCOR Inc. of 
Peekskil l , New York. This system mixes the rcMioactive waste products with a 
Portland cement-water mixture and f i l l s a 0.2(|tfm3 (55 U.S. gal) drum container. 

The PE-CNSG is estimated to produce 5.66 m3 (2aQ f t 3 ) of spent demineralizer 
resins from the I4U system and the LWD system. liThe spent resins are trans-it 
ferred from each system to the SWD system spent\resin col lection /storage tank as 
shown in Figure A-14. When a suf f ic ien t amount hf spent resins col lects in 
the tank to warrant operation of the system, the mixing and f i l l i n g operation 
begins. The system has the capacity to drum 2.124 m3 of spent resin per day. 
Since the f i l l i n g and capping operation is f u l l y automated, the radiat ion 
danger to personnel is minimal. 

The system also contains a compactor for the rags, glass, etc. An operator 
can mix the compacted solids with the spent resins at any time to permit f i l l -
ing the drums completely. The control panel is located in the v i c i n i t y of 
the system but shielded adequately. F i l led drums are stored wi th in the ATCOR 
system on a continuous conveyor unt i l transferred to a ce r t i f i ed radwaste 
storage contractor. The CNSG SWD system has the capacity to store a l l the 
sol id waste generated during one year's operation of the system. 

The concrete surfaces and f loors in the SWD system area are f inished to pre-
vent the absorption of ac t i v i t y in the event of spi l lage. Water connections 
are provided for washdown of a l l components and the f loors slope to a drain 
for discharge to the LWD system. Adequate area vent i la t ion and atmospheric 
control are provided to control vapors, gases, and dust resul t ing from pack-
aging operations. Radiation monitoring equipment is provided to measure the 
radiat ion level in each of the packaging areas. Readouts are provided loca l ly 
and in the main control room. 

Component data for the SWD system are shown in Table A-14. 
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Liquid Waste Disposal System 

The LWD system is designed to co l lec t , process, store, and discharge a l l l i qu id 
ef f luents that have the potential of being radioactive (Figure A-16). The 
dose and release rates from the system w i l l be as low as is reasonably achiev-
able in accordance with established regulating requirements. 

The LWD system is designed to handle 0.757 m3 (200 gal) per day of radwaste 
with 0.125% fa i led fue l . This system also has the capabi l i ty to process 
0.000315 m3/s (5.0 gpm) RC leak for a specif ied period of time. The length 
of time that the LWD system can process th is leak is a function of the percent 
fa i led fue l . 

Additional system data are given in Table A-14. 

Gaseous Waste Disposal System 

The GWD system is designed to accommodate a l l gases evolving from the operation 
of the PE-CNSG system (Figure A-17). The waste gases are collected through 
a network of vent l ines throughout the PE-CNSG. Once col lected, the gases are 
then compressed, stored and discharged from l imited access, adequately shielded, 
and radio logica l ly monitored compartments, each having control led vent i la t ion 
to mitigate the spread of contaminated waste gas in the event of radioactive 
gas leaks. 

Ultimate disposit ion of the waste gases fol lowing f i l t r a t i o n is to the atmo-
sphere via the reactor compartment vent i la t ion system only when the radio-
ac t i v i t y levels are less than specif ied by the code of Federal Regulations 
(10 CFR 20 and 10 CFR 50, Appendix I ) , and only when the wind conditions w i l l 
ensure that the di luted e f f luent cannot endanger the operating personnel, 
populated land areas, or ecology. 

Tanks are sized assuming 0.125% defective fuel with 700 EFPD. A l l planned 
phases of plant operation are considered. System parameters are given in 
Table A-15. 

As previously stated, a l l waste gases generated or evolving from operation of 
the nuclear steam supply system are collected and stored to allow natural decay 
of the shor t - l ived radioisotopes pr ior to the i r release to the atmosphere. 

The waste gases are scavenged via a network of vent headers that feed into one 
of two basic type of waste gas manifolds. One manifold handles waste gases 
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that are potent ia l ly hydrsgenated and the other handles waste gases that are 
aerated or have been di luted with a i r and/or nitrogen. 

In addit ion, every precaution is to be used during equipment design, select ion, 
and location to mitigate the chance of a hydrogen explosion, and the conse-
quences of missi le (shrapnel) damage. 

Explosions due to oxygen-hydrogen mixing are protected against by maintaining 
the hydrogenated tanks under posit ive pressure so that oxygen cannot enter. 
Any leakage from the system is d i luted with fresh vent i la t ion a i r so that the 
result ing hydrogen concentrations are below 4% by volume. An oxygen-hydrogen 
analyzer monitors the gas spaces in the two hydrogenated waste tanks and in 
other locations in the waste disposal system where hydrogen is most l i ke l y to 
concentrate. The analyzer is set to warn the operator i f the oxygen content 
approaches 2.0% by volume. 

Sources of Gaseous Wastes 

Potential ly hydrogen r ich or hydrogenated waste gases are collected from equip-
ment in d i rect contact with the reactor coolant. Major equipment pieces vent-
ing into th is portion of the gaseous waste system are as fol lows: 

1. Pressure vessel degassing vent(s). 
2. Drywell vacuum l ine . 
3. MU tank vent. 
4. Pur i f icat ion demineralizer vent. 
5. MU f i l t e r vents. 
6. MU pump vents. 
7. MU pump reci rculat ion cooler vents. 
8. DH pump vents. 
9. DH cooler vents. 

10. Quench tank vent. 

The aerated or air-ni t rogen di luted gaseous wastes are col lected separately 
from the hydrogenated gaseous waste because of the i r non-explosive nature and 
i f the aerated waste ac t i v i t y is found to be di luted wi th in the allowable 
regulatory l im i ts are discharged d i rec t ly to the atmosphere (fol lowing f i l t r a -
t ion) via the RV system. These waste gases are pr imari ly obtained from dis-
placed void spaces found in tanks, pumps, f i l t e r s , etc. Examples of larger 
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equipment venting into th is manifold are (1) l i qu id waste storage tanks, (2) 
l i qu id waste col lect ion tank, and (3) low ac t i v i t y waste storage tank. 

Post-LOCA Combustible Gas Control System 

The post-LOCA CGC system is designed to prevent ign i t i on of the hydrogen gen-
erated wi th in the containment fol lowing a postulated LOCA (Figure A-18). 
The system includes redundant (125% tota l capacity) Halon 1301 storage tanks, 
a d is t r ibu t ion system, and associated instrumentation and controls. The SPC 
system and RV system interface with the CGC system fol lowing a LOCA to provide 
part of the required CGC system function. The SPC system pumps transfer water 
from the emergency water storage tanks into the suppression pools to force a l l 
non-condensables, including hydrogen, back into the containment drywell. 

The RV system provides containment purging 1600 hours af ter the LOCA. For the 
PE-CNSG design hydrogen is considered to come pr imari ly from radiolysis of 
water (primary and suppression pools) since there are no chemical sprays, very 
l i t t l e aluminum, copper, or z inc, and no appreciable metal-water reaction. 

CGC system design data are given in Table A-16. 

Sampling System 

The SA system provides a means of remotely sampling primary coolant, key aux-
i l i a r y system ef f luents , and a l l waste gases wi th in the GWD system (see Fig-
ure A-19). Further, the gas samples may be analyzed for hydrogen and oxygen 
at any time by the automatic gas analyzer or may be separately analyzed u t i l i z -
ing a gas sample container located at the sample sink. The complete sampling 
stat ion provides the health physic ist or water chemist with samples to monitor 
RC chemistry, pur i f i ca t ion demineralizer effectiveness, pH, and other water 
chemistry c r i t e r i a ; oxygen and hydrogen concentration in gas samples, and the 
necessary gas samples to maintain radiological waste management. Liquid sample 
purge eff luents are returned to the reactor via the MU system or are discharged 
to the LWD system. S imi lar ly , gaseous sample purge eff luents are discharged 
to the GWD system. 

Suppression Pool Cooling System 

The SPC system maintains the suppression pool water temperature and chemistry 
at the levels which permit safe operation of the PE-CNSG plant (Figure A-20). 
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The SPC system serves both a normal plant function and an emergency contain-
ment heat removal function. During normal plant operation the system: 

1. Cools the water in the suppression pool to maintain the water temperature 
at 43.3C (110F). 

2. Provides adequate c i rcu lat ion and mixing of pool water to ensure that a l l 
chemicals added to i nh ib i t corrosion and algae growth remain in solut ion. 

3. Provides a source of water to the DH system for long-term core cooling. 

During emergency operation fol lowing a LOCA, the SPC system: 

1. Cools the water in the suppression pool (containment heat removal func-
t ion) . 

2. Provides a means to ent i re ly f i l l the suppression pool wet well spaces 
to remove any trapped hydrogen so that the combustible gas control system 
might function properly. 

The SPC system has three centr i fugal pumps and two shell and tube heat ex-
changers insta l led. Mo normal or accident operating mode requires regulation 
of system flow other than for on/off capabi l i ty . No t h ro t t l i ng is required. 
Only one pump and cooler are required to perform the system functions. The 
equipment and components of the system are located in the reactor bui lding 
and are designed to meet the requirements of ASME Section I I I , Class 2. 

SPC system parameters and design data are given in Table A-17. 

11. Reactor Plant Instrumentation and Control Systems 

This section describes the major instrumentation and control systems that sup-
port the operation of the PE-CNSG. Component iden t i f i ca t ion numbers are given 
for the convenience of descriptions and are not for scope de f in i t i on or estab-
l ishing to ta l system requirements. 

Figure A-21 i l l us t ra tes typical interfaces of the instrumentation and con-
t ro l systems, the RCS, secondary and te r t i a r y plant systems, and the aux i l ia ry 
systems. 

Integrated Control System 

The ICS automatically controls the NSS to achieve the optimum dynamic and 
steady-state operation of the reactor steam generator complex with a main ob-
jec t i ve being to f u l f i l l the demand for generated load in response to requests 
established by the uni t operator or the automatic dispatch system. 
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The ICS incorporates the fol lowing basic functions to meet the design objec-
t i ves: 

1. Full integrat ion and coordination of the reactor, the steam bypass system, 
and the steam generator feedwater system to provide plant control requir ing 
minimum operator par t ic ipat ion. 

2. The system provides completely automatic control in response to operator 
or dispatcher demand functions above 15% of rated reactor power. 

3. Automatic power runback and l im i t i ng action during abnormal operating con-
d i t ions. 

4. Manual control of the un i t during startup and abnormal operation. 

The plant is control led by the ICS u t i l i z i n g a basic feedforward load reference 
(Figure A-22) developed from the demand for load as conditioned by plant 
status indicat ive of the plant 's a b i l i t y to meet that demand. The four major 
control variables are as fol lows: 

1. Load (generated megawatts). 
2. RC average temperature (TaVg). 
3. Secondary system out le t pressure. 
4. Steam generator water inventory. 

Three of the above variables are independent, while the fourth is f ixed by the 
values of the other three. 

The ICS coordinates the paral le l interact ion of the RC average temperature, 
steam generator water inventory, and secondary system out le t pressure, thereby 
f i x i ng the load at the required value. 

Nuclear Instrumentation 

The NI is designed to supply the fol lowing: 

1. The reactor operator wi th measurement of reactor core leakage information 
over the f u l l operating range of the reactor. 

2. Reactor power signals to the RPS. 
3. Reactor power signals to the ICS. 
4. Monitoring signals to the plant computer. 

In addi t ion, the NI is designed to provide CR withdrawal i n h i b i t signals for 
acceptable plant startup rates. 
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Reactor Protection System 

The RPS monitors reactor variables related to safe operation of the NSS and 
t r i ps the reactor when one or more of the reactor variables exceed a setpoint 
value to drop a l l CR assemblies except APSRs. Protection is provided with 
respect to the fol lowing plant conditions: 

1. RCS overpressurization - the system pressure must be l imi ted to the tran-
sient pressure allowable under the ASME Code, Section I I I (110% of design 
pressure). 

2. DNBR must be maintained at a value to preserve the in teg r i t y of the fuel 
cladding. 

3. The maximum l inear heat rate (kW/ft) in the core must be l imi ted to avoid 
fuel melt. 

Non-Nuclear Instrumentation and Control Systems 

The NNI consists of process-variable sensors, sensor signal conditioning 
equipment, and certain control elements for non-safety-related systems. 

NNI provides sensor inputs to non-safety-related control systems to the plant 
computer and to indicat ion and alarm readout devices in the main control room. 
The equipment in th is system comprises instrumentation and controls for the 
reactor auxi l iary systems, e .g . , DH, MU&P, CCW, etc. 

Engineered Safety Features Actuation System 

The ESFAS (Figure A-23) is designed to monitor c r i t i c a l plant parameters 
for indicat ion of a loss of reactor coolant or a secondary system accident 
and to actuate systems to mitigate the effects of these conditions. 

The ESFAS monitors the following system parameters: 

1. RC pressure. 
2. Containment pressure. 
3. Steam generator pressure. 

The system issues actuation signals to the pumps, valves, and fans, (as ap-
propriate) for the fol lowing protective actions: 

1. Protection of the fuel cladding by emergency in ject ion of cooling water 
(HPI from the MU&P system and LPI from the DH system) into the RCS. 

2. Isolat ion of reactor containment f l u i d system penetrations that are not 
v i t a l to accident control . 

3. I n i t i a t i o n of secondary system cooling for DH (actuation of aux i l ia ry 
feedwater valves and pumps). 
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4. Removal of f iss ion products from the reactor containment atmosphere ( i n i -
t i a t i on of reactor bui lding spray) and reduction of reactor bui lding pres-
sure buildup ( i n i t i a t i o n of reactor bui lding cooling system). 

In addit ion, the ESFAS provides the inter lock signals to the DHR to close and 
prevent opening that system's letdown iso la t ion valve during RCS pressurization 
and normal reactor operation. 

Safety-Related Control and Instrumentation System 

The SRCI system is designed to provide the fol lowing: 

1. Suf f ic ient indications to the operator in the main control room for moni-
tor ing c r i t i c a l parameters during and a f te r design basis accidents to 
ascertain that an accident has taken place, to determine which accident 
has occurred, and to perform required control functions af ter automatic 
protection system action has taken place. 

2. Indicators and controls to enable the operator to shutdown and maintain 
the reactor in a hot shutdown condition ei ther from the inside or outside 
control room. 

3. Electr ical controls and interlocks to the operation of the DH letdown 
valve to ensure that these valves are positioned properly for normal plant 
operations. 

Control Rod Drive Control System 

The CRDCS is designed for two basic functions: (1) to provide normal reactor 
control ( reac t i v i t y ) through the movement of groups of control rods either 
automatically in response to signals from the ICS or manually by the operator 
and (2) to release CRAs into the core upon receipt of a t r i p signal from the 
RPS. A typical system is diagrammatically shown in Figure A-24. 

Incore Monitoring System 

The IMS provides the local neutron f lux measurements for monitoring core per-
formance. The f lux measurements (as processed by the plant computer) provide 
information for the fol lowing: 

1. Reactor operator assistance. 
2. Plant physics ve r i f i ca t ion tests. 
3. Fuel management decisions. 

Information is available to the reactor operator for determining xenon osc i l -
l a t i on and core power imbalance (axial f lux imbalance and radial f l ux t i l t ) . 
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12. Fuel Handling and Storage 

The refuel ing method for the PE-CNSG ut i l i zes wet refuel ing typical of central 
power stat ion reactors. Both new and spent fuel storage are housed in the 
reactor service building. 

Fuel Handling Systems 

The PE-CNSG fuel handling systems provide a safe, e f fec t ive means of trans-
porting and handling fuel from arr iva l at the plant in an unirradiated condi-
t ion un t i l departure from the plant af ter post - i r rad iat ion cooling. The sys-
tems have been designed to minimize the poss ib i l i t y of mishandling, which 
could cause fuel damage and potential release of f i ss ion products. 

The land-based PE-CNSG uses a conventional method of "wet" refuel ing where 
a l l operations are performed underwater (see Figures A-25 and A-26). 
Underwater transfer of spent FAs w i l l provide an e f fec t ive , transparent radia-
t ion shield as well as a re l iab le cooling medium for removal of decay heat. 
The use of borated water provides an added safety margin that w i l l ensure 
subcr i t ica l conditions during refuel ing. 

Refueling Procedure and Schedule 

A step-by-step refuel ing procedure has been developed. The time span required 
for each step has been estimated and a c r i t i c a l path schedule prepared. The 
step-by-step procedure is shown in Table A-18, and the c r i t i c a l path sched-
ule is shown in Figure A-27. 

After the plant is prepared for refuel ing, the reactor is shut down. A re-
fuel ing outage commences with the shutdown of the reactor. Following cooldown 
and depressurization of the RCS, the biological shielding l i d , the containment 
vessel l i d , and missile shielding are removed. During these operations the 
refuel ing canal is washed down, the control rod drive e lec t r ica l cables are 
disconnected, and the control rod drives are uncoupled from thei r respective 
control component extensions. These operations permit the i n i t i a t i o n of clo-
sure head removal. Removal of the reactor closure head thermal insulat ion, 
control rod drives, and service structure is begun while the RC level is 
lowered below the flange. Two stud tensioners used to minimize the time re-
quired to remove the head loosen one stud at a time but can be used simulta-
neously at stud locations 180° apart. Following removal of the studs from 
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the reactor vessel, the studs and nuts are supported in the closure head by 
special ly designed spacers. Removal of the studs with the reactor closure 
head minimizes handling time and reduces the poss ib i l i t y of thread damage. 

Before the reactor closure head is removed, the refuel ing barrel is ins ta l led. 
The reactor closure head assembly is then maneuvered by a handling f i x tu re 
supported from the reactor service building crane and is l i f t e d out of the 
containment onto a head storage stand. The stand is designed to protect the 
gasket surface of the closure head. The l i f t is guided by two closure head 
alignment studs insta l led in two of the stud holes. These studs also provide 
proper alignment of the reactor closure head with the reactor vesse'l and in te r -
nals when the closure head is replaced a f ter refuel ing. At the head storage 
p i t special stud and nut handling f ix tures can be used to remove the studs and 
nuts from the reactor closure head for in-service inspection and cleaning. A 
stud storage rack is provided. The underside of the head is washed down with 
demineralized water. 

After the head is removed, the control rod drive extensions are disconnected 
from the control rod assembly couplings, and the internals l i f t i n g f i x tu re is 
ins ta l led. The refuel ing barrel and canal are f i l l e d with borated water a f ter 
these operations. The refuel ing canal is flooded with the two decay heat re-
moval pumps 2.52 x 10"2 m3/s (400 gpm), which take suction from the borated 
water storage tank. 

The containment crane and an internals handling adapter are used to remove 
the reactor internals and store them underwater on a stand provided on the 
f loor of the internals storage p i t . 

Next, the steam generator ba f f le l i f t i n g f i x tu re is ins ta l led , and the steam 
generator baf f le is removed underwater so that d i rect access to the steam 
generator upper tubesheets is avai lable. The steam generator baf f le assembly 
is stored with the internals in a p i t in the f loor of the refuel ing canal to 
avoid release of airborne ac t i v i t y and for shielding during subsequent drain-
ing of the canal for steam generator tube inspection. For steam generator 
in-service inspection, the water level in the reactor vessel must be lowered 
to below the steam generator lower tubesheet. Due to radiat ion effects and 
shielding requirements, the water level cannot be lowered th i s much with the 
FAs in the reactor; therefore, the core is completely removed to permit lower-
ing the water level in the reactor vessel. 
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Refueling operations are performed underwater using a fuel handling bridge 
that operates on floor-mounted ra i l s and spans the refuel ing canal and the 
spent fuel pool. The main fuel handling bridge is used to shutt le spent fuel 
assemblies from the core to the spent fuel pool. Al l FAs are handled under-
water by a pneumatically operated fuel grapple attached to a telescoping mast 
mounted on a t ro l l ey that moves la te ra l l y on each bridge. Control and o r i f i c e 
rod assemblies are handled by a grapple attached to a second mast. Portable 
neutron detectors are insta l led in the reactor, find a l l fuel is unloaded from 
the core and transferred to the spent fuel pool. 

The fuel and control rod handling mechanisms are designed so that the fuel and 
rod assemblies are withdrawn into the mast tube for protection before t ransfer . 
Interlocks are provided to prevent operation of the bridges or t ro l leys un t i l 
the assemblies have been hoisted to the upper l i m i t in the mast tube. Manda-
tory slow zones are provided for the hoisting mechanisms during insert ion of 
fuel and control assemblies. The slow zones are in ef fect during insert ion 
into and removal from the reactor core and fuel storage racks. The controls 
are appropriately interlocked to prevent simultaneous movement of the bridge, 
t r o l l e y , or hoists. The grapple mechanisms are interlocked with the hoists 
to prevent ver t ica l movement unless they are either f u l l y opened or f u l l y 
closed. The fuel grapple is designed so that when loaded with the FA, i t 
cannot be opened as a resul t of operator error or e lect r ica l or pneumatic 
fa i l u re . Hard stops are provided to prevent rais ing an assembly above the 
minimum shielding depth in the event of an upl imi t fa i l u re . 

A l l spent FA transfer operations are conducted underwater. The depth of water 
over the spent FAs during t rans i t through the refuel ing canal and spent fuel 
pool provides adequate shielding over the top of the active fuel in the spent 
FAs during movement from the core into storage. The thickness of the concrete 
walls and f loors of these areas is su f f i c ien t to l i m i t the maximum radiat ion 
levels in these and adjacent working areas to a safe working level . 

Water in the refuel ing canal, storage pool, and the reactor vessel has a mini-
mum boron concentration of 1800 ppm. Although not required for safe storage 
of spent FAs, the spent fuel storage pool water is borated so that water in 
the refuel ing canal and the reactor vessel is not d i luted during fuel transfer 
operation. The boron concentration of the reactor vessel water is su f f i c i en t 
to maintain core shutdown, i f a l l of the CRAs were removed from the core, 
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even though only a few control rods w i l l be removed at any one time during 
the fuel shuf f l ing and replacement. 

The refuel ing canal in the containment and the fuel transfer canal, new and 
spent fuel storage area, cask loading area, and the cask decontainrnent area 
in the reactor bui lding are l ined with stainless s teer for leak tightness and 
ease of decontamination. The spent fuel storage pool is designed to preclude 
accidental drainage. 

Once a l l fuel is transferred to the spent fuel pool, the transfer gates be-
tween the spent fuel pool and the refuel ing canal are closed and the neutron 
detectors are removed. The water in the refuel ing canal, refuel ing bar re l , 
and the reactor vessel is drained to an elevation jus t below the bottom of 
the steam generator tubes to permit eddy current inspection of the tubes. 
Water is then drained by the DH removal pumps down to the out le t nozzle of 
the reactor vessel. The remainder is removed with a 3.15 x 10~2 m3/s (500 
gpm) centr i fugal pump suspended from the reactor service crane. This pump 
discharges to the internals storage p i t , which in turn provides suction to 
the DH pumps. 

Once the water level is lowered to the proper leve l , canal wal ls , f l o o r , and 
the refuel ing barrel are washed down, then inspection equipment is ins ta l led 
and 5% of the steam generator tubes are eddy current-inspected to sat is fy in-
service inspection requirements. Following inspection, the inspection equip-
ment is removed, and the reactor vessel, refuel ing bar re l , and the refuel ing 
canal are r e f i l l e d with borated water. 

During tube inspection, control components are handled underwater by the fuel 
handling bridge in the spent fuel pool. CRAs are shuff led, and BPRAs are re-
placed as necessary to obtain proper control positions and even burnup. Fuel 
assembly shuf f l ing is accomplished as the new FAs and pa r t i a l l y spent FAs are 
reloaded into the reactor vessel. 

When f looding of the canal and the control component handling is complete, 
portable aux i l ia ry neutron detectors are ins ta l led ; the transfer gates are 
reopened; and the FAs are reloaded into the reactor. 

The steam generator ba f f le assembly and the internals are replaced in the re-
actor vessel with the appropriate l i f t i n g f i x tu res . The water in the re fue l -
ing canal and the refuel ing barrel is drained, and the canal and barrel are 
washed down. 
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After the CRD extensions are connected to the control rod couplings, the re-
fuel ing barrel is removed and'placed in storage. The reactor vessel closure 
head is replaced using the handling f i x tu re and the alignment studs. When 
the head is properly positioned, the studs are insta l led and tensioned simul-
taneously using two stud tensioners 180° apart. 

Following connection of the control rod drives to the control rod drive ex-
tensions and re ins ta l la t ion of e lect r ica l service, the reactor vessel closure 
head leak test is performed. When the leak test results are sat is factory, 
the head thermal insulat ion is replaced and the RCS is r e f i l l e d with coolant; 
the missi le shielding, containment l i d , and biological shielding are replaced; 
and appropriate systems test ing including CRD and containment in tegr i t y tests 
are performed. Heatup and pressurization of the reactor plant is then accom-
plished in accordance with instruct ions. 

Fuel Handling Equipment L is t 

A fuel handling equipment l i s t is presented in Table A-20. 

13._ Containment and Shielding Design 

The containment for the CNSG (Figure A-28) is a compact, ver t ica l cy l indr ica l 
pressure-suppression containment system simi lar to those used for some land-
based power plants. The steel containment cylinder is 11.58 m (38 f t ) in d i -
ameter, 19.51 m (64 f t ) high, and has a nominal wall thickness of 38.1 mm 
(1.5 i n . ) . The operating f l oo r , which divides the containment into two sepa-
rate regions (the dry and wet well chambers), is at approximately the mid-
elevation of the containment. The reactor vessel is located o f f the contain-
ment centerl ine 0.457 m (1.5 f t ) . The of fset of the reactor vessel from the 
containment centerl ine provides adequate space for placing the pressurizer on 
the containment operating f loor and as near to the containment centerl ine as 
possible. 

The reactor vessel is given axial support by attaching the vessel support 
sk i r t to the containment f l oo r . Lateral support is provided at the base by 
the support s k i r t and at the operating f loor by 10 reactor vessel snubbers. 
The operating f loor provides the axial support for the pressurizer. 

The region above the operating f loor and inside the inner suppression pool 
wall is the dry wel l . The wet well is located below the operating f loor and 
outside the inner suppression pool wal l . 
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Access to the containment is provided by two major penetrations - the equipment 
hatch and the personnel a i r lock. The equipment hatch is a c i rcu lar plate lo-
cated in the containment upper head and f i t t e d to the top of the containment 
with double seals and bolts. This 5.49-m-diameter (18 f t ) opening provides 
access for i n i t i a l ins ta l la t ion of the major components and for ins ta l la t ion 
and removal of the equipment used during refuel ing. The personnel a i r lock, 
located above the operating f loor level provides access to the containment 
vessel for routine maintenance and inspections. The lock has two double-
gasketed doors in series with a mechanical inter lock to ensure that one door 
cannot be opened un t i l the second is sealed. Under control led condit ions, 
such as during maintenance when the reactor is cold, the inter lock system can 
be overridden to provide unrestricted entry to the containment. Safety equip-
ment includes local and control room door "open" and "closed" visual indica-
tors , pressure equalization valves, remote-closing latching and l igh t ing sys-
tems and communication systems. The a i r locks also have provisions for 
pressure test ing at any time. 

There are approximately 17 cartr idge-type e lec t r ica l penetrations through the 
containment vessel; Figure A-29 shows a typical e lect r ica l penetration. 
Each cartr idge has a pressure connection to allow pressurization for test ing. 
The cartridges are seal-welded into penetration sleeves, which are welded into 
the wall of the containment vessel. The penetration headers through which the 
cables j -^s are hermetically sealed. 

There are approximately 50 piping penetrations through the containment vessel 
ranging from 50.8 mm (2 i n . ) or less to 254 mm (10 i n . ) in diameter. Penetra-
tions are divided into hot piping penetrations (those which must accommodate 
thermal movement) and cold piping penetrations (those subjected only to small 
thermal movement or stress). The penetrations for hot piping, such as the 
steam l ines, allow for both axial and la tera l movement during normal operations 
(Figure A-29). The penetration sleeve is welded to the containment vessel, 
and a bellows expansion j o i n t is provided to accommodate any movement. The i 
bellows are designed to withstand containment design pressure and have connec-
tions to permit test ing. The cold piping is welded d i rec t ly to the penetration 
sleeves. Bellows are not necessary since the thermal stresses are small and 
are accounted for i n the design of the weld j o i n t s . 
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Containment isolat ion is maintained with closed piping systems and iso lat ion 
valves. To minimize leakage of radioactive material to the reactor compart-
ment, a safety iso lat ion signal closes a l l valved penetrations not required 
for operation of the engineered safety system. Al l remotely operated isola-
t ion valves have control switches and position indicators in the control room. 

Pressure Suppression Design Description 

The pressure-suppression system is divided into two separate regions. The 
inner region contains the suppression pool water, and the outer region is a 
segmented cy l indr ica l ai. space. 

The suppression pool water region comprises an inner cyl indr ical shell below 
the operating f l o o r , which forms an annular wet well water space eccentric to 
the containment center l ine . The pool is located as close to the reactor ves-
sel as feasible. The eccentric annular wet well contains 12 slosh baf f les , 
which extend downward approximately 1.83 m (6 f t ) into the water space from 
the containment operating f loor with one vent pipe discharging between each 
pair of baff les. These baffles divide the wet well surface into 12 equal 
areas. Low-pressure rupture discs placed in the vent pipes separate the dry 
and wet wells to prevent water vapor from entering the dry wel l . A segmented 
annular wet well a i r space between the annular wet well and the containment 
shell provides an a i r space for accumulation of non-condensibles and water car-
r ied over from the wet wel l . A low-pressure rupture disc normally separates 
the wet well water and a i r spaces. During normal operation, the atmosphere 
wi th in the containment is maintained at subatmospheric pressure to improve the 
performance of the pressure-suppression system. The containment dry well cool-
ing system aids in control l ing containment pressure during a LOCA. 

Biological Shielding 

Biological shielding l im i ts radiation exposures to operating personnel and to 
the public in the fol lowing manner: 

1. Normal operation and anticipated operational occurrences — to ensure that 
radiation doses to operating personnel and to the public are wi th in the 
absorbed dose l im i t s set for th in 10 CFR 20 and 10 CFR 50 and as low as 
reasonably achievable. 

2. Emergency conditions — to ensure that operating personnel are adequately 
protected and to preclude undue hazards to the public. For operating per-
sonnel the applicable regulation is 10 CFR 50, Appendix A,1 2 Cr i ter ion 19, 
and for the publ ic, 10 CFR 100.5 
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Access to a PE-CNSG w i l l be supervised at a l l times<% The plant is divided in-
to radiat ion zones according to the radiat ion environment and plant operational 
status. These zones are characterized by the maximum design allowable dose 
rates permitted and are designated I , I I , I I I , IV, and V in order of increas-
ing intensi ty of exposure as defined below. Zone V would normally be r e s t r i c t -
ed to areas wi th in the ..containment and biological shield. Other areas would 
be determined by detailed shield design and by radiat ion survey. 

Maximum dose 
Zone rate, mRem/h Maximum occupancy 

I 0.25 Continuous 
I I 1.0 12 h/day or 1250 h/qtr 
I I I 12 1 h/day or 12.5 h/qt r 
IV 100 8 min/day or 12.5 h/qtr 
V >100 Normally inaccessible 

1. Uncontrolled access area (zone I ) — an area that can be occupied by plant 
personnel or v is i to rs on an unlimited time basis with a minimum probabi l i ty 
of health hazard from radiat ion exposure. 

2. Controlled access areas (zones I I -V) - areas in which radiat ion levels and/ 
or radioactive contamination can be expected. In general, only plant per-
sonnel d i rec t l y involved in the operation of the plant w i l l be allowed to 
enter these areas. Maximum occupancy time is determined by the zone de-
sign dose rate. 

Controlled access areas are ident i f ied by radiat ion caution signs at a l l points 
of access and other strategic locations. Access res t r i c t ions may be enforced. 
No inadvertent crossover from an uncontrolled area into a control led area or 
vice versa is possible under these conditions. 

Uncontrolled access areas are those that w i l l receive radiat ion dose rates of 
less than 0.25 mRem/h. These areas can be entered by individuals who have re-
ceived authorization to enter the plant. . 

In an emergency personnel in control led areas w i l l be able to use escape routes 
to minimize ex i t time. 

High-radiation areas are those in which dose rates of more than 100 mRem/h can 
be expected. These areas are normally inaccessible since they are blocked o f f 
completely or can be entered only through locked or control led doors. 
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Shielding materials are selected on the basis of shielding effect iveness, 
ease of i ns ta l l a t i on , and invariance of shielding properties with respect to 
time and radiat ion environment. The biological shielding consists of four 
d i s t inc t categories of shields, which are discussed in turn under the fol low-
ing headings. 

Primary Shielding 

The primary shielding is defined as a l l shielding material and structural ma-
te r i a l inside the containment that serves (1) to l i m i t the radiat ion level 
inside the containment during shutdown and (2) to l i m i t the radiat ion levels 
outside the containment during normal operation. The major components of the 
primary shielding are as fol lows: 

Suppression Pool 

The suppression pool, in addition to i t s primary design funct ion, also serves 
as an ef fect ive neutron shield, which, taken in aggregate with the containment 
shield, l im i ts the neutron levels [and to some extent, the gamma ( f lux) out-
side the containment to wi th in the design c r i t e r i a ] . 

Reactor Cavity Shield 

The annular gap between the pressure vessel and the inner suppression pool 
wall w i l l be f i t t e d with an annular shield plug to l i m i t the radiat ion stream-
ing up the cavi ty. This shield w i l l be designed (1) to r e s t r i c t neutron and 
gamma fluences to equipment wi th in the containment, (2) to minimize dose rates 
to refueling and maintenance personnel, and (3) to aid in l im i t i ng the dose 
rates outside the containment during operation. 

To f a c i l i t a t e the design of th is shield, a test program has been established 
for a B&W central stat ion power plant , whereby measurements of the neutron and 
gamma f lux prof i les w i l l be taken in and around the reactor cavi ty . These mea-
surements w i l l then be used to establish the calculat ional methods for the 
cavity shield design on the PE-CNSG. 

Pressure Vessel and Internals 

These components provide a large f rac t ion of the required shielding for neu-
tron and gamma core radiat ion and for f iss ion and act ivat ion products in the 
reactor coolant. 
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Containment Shield 

The containment shield is designed to l im i t the radiat ion f i e l d outside the 
containment for both accident conditions and normal operation. In addit ion, 
i t ensures that dose rates are wi th in the prescribed radiat ion zones during 
normal operation due to sources in the containment. 

System and Component Shielding 

This category of shielding consists of wal ls, ce i l ings , f loors or pipe chases 
surrounding process equipment, and piping that may contain radioactive ma-
te r i a l s . The reactor bui lding is divided into various subcompartments con-
taining specif ic components, e .g . , the makeup demineralizer room. These sub-
compartments are zoned according to the i r desired occupancy. The shielding 
around the subcompartments is based on the radiat ion zones outside and the 
gamma source strength inside. 

Maximum shield thicknesses required around the major components in the reactor 
bui lding have been calculated on the basis of the fol lowing conservative as-
sumptions: 

1. 0.25% of the fuel cladding becomes defective allowing isotopic leakage 
from the fuel to the coolant. 

2. Full power (365 MWt) operation for 700 days. 
3. Pur i f icat ion demineralizer resins are flushed to the spent resin tank 

once per quarter. 
4. Liquid waste system demineralizer resins are flushed to the spent resin 

tank once per year. 
5. A demineralizer decontamination factor of 10 exists for a l l isotopes ex-

cept noble gases, Y, Mo, and Cs, which are not removed in the demineral-
izers. 

6. 0.38 m3 (100 gal) of primary coolant leakage per day. 
7. 0.38 m3 (100 gal) of secondary coolant leakage per day. 
8. 100% of the leaking noble gases is stored in three gas decay tanks. 

Table A-20 l i s t s the resultant shielding thicknesses required around various 
components. 

6.6-1 Babcock & Wilcox 



Table A- l . Dimensional Comparison 

Mark B (15 by 15) PE-CNSG (15 by 15) 

Metric Enqlish Metric Enqlish 

No. of FRs per FA 208 208 208 (avg) 208 (avg) 
No. of LBPRs per assembly 16 16 16 (avg) 16 (avg) 
No. of guide tubes per assembly 16 16 16 16 
No. of ins t r tubes per assembly 1 1 1 1 
Fuel rod OD 10.922 mm 0.43 in. 10.922 mm 0.43 in . 
Cladding thickness 0.673 mm 0.0265 in . 0.673 mm 0.0265 in . 
Fuel rod pitch 14.427 mm 0.568 in. 14.427 mm 0.568 in . 
FA pitch spacing 218.11 nrn 8.59 in . 218.11 mm 8.59 in . 
Guide tube OD 13.462 mm 0.53 in . 13.462 nm 0.53 in. 
Instr tube spacer sleeve OD 14.072 nm 0.554 in. 14.072 mm 0.554 in. 

Fue1 pe l le t OD 9.398 mm 0.37 in. 9.347 mm 0.368 in. 

Fuel pel le t length 17.780 mm 0.7 in . 17.780 mm 0.7 in. 

Fuel stack length 3658 mm 144 in . 1829 mm 72 in . 



Table A-2. Fuel Assembly ' Components, Materials, and Dimensions 

Dimensions, mm 

Item M a t e r i a l ^ Metric, mm English, in . 

Fuel Rod 

Fuel 94% TD U02 s in-
tered pellets 

9.347 OD 0.368 OD 

Cladding Zircaloy-4 10.922 OD x 9.576 ID 0.43 OD x 0.377 ID 
Fuel rod pitch — 14.427 0.568 
Active fuel length — 1829 72 
Nominal fuel-c lad-
ding gap (BOL) 

— 0.229 0.009 

Fuel Assembly 

Fuel assembly pi tch — 218.11 8.59 

Overall dimensions 2454.28 axial 
216.814 x 216.814 lateral 

96.62 axial 
8.54 x 8.54 lateral 

Guide tube (24) Zircaloy-4 13.462 OD x 12.649 ID 0.53 OD x 0.5 ID 
Instr tube (1) Zircaloy-4 12.522 OD * 11.201 ID 0.493 OD x 0.44 ID 

End f i t t i n g (2) Stainless steel — — 

Spacer gr id (8) Inconel-718 — — 

Spacer sleeves (7) Zircaloy-4 14.072 OD x 12.751 ID 0.554 OD x 0.502 ID 

^ M a r k B and CNS6 fuel assemblies use the same materials. 



Table A-3. Control Rod Assembly Data 

Metric English 

Number of CRs per assembly 16 16 
OD of CR 11.176 mm 0.44 in . 

Cladding thickness 0.762 mm 0.03 in . 
Cladding material 304 SS, 

cold-worked 
304 SS, 
cold-worked 

End plug material 304 SS, 
annealed 

304 SS, 
annealed 

Spider material SS, Gr CF3M SS, Gr CF3M 
Poison material BhC B4C 
Bi,C pe l l e t OD 9.271 mm 0.365 in . 

Length of poison section 1727 mm 68 i n . 
Stroke of CR 1829 mm 72 i n . 
Number of assemblies 17 17 
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Table A-4. Burnable Poison Rod Assembly Data 

No. of BPRs per assembly 
OD of BPR 
Cladding material 
End cap material 
Poison material 
Length of poison section 
Spider material 
Pel le t OD 

Metric (English) 

16 

10.922 mm (0.43 i n . ) 
Zircaloy-4 
Zircaloy-4 
Bi+C in A1203 

1829 mm (72 i n . ) 
SS, Gr CF3M 
5.08 mm (0.20 i n . ) 

Table A-5. Or i f ice Rod Assembly Data 

Metric (English) 

No. of ORAs per assembly 
0D of o r i f i c e rod 
Or i f i ce rod material 
Spider material 
Length of o r i f i c e rod 

16 

12.192 mm (0.48 i n . ) 
304 SS, annealed 
SS, Gr CF3M 
406.4 mm (16 i n . ) 
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Table A-6. Fuel Loadings 

I n i t i a l 
Batch No. of Residence enrichment, 

No. assemblies time, EFPD % 2 3 5U 

1 A ^ 12 291.5 2.03 
IB 16 583.0 2.44 % 

1C 13 874.5 3.01 
ID 16 1166.0 3.57 
2 12 1166.0 3.57, 
3 16 1156.0 3.57 \ 
4 13 1166.0 3.57 
5 16 1166.0 3.57 
6 12 1166.0 3.57 
7 16 1166.0 3.57 
8 13 1166.0 3.57 
9 16 1166.0 3.57 

10 12 1166.0 3.57 
11 16 1166.0 3.57 
12 13 1166.0 3.57 
13 16 1166.0 3.57 

(a^lA-D, i n i t i a l fuel loadings. 
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Table A-7. Makeup and Pur i f icat ion System 
Design Data 

Metric Enqlish 
Letdown Coolers 

No. ins ta l led 2 2 
Type Shel l /spi ra l tube Shel l /sp i ra l tube 
Heat transferred per cooler 2.29 MW 7.81 x io6 Btu/h 
Shell-side flow (CCW) 15.12 kg/s 1.2 x 105 lb /h 
Tube-side flow 1.86 kg/s 1.48 x 10'' Ib/h 
Shell-side AT 35-71C 95-160F 
Tube-side aT 93.3-343.3C 200-650F 
Material, shel l / tube CS/SS CS/SS 
Design temp, shel l / tube 93.3/343.3C 200/650F 
Design pressure, shel l / tube 1551/17,240 kPag 225/2500 psig 

Pur i f icat ion Demineralizers 

No. ins ta l led 2 2 
Material SS SS 
Volume, resin 0.85 m3 30 f t 3 

Design temperature 79.4C 175F 
Operating temperature 48.8C 120F 
Design pressure 1379 kPag 200 psig 
Operating pressure 103-241 kPag 15-35 psig 
Maximum flow 0.00189 m3/s 30 gpm 
Operating flow 0.00158 m3/s 25 gpm 

Pur i f icat ion F i l t e r 

No. ins ta l led 2 2 
Type Disp cartr idge Disp cartr idge 
Material 
Size, ABS 23 y 23 y 
Design temperature 79.4C 175F 
Operating temperature 48.8C 120F 
Design pressure 1379 kPag 200 psig 
Operating pressure 103-241 kPag 15-35 psig 
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Table ft-7. (Cont'd) 

Metric English 

Maximum flow 
Operating flow 

Makeup Tank 

No. ins ta l led 
Material 
Volume 
Design temperature 
Operating temperature 
Design pressure 
Operating pressure 

Makeup Pumps 

Number 
Type 
Capacity/head 
Pump material 
Design temperature 
Operating temperature 
Design pressure 
Operating pressure 

Makeup Pump Recirculation Cooler 

Number 
Type 
Heat transferred per cooler 
Shell-side flow (CCW) 
Tube-side flow 
Shell-side AT 
Tube-side AT 
Mater ial , shel l / tube 
Design temp, shel l / tube 
Design pressure, shel l / tube 

0.00189 m3/s 
0.00158 m3/s 

1 
SS or CS/SS 
39.2 m3 

79.4C 
48.8C 
689 kPag 
103-241 kPag 

30 gpm 
25 gpm 

1 
SS or CS/SS 
1385 f t 3 

175F 
120F 
100 psig 
15-35 psig 

Ver t i ca l , mult i -stage, centr i fugal 
0.011/1646 
SS wetted parts 
176.6C 
48.8C 
17,240 kPag 
15,860 kPag 

175/5400 
SS wetted parts 
350F 
120F 
2500 psig 
2300 psig 

She l l / sp i ra l tube 
0.15 MW 
3.15 kg/s 
3.15 kg/s 
35-46.1C 
60-48.8C 
CS/SS 
93.3/79.4C 
1551/1379 kPag 

She l l / sp i ra l tube 
5 x lo 5 Btu/h 
2.5 x 10" Ib/h 
2,5 x 10** Ib /h 
95-115F 
140-120F 

' CS/SS 
200/175F 
225/200 psig 
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Table fl-8. Decay Heat Removal System Design Data 

Decay Heat Exchangers 

Quantity 
Type 
Design heat load @ 60C (140F) 
Shel l -s ide flow (CCW) 
Tube-side flow 
Design pressure, she l l / tube 
Design temperature, she l l / tube 
Mater ia l , shel l / tube 

Decay Heat Pumps 

Quantity 
Type 
Capacity/head 

Decay heat removal 
Low-pressure in jec t ion 

Material 

Metric 

2 
Shel l / tube 
1.05 MW 
3.15 kg/s 
3.15 kg/s 
1034/5516 kPa 
107.2/176.6C 
CS/SS 

2 
Centrifugal 

0.0315 m3/s/73.8 m 
0.0252 m3/s/160 m 
SS 

English 

2 
Shell / tube 
3.6 x 106 Btu/h 
25,000 lb /h 
25,000 lb /h 
150/800 psig 
225/350F 
CS/SS 

2 

Centrifugal 

500 gpm/242 f t 
400 gpin/525 f t 
SS 
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Table A-9. Emergency Decay Heat System Design Data 

System Parameters 

Steam system design pressure 
Steam system design temp 
FW system design pressure 
FW system design temperature 
Total system dry weight 
ASME Safety Class, USNRC Quality Class 

Feedwater Pump 

Quantity 
Type 
Design (rated) flow rate (each) 
Total developed head 
Feed temperature 
Brake horsepower (each) 
Mater ia l , casing/ impel ler /shaf t 

Emergency Decay Heat Turbine 

Quantity 
Type 

Turbine steam pressure (max) 
Turbine steam temp (max) 
Turbine exhaust pressure 
Turbine horsepower 
Turbine steam consumption 
Material 

Metric 

7584 kPag 
321C 
Later 
Later 
22,700 kg 
I I I , 2/B 

Centrifugal 
0.0473 m3/s 
Later 
35C 
Later 
CS/SS/SS 

English 

1100 psig 
610F 
Later 
Later 
50,000 lb 
I I I , 2/B 

Centri fugal 
750 gpm 
Later 
95F 
Later 
CS/SS/SS 

Steam, Terry Steam Turbine Co. 
Model Zr-4 or equivalent 
4620 kPag 670 psig 
279C 535F 
Later Later 
Later Later 
Later Later 
CS CS 
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Table A-10. Component Cooling Water System Design Data 

System Parameters 

Design temp 
Design pressure 

Component Coolers 

Quantity 
Type 
Design heat load (each) 
Tube side (service water) 

Flow 
Design i n l e t temp 
Normal oper. i n l e t temp range 
Material 

Shell side (chromated) 
Flow 
Normal oper. temp, i n l e t / o u t l e t 
Material 

Main Ci rcu lat ing Pumps 

Quanti ty/service 
Type 
Design (rated) flow rate (each) 
Total dev. head 
Motor power (each) 
E lect r ica l requirements 
Material 

Booster Pumps 

Quanti ty/service 
Type : 
Design (rated) f low rate (each) 
Total dev. head 
Motor power (each) 
E lec t r i ca l requirements 
Material 

Metric 

107.2C 
1034 kPag 

2 
Shel l / tube 
2.93 MW 

0.1136 m3/s 
29.4C 
4.4-29.4C 
90/10 CuNi 

0.0946 m3/s 
46.1-35C 
CS 

3/chromated water 
Centri fugal 
0.0946 m3/s 
559 kPag 
93.25 kW 
440 Vac, 60 Hz, 3«|) 
CS 

2/chromated water 
Centr i fugal 
0.025 m3/s 
747 kPag 
22.4 kW 
440 Vac, 60 Hz, 3* 
SS 

A:58 

English 

225F 
150 psig 

2 
Shell / tube 
10 x 106 B t u / h 

1800 gpm 
85 F 
40-85F 
90/10 CuNi 

1500 gpm 
115-95F 
CS 

3/chromated water 
Centri fugal 
1500 gpm 
187 f t H20 
125 hp 
440 Vac, 60 Hz, 3* 
CS 

2/chromated water 
Centr i fugal 
400 gpm 
250 f t H20 
30 hp 

440 Vac, 60 Hz, 3<fr 
SS 

Babcock & Wilcox 



Table ft-10. (Cont'd) 

Metri c English 

Magnetic F i l t e r 

Quantity 
Design flow 
Removal ra t ing (nominal) 

Surge Tank 

Quantity 
Capacity 
Operating pressure 
Operating temp 
Material 

CRD Cooling Jackets 

Quantity (1/CRDM) 
Heat load (per CRDM) 
Flow per jacket (min/max) 
Cooling water i n l e t temp (min/max) 
Material (wetted surface) 

0.0252 m3/s 
23 y 

0.566 m3 

101.3 kPa 
35C 
CS 

17 
7.62 kW 

1 
400 gpm 
23 y 

2 
20 f t 3 

Atmospheric 
95F 
CS 

17 
2.6 x 101* Btu/h 

0.0013/0.00019 m3/s 2/3 gpm 
15.6/48.8C 60/120F 
304 SS or equiv. 304 SS or equiv. 
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Table A - l l . Containment Dry Hell Cooling 
System Design Data 

Metric English 

Normal Operation 

Design heat load 
Hot surfaces within containment excluding CRDMs 56.9 kW 194,300 Btu/h 
Control rod drives 66.3 kW 226,400 Btu/h 
Total 123.2 kW 420,700 Btu/h 

Air flow d is t r ibut ion 
Flow through CRD, service structure (downflow) 3.077 m3/s 6520 cfm 
Air drawn through dry well (excluding flow 

through CRDM service structure) 6.60 m3/s 13,980 cfm 
f Total 9.68 m3/s 20,500 cfm 
Ol 
° Air temperatures 

At d is t r ibut ion points 37.7C 100F 
Design bulk average in containment 48.8C 120F 
In le t to mixing box from dry well atmosphere 60.OC 140F 
In le t to CRDM service structure (top) 37.7C 100F 
Average temperature inside CRDM service 

structure 65.5C 150F 
Outlet from CRDM service structure (bottom) 

into mix box 93.3C 200F 
Average temperature inside mixing box (coi l 

ra i n le t ) 70.5C 159F 
g" Normal operating humidity range 60-100% 60-100% 
o o 
7T 
8o Emergency Operation (Post-LOCA) 

S Air f low, 4.84 m3/s 10,250 scfm 
g Peak temperature 165.5C 330F 

Peak ambient pressure 724 kPag 105 psig X 



Table 

Normal Service Fans 

Quantity 
Type 

Capacity per fan, flow/rpm/pressure 

Estimated motor power per fan 
Elect r ica l requirements 

Emergency Service Fans 

Quantity 
Type 

Capacity, flow/rpm/pressure 

Estimated motor power (each) 
Electr ica l requirements 

Containment Cooling Coils 

Quantity 
Type 
Total head load (sensible) normal operation 
Material 

Tubes 
Fins 

A i r side normal operation 
A i r flow veloci ty over co i ls 

(Cont'd) 

Metric English 

2 2 
Single-speed, variable p i tch , vaneaxial, draw 
through 
9.68 m3/s/2400/1.99 kPag 20500 scfm/ 

2400/8 in . WG 
29.84 kW 40 hp 
440 V ac, 60 Hz, 3$ 440 V ac, 60 Hz, 

3$ 

2 2 
Single-speed, var iab le-p i tch, vaneaxial, draw 
through 
0.484 m3/s/1200/0.498 kPag 10,250 scfm/1200/ 

2.0 in . WG 
29.84 kW 40 hp 
440 V ac, 60. Hz, 3 <p 440 V ac, 60 Hz, 

3<{. 

2 
Finned tube 
123.2 kW 

90/10 CuNi 
Cu 

2 
Finned tube 
420,700 Btu/h 

90/10 CuNi 
Cu 

4.17 m/s 820 fpm 



Pressure drop 
A i r temperature ( in /out) 

Air side emergency operation 
Peak flow veloci ty over co i ls 
In le t temperature 
Peak heat removal capacity 

A i r side design pressure 
Air side design temperature 
Water side normal operation 

Water flow 
Normal i n l e t temperature 
Normal out le t temperature 
Pressure drop 

Water side emergency operation 
Water flow 
Normal i n l e t temperature 
Peak out le t temperature 
Pressure drop 

Ducting, F i t t ings , Cabinets, Piping 

Ducting 
Design pressure in e i ther d i rect ion 
Design temperature 
Material 

Piping 
Design pressure 
Design temperature 

(Cont'd) 

Metric 

0.323 kPag 
70.5/37.7C 

Later 
48.8-165.5C 
Later 
861.8 kPa 
176.6 

0.011 m3/s 
35C 
37.6C 
17.91 kPa 

0.0221 m3/s 
35C 
Later 
71.66 kPa 

English 

1.3 in . WG 
159/100F 

Later 
120-330F 
Later 
125 psia-
350F 

175 gpm 
95F 
99.8F 
6 f t H20 

350 gpm 
95F 
Later 
24 f t Hz0 

2.49 kPag 
1766C 
CS, galv. 

Sch 40, CS 
176.6 C 

10 in . WG 
350 
CS, galv. 

Sch 40, CS 
350 F 



Table A-12. 

Exhausrt Fi l ter Trains 

Par t imra fe fT l t e r r 
Q0gn.ti.t5 
Tw2£: 
feSa. 

fesO TtDW 

TciH. glETEE 
E r f t c i a i c y 

Rsts i prsEsirre zrop unloaded 
Cfxfr=-

Qarcaal f 
Quantity 
Basst new per charcoal uni t 

S^ntnle z±zs 
Inrft toTi i=mperature 
ffaxlmum moisture content 
Gasisttrrg material 
Casjrg 
Exfrrreticy, % 

Residence time 

Reactor Compartment Vent i lat ion System 
D e s i g n Data 

4 
HEPA, dry 
Glass f iber (waterproof, f i re- re tardant ) 
6.61 m3/s (14,000 scfm) 
Asbestos (waterproof) 
Cadmium-plated CS 
4-mesh galv hardware cloth 
ASTM D-1056, Grade SCE-43 
99.97% with 0.3 u dia. DOP 
MI L-STD-282 
248.9 Pa (1.0 in . WG) 
Health and Safety Bu l le t in 306, March 31, 1971; UL-586, 
MIL-STD 282, May 28, 1965 

2 
6.61 m3/s (14,000 scfm) 
Activated coconut shell-impreg 
8-16 mesh 
360C (680F) 
3% 
ASTM D-1056, Fr. SCE-43 
Type 304 SS 
99.9 elem. iodine @ 0.2032 m/s (40 fpm), 25C, 90% RH 
99.5 methyl iodine 0 0.2032 ra/s (40 fpm), 25C, 90% RH 
99.9 freon-112 based on AEC-DP-1082 (July 1967) 
0.50 s 



Rated pressure drop 
Codes 

Fresh Air In let Fi l ters to Control Room 

Particulate f i l t e r s 
Quantity 
Type 
Media 
Rated flow (each) 
Separators 
Cell-side material 
Face guards 
Gasketing 
Efficiency 
Rating basis 
Rated pressure drop unloaded 
Codes 

Charcoal f i l t e r 
Quantity 
Rated flow per charcoal unit 
Type 
Granule size 
Igni t ion temperature 
Maximum moisture content, % 
Gasketing material 
Casing 
Eff ic iency, % 

e A-12. (Cont'd) 

498 Pa (2.0 in . WG) 
AEC-DP-1082 (July 1967) 

2 
HEPA, dry 
Glass f iber (waterprrof, f i re-retardant) 
2.360 m3/s (5000 scfm) 
Asbestos (waterproof) 
Cadmium-plated carbon steel 
4-mesh gal yarn"zed hardward cloth 
ASME D-1056, Grade SCE-43 
99.97% with 0.3 p dia. D0P 
MIL-STD-282 
249 Pa (1.0 in . WG) 
Health and Safety Bul let in 306, March 31, 1971; UL-586, 
MIL-STD-282, May 28, 1965 

1 
2.360 m3/s (5000 scfm) 
Activated coconut shell-impregnated 
8-16 mesh 
360C (680F) 
3 
ASTM D-1056, GR. SCE-43 
Type 304 stainless steel 
99.9 elem. iodine at 0.2032 m/s (40 fpm), 25C and 90% RH 
99.5, methyl iodine 0.2032 m/s (40 fpm @ 25C), and 90% RH 
99.9 freon-112 based on AEC-DP-1082 (July 1967) 



Residence time, seconds 
Rated pressure drop 
Codes 

Pref i I ters (Roughing F i l te rs ) 

Reactor compartment fresh a i r intake 
f i l t e r s 

Quantity 
Type 
Media 
Rated flow 
Eff iciency 
Rated pressure drop unloaded 

Exhaust duct intake f i l t e r s 
Quanti ty 
Type 
Media 
Rated flow 
Eff iciency 

Rated pressure drop unloaded 

Exhaust Fans 

Quantity 
Rated f low, (each) 
Discharge pressure 
Estimated brake horsepower (each) 
Estimated motor horsepower (each) 
Material Electr ical requirements 

Table A-12. Cont'd) 

0.25 
249 Pa (1.0 in . WG) 
AEC-DP-1082 (July 1967) 

2 
Later 
Glass f iber (waterproof, f i re-retardant) 
5.19 m3/s (11,000 scfm) 
50% NBS (dust spot) min 
24.9-125 Pa (0.1-0.5 in. WG) 

Later 
Later 
Glass f iber (waterproof, f i re-retardant) 
Later 
50% NBS (dust spot) min 
24.9-125 Pa (0.1-0.5 in. WG) 

3 
6.56 m3/s (13,900 scfm) 
4980 Pa (20 in . WG) 
47 kW (63 hp) 
56 kW (75 hp) 
Carbon steel , galvanized 
440 Vac, 60 Hz, 3$ 



Table A-12. (Cont'd) 

Vacuum Pumps 

Quantity 
Type 
Capacity 
Estimated brake horsepower 
Normal operating pressure range 

(suction/discharge) 
Estimated motor horsepower 
Electr ical requirements 

2 
Rotary, water seal 
0.0708 m3/s (150 scfm) 
7.46 kW (10 hp) 

34-48 kPa/atm (5-7 psia/atm) 
11.2 kW (15 hp) 
440 Vac, 60 Hz, 3* 



Table A-13. Solid Waste Disposal System Component Data 

Spent Resin Storage Tank 

Vol ume 

Design pressure 
Design temperature 
Material 
Code 

Spent Resin Transfer Pump 

Quantity 
Type 
Capacity/head 
Design temperature 
Code 

Metric English 

7.079 m3 250 f t 3 

2.758 kPag 4 psig 
65.5C 150F 
SS 
ASME I I I , Class 3 

2 

Centrifugal 
0.003155 m3/s/42.67 m 50 gpm/140 f t 
93.3C 200F 
ASME V I I I 
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Table A-14. Solid Waste Disposal System Component Data 

Metric Engl ish 

System Parameters. 

Design pressure 1034 kPag 150 psig 
Design temperature 93.3C 200F 

Liquid Waste Storage Tank 

quanti ty 2 2 
Volume 17 m3 600 f t 3 

Design pressure 138 kPag 20 psig 
Operating pressure 20.7-34.5 kPag 3-5 psig 
Design temperature 93.3C 200F 
Material 304 SS 304 SS 

Liquid Waste Col lect ion Tank 

Quantity 1 1 
Volume 17 m3 600 f t 3 

Design pressure . 138 kPag 20 psig 
Operating pressure 20.7-34.5 kPag 3-5 psig 
Design temperature 93.3C 200F 
Material 304 SS 304 SS 

Low-Activity Waste Storage Tank 

Quantity 1 1 
Volume 7.08 m3 250 f t 3 

Design pressure 138 kPag 20 psig 
Operating pressure 20.7-34.5 kPag 3-5 psig 
Design temperature 93.3C 200F 
Material 304 SS 304 SS 

Pur i f i ca t i on Demineralizer 

Quantity 3 3 
Type Mixed bed Mixed bed 
Vessel material 304 SS 304 SS 

A-57 Babcock & Wilcox 



Table A-14. (Cont'd) 

Resin volume per uni t 
Flow 
Design pressure 
Design temp 

Demineralizer F i l t e r 

Quantity 
Type 
Vessel material 
Micron size (nominal) 
Flow 
Design pressure 
Design temperature 

Demineral izer F i l t e r 

Quantity 
Type 
Vessel material 
Micron size (abs) 
Flow 
Design pressure 
Design temperature 

Waste Transfer Pumps 

Quantity 
Type 
Material 
Capacity 
Head 
Motor power 
Design pressure 
Design temperature 
Elect r ica l requirements 

Metric 

0.425 m3 

0.00189 m3/s 
1034 kPag 
93.3C 

English 

15 f t 3 

30 gpm 
150 psig 
200F 

1 
Disposable element 
304 SS 
75 u 
0.00189 m3/s 
1034 kPag 
93.3C 

1 
Disposable element 
304 SS 
10 
0.00189 m3/s 
1034 kPag 
93.3C 

1 
Disposable element 
304 SS 
75 y 

30 gpm 
150 psig 
200F 

1 
Disposable element 
304 SS 
10 M 
30 gpm 
150 psig 
200F 

4 
Centrifugal 
SS wetted parts 
0.00189 m3/s 
289.3 kPa 
1.12 kW. 
1034 kPag 
93.3C 
440 Vac, 60 Hz, 3+ 

4 
Centrifugal 
SS wetted parts 
30 gpm 
120 f t H20 
1.5 hp 
150 psig 
200F 
440 Vac, 60 Hz, 3* 
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Table A-15. Solid Waste Disposal System Component Data 

Design pressure 
Design temperature 

Waste Gas Compressor 
No. of units 
Type 
Operating discharge pressure 

range 
Operating suction pressure range 
Approximate compressor brake 

power 
Approximate motor power 
Material (wetted surfaces) 
E lec t r ica l requirements 

Gaseous Waste Decay Tank 
No. of units 
Usable volume 
Design pressure 
Design temperature 
Material 

Hydrogen-Oxygen Gas Analyzer 
No. of units 
Capacity 
E lec t r i ca l requirements 

Exhaust F i l t e rs 
Par t icu la te f i l t e r s 

Quantity 
Type 

Media 

Rated flow (each) 
Separators 
Cell side material 
Face guards 

Gasketing 
Ef f ic iency 

Rating basis 
Codes: 

1379 kPag (200 psig) 
149C (300F) 

3 
Diaphragm 
atm-1207 kPag (atm-175 psig) 

69-241 kPag (10-35 psig) 
2.16kW (2.9 hp) 

2.24kW (3.0 hp) 
304SS 
440 V ac, 60 Hz, 3* 

5 
2.12 m3 (75 f t 3 ) 
1379 kPag (200 psig) 
149C (300F) 
SS, CS w/paint , or f iberglass 

1 
10 samples 
110 V ac, 60 Hz 

2 
HEPA (high e f f i c iency par t icu la te 

a i r ) , dry 
Glass f i be r (waterproof, f i r e re-

tardant) 
0.00944 m3/s (20 scfm) 
Asbestos (waterproof) 
304SS 
4-mesh stainless steel hardware 

c lo th 
ASTM D-1056 Grade SCE-43 
99.97% wi th 0.3 micron-diameter 

DOP 
MIL-STD-282 
Health and safety 

Bu l l e t i n 306, dated March 31, 
1971 
UL-586 
MIL-STD 282, dated May 28, 1965 
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Table A-15. (Cont'd) 

Charcoal F i l t e r s 
Rated flow per charcoal un i t 
Type 

Granule size 
Ign i t ion temperature 
Maximum moisture content (%) 
Gasketing material 
Casing 
Ef f ic iency (%) 

Retent iv i ty , 
Codes 

seconds 

0.00944 m3/s (20 scfm) 
Activated coconut she l l , impreg-

nated 
10-14 mesh 
360C (680F) 
3 
ASTM-D1056, Gr SCE-43 
304SS 
99.9, elemental iodine, at 0.2032 

m/s (40 fpm) 25C and 90 percent 
re la t i ve humidity 

99.5, methyl iodide, at 0.2032 m/s 
(40 fpm) 25C and 90 percent 
re la t i ve humidity. 

99.9, freon 112, based on AEC-DP-
10S2, July 1967 

3.0 
AEC-DP-1082 (July 1967) 
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Table A-16. Pogt-LOCA Combustible Gas Control System Design Data 

Data descr ipt ion Parameter 

Post-LOCA Combustible GascControl System 

(12050/A2.5) 

1.0 Iner t ing agent 
Type 

Generic name 
Chemical composition 
Quality 

2.0 Required concentration, vol % (peak) 

3.0 Volume to be inerted 

4.0 Maximum allowable un-inerted H2 con-
centrat ion in 5 volume % 0 2 , vol % 

Gaseous, chemical flame 
inh ib i to r 
Halon 
CF3Br (Halon 1301) 
In compliance with Mil-M-
12218 

M54 

^1274 m3 (-X4.5 x 10^ f t 3 ) 

5.0 Maximum allowable un-inerted 02 con-
centrat ion in 4 volume % H2 , vol % 

6.0 "Halon 1301 in jec t ion 

H2 concentration at time of i n j ec t i on , 
vol % (maximum) 
Time a f te r LOCA, h 

7.0 Quantity of iner tant 

Required for ine r t ing 
Available (125% of required) 

8.0 Tankage 

Quantity 
Required capacity (each) 
Halon 1301 storage density (maximum) 
Storage pressure @ 21.1C (70F) 
Pressurizing agent 
Design temperature 
Design pressure 
Material 

3.5 
'vlO 

^8384 Kg (^18484 Ibm) 
VL0480 Kg (-v23105 lbm) 

1.9 m3 (67 f t 3 ) 
1121 Kg/m3 (70 l bm / f t 3 ) 
2482 kPag (360 ± 5% psig) 
Nitrogen 
93.3C (200F) 
10860 kPag (1575 psig) 
Carbon steel 
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Table A-16. (Cont'd) 

9.0 Halon 1301 d i s t r i bu t i on nozzles 

Size 
Material 

10.0 Suppression pool f i l l pumps 

Suppression pool cooling system 
Pumps perform th is funct ion 

Quantity 
Time to f i l l suppression pools with 
1 pump operating, hr 
Flow (each) 
Total developed head 

11.0 System code c lass /qua l i ty group 

ASME 

USNRC 

Later 
SS 

3 
Later 

Later 
Later 

Section I I I , Class 2 

Qual i ty group B 
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Table A-17. Suppression Pool Cooling 
System Design Data 

Metric English 

Design pressure 
Design temperature 

Suppression-pool heat exchangers 
Number 
Type 
Design heat load 
Flow (shel l / tube) 
Material 

Suppression-pool cooling pumps 
Number 
Type 
Capacity 
Head 
Material 

1378 kPag 
93.3C 

2 
Shell & tube 
3.52 kW 
1.52/1.52 kg/s 
CS shel l & tube 

Centri fugal 
0.00631 m3/s 
45.7 m 
CS 

200 psig 
200F 

2 
Shell & tube 
12,000 Btu/h 
12,000/12,000 lb /h 
CS shel l & tube 

Centr i fugal 
100 gpm 
150 f t 
CS 
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Table A-18. Typical Refueling Procedure 

Step Description 

1 Checkout bui ld ing services 
2 Checkout fuel handling equipment 
3 Inspect and store new fuel 
4 Inspect and store new control rod and burn-

able poison rod assemblies 
5 Reduce power, shut down reactor and borate 

coolant 
6 Cooldown and depressurize reactor coolant 

system 
7 Vent i late containment vessel 
8 Disconnect control rod dr ive service and 

e lec t r i ca l l ines 
9 Remove control rod dr ive housing caps 

10 Disconnect CRDs from extensions 
11 Remove b io logical shielding 
12 Wash re fue l ing area 
13 Detension and remove containment vessel l i d 

studs 
14 Remove containment vessel l i d 
15 Replace CV l i d 0-r ings 
16 Remove missi le shield 
17 Remove reactor vessel closure head thermal 

insulat ion 
18 Lower reactor Goolant level to below flange 
19 Detension RV closure head studs 
20 Remove 2 studs, i n s t a l l alignment studs, 

i n s t a l l spacers under other studs 
21 Remove reactor vessel closure head 
22 Inspect studs 
23 Replace RV closure head 0-r ings 
24 Control rod dr ive maintenance and replacement 
25 Disconnect CRD .extensions from CRA couplings 
26 Ins ta l l protect ive r ing 
27 Remove internals with, t ransfer cask 
28 Ins ta l l SG ba f f l e l i f t i n g f i x t u r e 
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Ste 

29 
30 
31 
32 
33 
34 

35 
36 
37 
38 

39 
40 
41 
42 
43 
44 
45 

46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 

Table A-13. (Cont'd) 

Description 

Remove steam generator ba f f l e 
Ins ta l l manipulator 
Ins ta l l portable aux i l ia ry neutron detectors 
Unload a l l fuel from core (see Table D-2). 
Remove portable neutron detectors 
Control component handling in pool (see Table 
D-3) 
Failed fuel detection and handling 
Remove manipulator 
Lower reactor coolant to below steam generators 
Steam generator tube inspection: 
Set up equipment 
Inspection 
Tear down equipment 
Raise reactor coolant level 
I ns ta l l manipulator 
I ns ta l l portable aux i l ia ry neutron detectors 
Load fuel (see Table D-2) 
Remove portable neutron detectors 
Remove manipulator 
I ns ta l l steam generator ba f f le and remove 
l i f t i n g f i x t u re 
Replace internals with transfer cask 
Remove protect ive r ing 
Connect CRD extensions to CRA couplings 
Replace reactor vessel closure head 
Ins ta l l RV closure head studs 
Remove alignment studs 
Connect CRDs to extensions 
Ins ta l l and leak test CRD housing caps 
Reinstal l CRDM service and e lec t r ica l l ines 
Tension RV closure head studs 
RV closure head leak tes t 
Replace RV closure head thermal insulat ion 
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Table A-18. (Cont'd) 

Step Description 

58 Ref i l l reactor coolant system (includes vent-
ing CRD housings and RC system) 

59 Replace missi le shield 
60 Inspect containment 
61 Post-refueling CRD test 
62 Replace containment vessel l i d , tension studs, 

O-ring test 
63 Containment in tegr i ty test 
64 Decontaminate refueling area 
65 Replace biological shielding 
66 Heat up reactor coolant system 
67 Leak rate test RC system: Pressurizer leve l , 

makeup rate, flange 0-rings 
68 Let down reactor coolant to adjust boron con-

centration 
69 Post c r i t i c a l physics tests 
70 Remove and store refueling equipment 
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Table A-19.. Refueling Fuel Handling 
Equipment L is t 

Pneumatic, wrenches 
Leadscrew servicing tools and equipment 
Service structure monorail t r o l l i e s 
Stud tensioners 
Closure head stud l i f t i n g tool 
Reactor vessel cover/work platform 
CRDM extension servicing equipment 
Reactor vessel closure head support stand 
New fuel handling tool 
Reactor compartment cover handling r i g 
Stud tensioner handling r i g 
Closure head handling/leveling r i g 
Vessel cover/work platform handling r i g 
New fuel handling r i g 
CRD extension servicing stand handling r i g 
Vessel closure head stud handling r i g 
Reactor service bridge crane 
Refueling bridge (with extended reach) 
Spent fuel pool 
Shipping cask loading p i t 
Cask maintenance p i t 
Fuel and cask handling bridge crane 
Spent fuel pool cooling and cleanup system 
Fuel receiving and inspection area 
New fuel storage vaul t 
Reactor closure head storage p i t 
Refueling barrel 
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Table A-20. Component Shielding Thickness 

Minimum steel thickness 

Component Metr ic, mm English, 

Liquid waste demineralizer 150 6 
Waste co l lec t ion and storage tanks 110 4.375 

Liquid waste transfer, pumps (operating) 90 3.5 
Resin f lush piping (LWS) 100 4 
LWS f i l t e r s 80 3.125 
Spent resin tank 280 11 
Drum storage area 260 10.25 
Gas decay tank 290 11.375 
Waste gas compressor (operating) 270 10.625 
Letdown l i ne 80 3.125 
Pur i f i ca t ion demineralizer 300 11.75 

Makeup tank 150 6 
Makeup pump (operating) 150 6 

Resin f lush piping (makeup system) 220 8.625 
Makeup system f i l t e r s 280 11 
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Figure A-1. Steam Generator Module 

{ c 
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Figure A-2. Pressurizer 
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Figure A-3. Typical LBP Loading Per 
Fuel Assembly 
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Figure A-5. Fuel Rod 
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Figure A-7. Control Rod Drive Mechanism 
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0 MORE THAN O K I FUNCTION LETTER MAT SUCCEED TH! MEASURED VARIABLE 
L I F T E R WHIN THE DEVICE PERFORMS MORE THAN ONE FUNCTION. 
E I A H P L E S . P I T - PRESSURE I N D I C A T I N G TRANSMITTIR 

I P C - LEVEL R U O R D I N G CONTROLLER 

( ? ) THE CHEMICAL FORMULA ON PROCESS N I L L (IE WRITTEN OH T H I PAI D I G 
HEAR FHE PROCrSS INSFAUMINT. 

( T ) THE TTPC OF R A D I A T I O N TO BE DETECTED H I L L BE MR IYT EN ON THE P A I D . 

( u ) PARENTHESTS I N D I C A T E THAT THE ' O L L O W I H G MAT BL ADDED FOR C L A R I F I C A T I O N 
OF T H I SWITCH OH ALARM FUNCTION: 

LL • LOW LCk 
I - LOW 

H I • H IGH LOW 
HH - H I G H HIGH 

H • H I G H 
E I A M P L E . LAHH - L I V E L ALARM H I G H HIGH 

( J ) " I " I S USED TD RIPRESEMI AHY SPECIAL VARIABLES AHD MAT B l DEFINED AS REQUIRED, 

( f c ) COMPUTATION OR C0NVFR1ER O E S I G H A I I O N S . 

& 0 _ l T t P f Of CQHfOTOT'.QH 0 » CO.Nyt 

T TEMPERATURE CCMPCHS*t(ON 

6 • 0 1 F F E f t f K C f 

T. • SUWM(0 

ROOT I I t B 4 C t O » . K • 5 . U . 5 ETC. 

J * - MT tGPATf 

AVG • AVERAGE 

£ / P . VOLTAGE TO P N f U * » T l G 
I p • CURRENT T ? I M f U M A H C 
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Figure A-8b. Instrumentation, Piping Symbols 
and Designations 

cwpawM iptunnoiiDH 
each component is hsicnated c* m i m u x paid i t a sequence or u t t e r s and 
numiirs >s loans. 
l. ewMim (<1U<HI10< 
1. h o u k i n i number d i f f e ren t i a tes retwien components whick m r t t n i same 

abbreviation 

j . l e t te r INOICATIIt lOO' It.I. lie.i m i ! applicable 

eiahple (makeup I It ten i: 

i irdicatis m cocom is i mm 
! indicates 111 the second fILTI* in the iril(» 
a indicates the flow path 

««en i pen ' i f t i n i l 1 specific coaporeri m n r i t i n s , the fo l lowins order shows I I 
followed. 

i . unit number inhere appiicablei mo sivo* abbreviation followed •> » htpnin 

3. component abbreviat ion 

j . seouincc number 

u. loo. le t te r |W«IRt apri icablei 

eiample using the ' . clwonent : m i - f j a 

SHIM WMEVmiOHS 
>c • reactor building cooling ics 

caabr . chemical acoition 1 ioron rec. mi 
IS - reactor bui loins sp1at res 
ca - chemical addition ips 

cc • component cooling sfas 

ct - core flooding lw 

oh • oecat hcat rehoval » 
iip . high pressure injection •( 

mu - makeup and puri f icat ion spw 

rc • r lactor coolant cw 

rn - reactor haste sc 
sa • saktlwig i c i 

si - spent fuel cooling srci 

sp • secondant plant 

sv - sol 10 waste 

inhgrateo control ststem 

«0«-nutttar instr iwentat ior 

plant c04putir system 

reactor motec t io r stjtem 

» f ( 1 t features actuation s u t c h 

l i q u i d waste 

caseous haste 

u s s u evaporator 

stcoeoAHv n» ; .ash 
cooling haier 

steam generator c i k u l a t i o n ststch 

essential controls mo i n j t rwsn ia i i on 

safety related controls • instrumentation 

COMPONENT ING rwCflllHlU. HBBHEVHTIOWS _ 
c . cempressor a u i i l i art building 

slower or ian 
control rod orive 
ORT SOI OR SAMPLE SINK 
diminera l i / id water 
i i l t e r 
i low u r i f i c i 
EEEONATIR 
gas ahalt7er 
cooler or heat iichanger 
ml i c r (agi tator) 
manual valve 
HMROGIH SUFPLT 
RUHR 
reactor bu i ld i rg 
rupture disc. 
die i i i valvi 
sirainer 
s1fam generator 

. sample remote 

• sample local 
- SWIfl RING WALLS 
• safi m vaivi 
• tarn 

timperaturi average 
wmuntt coio 

• TEMPERATURE HOI 
. TfWIRAluR! Dlfl|»(«£F 
- valvi 

VINT NMDfR 
- oeh ine r r i i i l r 

0 . oesasif ier 

v t - evaporator 
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MOCitt VILVt Milt HIM 
« n hiii 

<1.011 «u«i 
. 2 . 

© 
iior cutci v a l v e 

l i I T c h e c i v a l v e 

p l u g v a l v e 

• a l l v a l v e 

r e e o l e v a l v e 

«c<«<ur clcsed 
[x ] idikill' open 

V* hoamauf throttled 
10 locfeo open 
lc locaeo c.o3e0 
'0 ft 111 oper 
fc P l . l L S O closed 
fl r iu locreo ipositior does <oi crxi t i 
11 F A I L INDETERMINATE. 

n o i n c j i l e . 
f E n t u R i OA S E n t i i f . 

qrifiu pl atl 111.1 
fl»«5e 01 taps 

F I I E G RESTRICTION O R I F I C E . 
OA 11 ICE PLATE. CAPILLARY TUBE. 
M J L T I -STAGE O R I F I C E 

JiiEi 

cb— ALL TRAPS OTNE R THAI BALL ILOAT 
TT»C C0«T1 flUCbS 0 R A I R I N 6 

CONT IN UDJ S DRAINER I A L L FLOAT /J 
T i n a l T K E0UAL I1 ING CONNECTION 

p i n c h v a l v e 

d l a p h r a m i s a " » 0 [ r s | v a l v . 

litclajsif'eo ( t l . " » , j » l r h « l » l 

b u i t e r f l v v a l v e 

-MSiURLiEUXil. 

ANGLE VALVE 

»«L«t ACTUATOR SYMBOLS 
ELECTRIC MOTOR OPERATED 

A 

VARIABLE CORTROL IR C l O S I K 
OIRECTIOM 

[ . A - V A R I A B L E CORTROL IR OFERIRO 
DIRECTION 

A 

H^J-

A 

A 

ANCLE PRESSURE H I V E 

STRAIGHT THROUGH PRESSURE VALVE 

COMBI NAT I OR VACUUM BREAKER 

A RELIEF VALVE 

PRESSURE RELIEF RUPTURE OlSC 

turbine op propeller in 
line rotating 

INLINE FION INSTRUMENT 
IUAGRETIC F10«MEUP. 
DISPLACEMENT METER, 
MISS FLO* METER, 
LAMINAR 'LORVETER, ETC) 

LOCAL FLO* UOICATW. 
OlfFTFIEXTIIU. PRCSSLRC 
TYPE (LfTILIZllG FUNCC 
OB CWEI TAPS) 

VACUUM RELIEF RUPTURE D I S C 

LEVEL MEASURING 

PNEUMATIC OPERATED 

rOIAPMRAM OPERATED 

r 
T 

- SOLENOID 

T 

HAND JACK OPERATOR 

e l e c t r o - h v d r a u l i c 

URCLASSiriEO-TVRE 
• B I T T E R I N OB BESIDE 
I T M t O L 

s p r i r g o r h e i g h t 
l o a d e d a c t u a t i o n 

PRESSURE REGULATORS 

1 

— 

LIKE SIZE 

PRESSURE REDUCING 
(SELF CONTAINED) 

PRESSURE REOUC!RG 
NITH EXTERNAL 
PRESSURE TAP 

I I P INDICATES NOMIRAL PIPE 
S I Z E I UNLESS OTHERNISE 
S P E C I F I E D ) . SS INDICATES 
P I P I N G NATERIAL I S STAINLESS 
STEEL ICS I S USED FOR CARBON STEEL I 

1110 INDICATES THE P I P I N G 
SCHEDULE NUMBER 

rpptRAwre osrccTURS 

HISCELLtHEOUS P I P E AHO F I T T I N G S T M B X S 

1 I FLANGID JOINT 

II 
HI—II-
il II 

i 

r 

BLIND FLANGE 

SPOOL 71ECE INSTALLED 

SPOOL PIECE REMOVED 

SPECTACLE r i A N O E •OPEN-

SPECTACLE FLANGE 'CLOSED-

CAPPED JOINT 

SPRAT HEAD OR N O I I L E 

T - STRAINER 

VENT P IPE 

SCREEN AT P IPE INLET 

PIPE REDUCER 

fle1iile mosl 

Y 
THERMAL SLEEVE 

RCU-MOMTEO WUI 
WB»TU€ EUAfNT 

OPIECT WCRSION EUPL£X 
TE)«f«TUR£ EL EX KT IN 
xxxnic soss 

ICLL TYPE OFLfX TWERATUFE 
aotnl IX BOU-KXJNTD 
REMOVABLE KLL 

NOH-ntcmm 
TWERATJIE EliHNT 
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Figure A-8c. Instrumentation, Piping Symbols 
and Designations 

T P " ILL TRAPS OTHER THIN I lLL H o n 
11*1 CONTINUOUS DMA tM I MS 

CONTINUOUS 0 « > ' « [ « M I L FLOAT 
l i f t « I T H cgutl 11IHC CONNECTION 

ptocfss toumm swans 
demireraliier 101 agonal 
lines indicate inlet »0 
outlet screens) 

ACDI riot OR M i l TANK 

I D 
ft= 

mviwit comcsson 

» « l > l tCATDB 

TjlfEBtTUPE tETECTDBS 

7« ] —. rexl-howttd wux 
[ tt w it 1 twbutu* qje10i7 

owtcr MCRSION OJPLEX 
TDTOttTUM ELEMENT IN 
KXHTING BOSS 

6 

NCJ. TK»E a»".EX TOTDUTUtt 
ELEJCHT IN BOiS-KXJNJED 
REMOVABLE «U 

NON-IHCRSICH 
T0CERATU1E ELUOT 

MISCELLANEOUS PIPE tup FITTING SYMBOLS 

FLANGED JOINT 

BLIND FLANGE 

SPOOL PIECE IHSTALLEO 

- j | | { SPOOL PIECE REMOVED 

S 

SPECTACLE FLANGE "OPEN" 

OUPLEA STRAINER 

>1* FILTER 
P - PHI FILTER 
t - ABSOLUTE FILTER 
C - CHARCOAL FILTER 

CENTRIFUGAL PUMP 

POSITIVE 01SPIACEMEHT 
PUMP WITH INTEGRAL 
RELIEF VALVE 

VACUUM PIIMP OR COMPRESSOR 

CEHTNIFUGAL RLOVER 
0* FAN 

AIIAL BLONEA OR FAN 

HELICAL TUBE HEAT ((CHANGER 

STRAIGHT SHELL t 
TUBE HEAT EICHANGER 

U-TUBE HEAT IICHAHGER 

f'ECTACLE FLAHGE "CLOSED' 

CODLINC COIL 

i 

r 

CAPPED J O U T 

SPRAT HEAD OR NOIILE 

v - STRAINER 

screen at pipe inlet 

s 
T 

pipe reducer 

fleiisle hose 

REACTOR COOLANT PUMP 

| f | QUICK DISCONNECT CONNECTION 

[ O ] OULLSCrt FUW IKJICATtH 

MISCELLANEOUS SYMBOLS 

thermal sleeve 

INSTRUMENT PROCESS PIPING 

- i * — X — M — H — INSTRUMENT CAPILLARY TUBING 
1 I)1 •<• i>' >1' INSTRUMENT AIR LINES 

INSTRUMENT ELECTRICAL LINES 

' . V HEAT TRACED PIPE 

—»B RB— PEACTOR BUILDING BOUNOARf 

—SK SH SECONOIRt SHIELOING BOUNDARY 

—AB •• l l _ AUIILI ANY BUILDING BOUNDARY 

| ( — S A W L I N G TAABl 

OtSISH CONDITIONS, QUK.ITY C80UP CLlSSIflOTIOIS » PODCISS 
WMHtnOH MOOES 

1 
cij±> 

-tx]— 

I - ROSE WMSCR REFERRING TO THE PROCESS FLW 
INFORMATION MEETS MERE CEUGN, NORMAL, 
ARO EMERGENCY FLOW PARAMETERS ARE GIVEN 
IN TIC KSIQN REM*!. 

Y - QUALITY oar cussificmiog « t t rotn r> Ate 
DIVISION 1 reoulatwv OUIOC 1 » . 

I - DESIGN FLAGS REFER TO THE FOLLODIRS DESIGN 
PRESSURES AiO TEMPERATURES USEO THROUGHOUT ALL 
SYSTENS TO IROICATE DESIGN CONDITIONS Of PIPING 
ARD COMPONENTS. 

ANSI 12.2 
1 

OESICN CONDITIONS 2 
J 

C D 1200 PSIG • 300*F MB 

<3 9200 PSIG • SOO'F 
CD 2900 PSIC t «70*F 
C3 2500 PSIG • «SO*F 
CD 2900 PSIC • tOO'F 
<33 IBOO PSIG • 350*F 
CD 2SOO PSIG t SOO'F 
CD AJOOHlG O 200* F 
<33 IUNASSIGNEDI 
<jS3 custOCR fetd RATER oes iw 

<m 1239 PSIG • SIO'F 
<53 IUNASSIGNEDI 

<m 700 PSIG « SOO'F 

OS] 700 PSIG • 300*F 
079 PSIG • 390*F 

<RM 675 PSIG 1 200"F 

<M 590 PSIG » 20«*F 
<HJ 350 PSIG • 300*F 
on 300 PSlG • 300'F 

<51 200 PSIG • 300*F 

<771 200 PSIG • 200*' 

<j2 150 PSIG • 300*F 

<a 150 PSIG » 200*F 

<3 100 PSIG 1 LOO'L 

<B ATHOS » 150'F 

<n CUSTOMER SYSTEM DESIGN CONOITIONS 

<53 990 PSIG • HSO'F 
<13 100 PSIG • 3*0"F 

<u 200 PSIG » 390'F 

<53 ATHOS * 200*F 

ACC SB 2f 
A I 
c D 
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LM-i.-mnrf"''1""-' : l'-.1,'!',',!,'.*! 'J>'' J 

Figure A-9. Decay Heat Removal System 

1 
t h i s sistcm is w < s c i n . cuss d u a l i t y o o f c u t t 
ooiMsniui or va lves tx w 1 w-v«. a l l rvoa t v a l v u i 
u - s t r u m or a t . n i ix-V4 no DoaenuH or c h - w t . ; 
t x - v m . dh.v19 S cm-vto ARC A9C i i i . c u s s i . q u a l i t y 5j 
c w x t c u s s a j 

ALL WLIET VALVtS I i e l o c COKTAMCMT SHAU. OISCHAROC IKT9 
(LATCH) ^ 

valve5 o l * v i , cm v2. ewvs A gh-v i sha l l k i k tcs lockcd 4 
RITH a c system pressure i m s t t o c h t a m w t o close o r TO f 
prevent t < orwitc or t k valves i k m t k rc ststem j 
raissuc IS a « m the OH system oes io l h k s s i k c . 

VALVCS CH-VT t W-V» SHALL CEWTAIN LIMIT SRITEMS TO } 
HCYfNT T i t OPENING OT VALVtS (W-VRO A EW-VRl « H VALVE j 
EH VT OR W - V I KSPtCTIVtLV IS CPC* 

LAST VALVE IS VIS. LAST WE* IS 90. * 

DC ACTOR COOLANT k i c m IS SWT TO t i c h j STSTEM f o r • 
PUtlFICATlCN IS ftctumd t o t k REACTOR VESSEL VIA t i c ^ 
MAttU> SYSTCM } 

t h i s po r t i eh o t system i s feb t c 5 t d o em.y. i 

TMS VALVE HJST • LOCKED CLOSED O W I K MOTAAL REACTOR j 
OPERATION i 

EXSIGN COCITIONS 

A 
A 
A & 
A 
A & 
A 

i t i k «9 kpac • s u 3 'c 

13t8 9s w a g • 7a.4-C 

en 4> urtG . i?i re 

i t236 » m>ac • 1 t s . c c 

6 n <a ktac • ire.t'c 
ss1s ai w a g • i t s f c 

t o be o e t e w i t t o sy c u s t o c d 

t i j k k m - i t 6 6*c 

f , 
A-89 Babcock & Wilcox 
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Figure A-10. Emergency Decay Heat System 

E4.0&7S E-O 

fjorty / inrer* >! AiMe m ct«ss i. ou*i/rr 
UAlSI'ltATIOM a ' 

2 LAST M l l / ^ H Vi<t. 
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Figure A-lla. Chemical Addition and 
Boron Recovery System 
(Sheet 1 of 3) 

CFMCN COGITIDNS: 

| S > ISO PSIG • w 

ATtCS • I S O * p 

O P 200 PSI5 f 300*r 

A-89 Babcock & Wilcox 
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© NITROGEN 
TO cw VEt/r HE».S£A flT) 

DRAIN TO LW @ 

tow ® 

(Xl © 
-Nh-

[a-.,"' 

©TO RC 0*ST 
3TOBAJ3e TtMK 
OR RC. BLEtO 
HOLDUP "TX'JK 
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Figure A-llb. 

© roOH RC BLEED EVW 
FEED PUMP 

DESIGN C O C I T I O N S : 

nr> ioo Psic 
[ 2 5 > 1 5 0 P5IG M ' F 

[ 2 S > ATWJS M E S S 1KJ«F 

M O PSIC ' SOO'F 

•J, TO O ? BRS 
PA.RT m 
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Figure A- l lb . Chemical Addition and 
Boron Recovery System 
(Sheet 2 of 3) 

p i 1 
© fBOM K BLEED £»*«• 

FEED PUMP 

L > 

P > 

lo 

I D 

P 

@ 

•m COOLIMCi WATER OUT 

CONCENTRATE. &AMPLE 

01 ST J U. ATE SAMPLE 

DRAIN TO AUX. BLOG. 
SUMP TK. 
RECIBC TO BLEED HOLDUP 
TK. WHEN NEECKO 

J I CA 

ORAJM TO AUX. BLDG. 
' s l imp t h . 

an on cacxriONS: 
dD <*» psrc 
(2j> 150 psig w w 

d?> «TM0S PRESS 1S0T 
^ 2D 150 PSIG • 300*F 

MV117A* 

fAPORATOA Of STILL ATE 

MVI17B 

, EVAPORATOR, CONCENTRATE 
k r— ^ 

\-<2> 

A-93 Babcock & Wilcox 
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Figure A- l l c . Chemical Addition and 
Boron Recovery System 
(Sheet 3 of 3) 

0*A!*/ TQltt @ 

- V 

asioM eooinaa 
[B> «TWS • lso*/ 

§J> in nu • 20D*r 
E> asraa 
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Figure 

A c c /"""t 

fJOO^eu 

i 
rv5.»«j T I 
/ n^ 
' 1 / 

I 

' k„.„£ 

rA 

<< « - j ie i 

x - H 

X 

foot. tcote/n 

A-I 
• r - J , -
V 'v 

I 

t 

X 
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Figure A-12. Component Cooling Water System 

1. The system ia ASME III Class 3, USNRC Quality Group 
Classification C except for the following: 
a. Containment penetration piping and associated 

isolation piping - ASME III Class 2, QG B. 
b. CCW booster pumps and associated isolation 

valvea — ASHE III Class 2, QG B. 
c. Piping, valves, and components nerving the 

sample cooler, makeup pump, recirculation 
coolers, and qucnch tank coolcr — USfJRC QG B. 

2. Last valve is CCW-1173. 

3. Low points in piping shall be provided with screwed 
brass plugs for drainage. 

U. High points aim 11 be provided with valve vents for 
air purging. 

5. The surge tank shall be located at an elevation 
•tbovc the highest point In the system. 

6. System lineup is shown with CtlSG at 10QX rated 
power. 

7. The system is designed for 41 CRDHs. 

A-95 Babcock & Wilcox 
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V /8"C5 

IZ'CS-

v y 

cc-1// 
;f£ rtci re u FROM C0/j7Al/JMfH7 

/<7M0$f-neP£ 

HO a MM. SERVICE *AN 
SFAS STOP 

£MC/RO,£/vC V 3e#i/IC£ f*/V 
I F A S S T A R T 

FROM CONTROL 
ROO DFHV£ SCA \J!C.£ 

STRUCTURE 
'-if cs 

V 
W2"CS !3"CS-> 

ewefiz,?wcv septus 
SfAS START 
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S&ENOTE t» 
TO COMrAIN/YI£NT 

ATMOS PHERE "OTC S, 7 

cc-vs-CC-RAI 
FA/i 

NORMAL SERVICE PAN 
SPAS STOP 

CCjPJ 

see Horet* 

11111-

70 SEPV/ C£ 
, s truc tube 

AREA see A/ore r. 7 

TO CON7AHVMEHr 
ATMOSPHERE 

CC-V3 

£MfA&£/vC V SERVICE PAN 
JF/is J7AJ3T 

Figure A-13. Containment Dry Well 
Cooling System 

yores 
I DUCT S/2ES ARE aIVEN POP ROUND DUCTING. THE £QUIUALE/VT "} 

RECTANaucAP CINlEA/SiONED OUCT/Ni MAY AiSO BE USED. | 
2.this system 13 asmeol class e, quality Group classificatWi I 

B EXCEPT eon THOSE PORTIONS OP THE SYSTEM THAT PERFORM I 
NO SAFETY FUNCTION. NON SAFCTf RtlATFB'rVfnTS OP THE ] 
SYSTEM AGs ASMtm CtASi J, QUALtTT'GGtUt> CLASSIFICATION C .: 

3.SYSTEM IS SHOW/V IN THE tYOPMAL OPERATING MODE ' S 
+.THE PAtY/COiL AND //VIET PLENUM HOUSING IS PROTECTED FROM \ 

OVER PRESSUPIEA7I0N OURIHG, A LOCA EY SPECIAL. RELIEF j 
DEVICES THAT WILL RELieve IN EITHER D/PECT/ON. ~ j 
ADJUSTABLE LOUVERS ARE PROVIDED 70 BALANCE THE PLOW OP j. 
COOL AW THPOUOH THE NORMAL SEP VICE IHSTRIBOTION DUCTING 

* ELECTRICAL CONTACTS ARE PA OVID ED TO INDICATE OPEN AMD f 
CLOSED POSITION OF REVERSE FLOW PREVEN? INS DAMPERS \ 

1. DUCT INC. SHALL BE PROVIDED TO DIRECT TUB COOLED AIR TO j 
MOWN CONTAINMENT Ht&N TEMPERATURE AREAS. FURTHER ] 
DuCTtNCt FOP SPOT COOLlNb WILL BE SIZED AND^FIELD RUN AS J 
WEEDED < 

cc -PS 

PAN 
EMERGENCY SERVICE F*tY 

SPAS START 

i 
i 
i 
| 
t 

I 
I 

DfSlGA/ Cnh/f>ITtQNS \ 
MR S/DE OP CO/LS Bf>).04 KPagQ ITS.t'C }, 

$}±VVAT£R SIDE OF coils 1034.&4 KPofl© I07.2*( j 
A DuCT/NH AYi/D AOUS//VC ARE DCS/MSO POP 3.73 KPot 3 
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Figure A-15. Solid Waste Disposal System 
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Figure A-16. Liquid Waste Disposal 
System 
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tmrt Figure A-17. Gaseous Waste Disposal 
System 
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Figure A-18. Post-LOCA Combustible 
Gas Control System 
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Figure A-19. Sampling System 
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Figure A-20. Suppression Pool Cooling 
System 
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Figure A-21. Typical Interre lat ion of B&W 
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Figure A-22. Integrated Control System Concept 
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Figure A-23. Engineered Safety Feature 
Actuation System - Block 
Diagram 
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Figure A-24. Control Rod Drive Control System Diagram 
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Figure A-25. Fuel Handling System - Plan View 
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Figure A-26. Fuel Handling System - Section AA 
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Figure A-28. Containment 
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Figure A-29. Typical Electr ical and 
Piping Penetrations 
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The PE-CNSG plant construction schedule is shown in Figure B- l . Reactor ves-
sel delivery is scheduled 24 months af ter the s ta r t of work under a LWA. The 
LWA was assumed to be available six months before the receipt of a construc-
t ion permit. 

Certain buildings are c r i t i c a l to the overall success of the project schedule. 
The control building must be completed early to preclude delays in construc-
t ion and to house equipment that is dependent on a temperature- and humidity-
controlled atmosphere. The administration building should be completed in 
su f f i c ien t time to provide operating and maintenance people with a headquarters 
and classroom space to t r a i n for fuel loading; on a un i t of th is size, the 
administration building should be ready for occupancy nine months before the 
fuel i s loaded. 

The schedule for the reactor service building shows the s i tu times for certain 
operations and does not include o f f - s i t e or on-site fabr icat ion times; fo r 
example: 

1. The baseplate is a single assembly including a section of shell already 
welded to the plate, the inner and outer suppression tank guard wal ls , 
and the machined base for the reactor vessel. The stress re l iev ing of 
th is assembly w i l l be completed pr ior to shipment. 

2. The reminder of the containment vessel (minus head) w i l l be set in one 
piece to match the base previously set. 

3. The internal containment work w i l l be the ins ta l l a t i on of components fab-
r icated and/or assembled elsewhere. 

4. The reactor vessel i s one piece (minus head). 
5. The reactor vessel internals are p r e f i t to eliminate major f i e l d assembly 

problems. 

The preliminary schedule is based on l imi ted information and quant i t ies; some 
buildings have been scheduled on the basis of volumes. More detailed and con-
cise information would be required to permit the development of a comprehensive 
schedule. 

Based on the information made available fo r th is study, a 36-month schedule 
from LWA to fuel load is attainable. Assuming that the planned prefabricat ion 
of components can be demonstrated and del iver ies of shop-fabricated equipment 
can be improved, the schedule could be fur ther compressed for subsequent uni ts. 

•St •>. • 'Ay.' 
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The only potential,delays for the PE-CNSG due to the remoteness of the Duval 
s i te are f i e l d ins ta l la t ion of steam generators and f i e l d erection of the con-
tainment base plate rather than one-piece shipment. I t is expected that these 
potential delays can be overcome and the schedule has not been modified in 
this study to re f lec t the potential delays. 
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Figure B- l . Duval Corporation Nuclear Plant Nth-of-a-Kind Construction Schedule 
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