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400 MWe Consolidated Nuclear Steam System (CNSS) 
1200 MWt/ Conceptual design 

INTRODUCTION 

The work reported herein is a conceptual design 
study performed by The Babcock & Wilcox 
Company (B&W) and United Engineers and Con-
structors (UE&C) under contract to Union Carbide 
(Oak Ridge National Laboratory) for the United 
States Energy Research and Development Adminis-
tration (ERDA). The objective of the work was to 
develop a conceptual design for an intermediate-
sized nuclear unit (1200 MWt) suitable for dual-
purpose industrial steam/electric power generation 
use, or for use as a thermal grid energy source. 
Other potential markets include industrial parks, 
an export market, and the electric power genera-
tion market. The work was a follow-on to an earlier 
study of the 365 MWt Process Energy Consolidated 
Nuclear Steam Generator (PE-CNSG).1 The work 
examined whether the advantages of the integral 
reactor (PE-CNSG) concept could be carried over 
into a conceptual design at the higher power level. 
The study confirmed that the potential capital 
cost, schedule, and safety benefits of the integral 
PWR reactor and vapor suppression containment 
can be translated to the higher power level unit, 
which has been designated the Consolidated 
Nuclear Steam System (CNSS). B&W has pre-
viously designed integral PWRs at about this 
power level, but the present conceptual design was 
a fresh approach incorporating recent design 
developments and improvements, extending re-
actor and plant concepts developed in previous 
small reactor Process Energy studies, and adopting 
one of several integral reactor concepts initially 
examined. 

DESIGN HIGHLIGHTS 

The CNSS primary system, with the exception of 
the pressurizer and associated valves and piping, 
is located in a modular arrangement within the 
reactor vessel (Figure 1). This vessel is essentially 
equivalent in size to the reactor vessels for the 
B&W 205-Fuel-AssembIy nuclear units such as 
thdse for the Tennessee Valley Authority's Belle-
fonte station. A single straight tube, tube-and-shell, 
once-through nuclear steam generator forms an 
integral part of the reactor pressure vessel, located 
above and radially exterior to the core. Function-
ally, the steam generator is similar to the small 

modular units contained in the PE-CNSG and the 
large Once-Through Steam Generators (OTSGs) 
of B&W design in 1200 MWe-Bize nuclear systems. 
Eight pumps of the type used in the Maritime 
CNSG* and PE-CNSG are located vertically in the 
reactor vessel head. The exterior pressurizer is 
connected to the reactor vessel by four separate 
3Vi-inch I.D. surge lines, assuring a design basis 
accident of the same size proposed for the PE-
CNSG, and of presumably less consequence. An 
Incoze Monitoring System incorporating fixed 
self-powered detectors is incorporated to provide 
more precise core power distribution measure-
ments. Otherwise, design features are consistent 
with B&W's large utility reactor and PE-CNSG 
designs (Table 1). 
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Fig. 1 Consolidated nuclear steam system concept. 

<1) BAW-1428, "A Small Pressurized Water Reactor for 
Process Energy," June 1976, The Babcock & Wilcox 
Company. 
• Concept developed by B&W under contract to U.S. 
Maritime Administration of the U.S. Department of Com-
merce; "Competitive Nuclear Merchant Ship Program." 



Table 1 
COMPARISON OF DESIGN PARAMETERS 

Hydraulic and Thermal Design CNSS CNSG 

Core heat output, MWt 1200 365 
System pressure, psia 2250 2250 
Total core flow, Ibs/hr 57x106 24.8x10° 
Core inlet temperature, F 571 572 
Core outlet temperature, F 622 607 
Average thermal output, kW/ft 5.95 4.86 

Reactor Vessel Design 

Design pressure, psig 2500 2500 
Design temperature, F 650 650 
Shell ID, in. 182 157 
Height inside heads, ft-in 43-6 34-8 

Containment 
Height/diameter, f t 95/45 64/38 
Design pressure, psig 105 105 

Steam Generator 

Total steam flow. Ib/hr 5,29x10® 1.45x10® 
Steam pressure, psia 935 700 
Steam temperature, F 536 538 
Feedwater temperature, F 440 400 
Tube length, ft 15 13 
Tube OD, in 0.5 0.5 
Number of tubes 30.807 11,916 

Core Design 
Core height (active), f t 10 6 
Number fuel assemblies 97 57 
Number of fuel rods 21.136 11.400 
Fuel rod OD/pitch. ir> 0.43/0.568 0.43/0.568 
Number control rod assemblies 37 17 
Number control pins/assembly 16 20 

Table 2 
PLANT CAPITAL INVESTMENT SUMMARY 

Electric generating plant 
Third quarter 1976 dollars 

Account tit le 
1200 MWt CNSS 

NOAK 

Land and land rights $ 380,000 
Structures and site facilities 48.967.000 
Reactor plant equipment 64,121,000 
Turbine plant 48.300,000 
Electric plant 13,220.000 
Miscellaneous plant equipment 4.536.000 
Undistributed costs 51,853,000 

Subtotal 231.377.000 

Contingency at 10% 23,138,000 

Subtotal 254,515,000 

1 nterest-during-construction 53,346,000 

Total 307,861,000 

$/kWe 770 

Plant layout was provided by UE&C under con-
tract to ORNL to support this conceptual design 
study. Scoping-type cost estimates were also pro-
vided in order to assist in assessing economic po-
tential. Reactor and plant combined capital cost 
estimates indicate a decided capital cost ($/kWe) 
advantage for the modular design compared to 
loop-type plants at the power level studied. 

A tabulation of the plant costs estimated for major 
code-of-accounts subdivisions is given in Table 2. 
These costs are Nth-of-a-kind (NOAK) and include 
no fiist-of-a-kind cost elements. 

For the CNSS nuclear plant, electrical power gen-
eration costs are primarily influenced by amortiza-
tion of first costs (capital cost). For instance, at 
75% plant capacity factor and a typical utility 
fixed charge rate of 18%, the annual cost break-
down would be: 

Annual Costs 
Cost Increment (million $) 

Capital Cost 
Fuel Cost 

OM&I Cost 
Total 

55.4 
16.0 
5.5 

76.9 

This is equivalent to a generating cost of 29.3 
mills/kW. Total electric power generating costs as 
a function of plant capacity factor and fixed 
charge rates are shown in Figure 2. 

Electric power 
generation costs, 

mills/kWh 

As a funct ion of capacity factor 
and f ixed charge rate 

22 14 16 18 20 
Fixed charge rate, % 

Fig. 2 Total electric power generation cost for 
CNSS plant. 



The plant layout is similar to that for the PE-CNSG 
plant. An important finding was that plant erection 
techniques and schedule truncation comparable to 
those for the smaller CNSG can be achieved for 
the CNSS. A 500 ton tower crane with a 70 ft. 
radius is utilized to lift and place heavy components 
in the construction scheme. A fuel transfer chute 
and carriage are used in contrast to PE-CNSG re-
fueling methods. A turbine building is included, 
but this may be replaced by a process energy 
("reboiler") building in applications where process 
steam is generated primarily. The reactor contain-
ment located within the Reactor Service Building 
is shown in Figure 3a. The volume relationship of 
containments for a standard 1300 MWe PWR, the 
CNSS, and the PE-CNSG is shown in Figure 3b. 

The design study results may be summarized as 
follows: 

Integral Reactor Design at the "intermediate-
sized reactor" (400 MWe) power level proved 
to be achievable. 
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Schedule and Interest-During-Construction 
(IDC) advantages of the modular reactor/ 
containment design are retained. 

Fig. 3a Reactor service building 1200 MWt CNSS 
plant. (United Engineers & Constructors) 

Capital cost estimates indicate the modular 
design at 400 MWe may be competitive on a 
unit cost basis with loop type plants at 700-
800 MWe. 

Safety and Reliability advantages of the in-
tegral reactor design remain largely unchanged. 
The single steam generator is not expected to 
greatly influence reliability experience, since 
operational experience to date with nuclear 
OTSGs has been good and provision is made in 
the design for accessibility for maintenance. 

POTENTIAL BENEFITS 

The potential benefits of the CNSS nuclear unit 
and associated vapor suppression containment are 
summarized below based on the conceptual de-
sign study results. The compact nature of the 
CNSS and its containment is illustrated by an 
estimate of the weight of the nuclear island per 
unit power in comparison with large loop-type 
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Fig. 3b - Volume relationships of containment 
envelopes for various NSS sizes. 



nuclear systems. The CNSS figure of merit is 7.7 
lbs/kWe. This compares to 40.1 lbs/kWe estimated 
for the corresponding components of large loop-
type PWRs. 

Capital Cost 

1. Unit capital costs appear to be significantly 
below those currently expected for loop-type 
water reactor plants of similar power level 
(or, put another way, appear comparable 
with those for higher rated-power nuclear 
units). CNSS plant unit capital cost has been 
de-escalated to a 1974 basis for comparison 
with dual-unit loop-type LWR plant costs 
estimated in a UE&C study. These are shown in 
Figure 4. 

Unit capital 
cost ($/ kWe)-
1000 7 

800 

600-

400 

Cost basis - December 1981 startup 
Costs include natural draft cooling towers 
Plants have two identical units 
Includes interest during construction 

\ (Extrapolated for present 
\ study comparison) 

CNSS 

4 -

Plant type 

LWR 

Coal with S02 
control 

Oil, with SO2 
control 

Oil, without SO2 control 
1 • 1 t-

200 1400 600 1000 
Unit size (MWe) 

Ref. AEC WASH-1345 Oct. 1974 
Fig. 4 Unit capital cost of power. 

2. The smaller unit size permits incremental 
capacity additions to match electric power 
load growth and industrial steam needs more 
closely, and allows the placement of generat-
ing sources near to load centers, including 
industrial plants using process steam. 

3. With little, if any, disadvantage in unit capital 
cost, overall capital investment requirements 
will be lower due to the lower rated-power 
level of the unit. The total capital at risk at 
any given time for a single plant is thus re-
duced in comparison with projects involving 
larger nuclear units. Incremental additions 
could be included in the utility rate base as 
units come on line, possible easing the utility 
rate burden. 

4. Utility m&rgin requirements would be lower 
with several small units than for a single 
large unit, since less spinning reserve is re-
quired to cover loss of a single unit. This is 
especially noteworthy where unit rated power 
is a significant percentage of total installed 
system capacity. In addition, the CNSS unit 
size lends itself to multi-unit stations serving 
industrial process energy needs with a high 
degree of reliability. 

5. Interest-during-construction costs are lower on 
two counts: 
a. Construction schedule for modular units is 

shorter (about 6 years Nth-of-a-kind versus 
8-9 years for large loop-type systems). 

.-• b. Incremental power additions of 400 MW 
each compared to a single 1300 MW addi-
tion require interest payments on a more 
limited investment during the construction 
period and provide an overall lower risk 
factor in financing. 

Schedule Advantages 

It appears probable that Nth-of-a-kind plant sched-
ules of seven years are attainable, or six years with 
pre-licensing and pre-ordering. A shop-fabricated 
modular primary system, modular NSS/contain-
ment erection techniques, and a more manageable 
size of construction force contribute to shorter 
schedules. 

Safety/Potential Siting Advantages 

The design basis accident (DBA) for the integral 
reactor is the instantaneous double-eroded rupture 
of the pressuiizer surge line. This line is about 
3V6 inches inside diameter, and its rupture may be 
compared to the DBA for large loop-type PWRs 
where a 28-inch ID line is the accident basis. The 
CNSS DBA is expected to result in: (1) a com-



paratively moderate LOCA with no significant 
rise in fuel clad temperature because of the small 
break size which allows the core to remain covered 
with water, and (2) simplification of systems to 
handle the LOCA transient. Modular desigi permits 
control and cleanup of any containment vessel 
leakage. These design features should result in 
greater ease of licensability as compared to larger 
loop-type plant designs. In addition, the greater 
inherent NSS safety provides the basis for the 
possibility of obtaining regulatory approval for 
siting nearer to industrial centers or centers of 
population. 

Concept Suitability 

The CNSS retains the steam generator tube barrier 
between possible radioactivity in the nuclear 
reactor system and steam and feedwater in the 
secondary plant. Reboilers, where used, would 
provide still a further barrier to radioactivity 
leakage to industrial processes or thermal grids. 
This further degree of control over radioactivity 
leakage is particulary important for the dual pur-
pose or thermal grid markets. The nuclear unit 
can also produce steam with a small amount of 
superheat, which affords low heat rates (high 
efficiency) for electric power generation. A change 
in steam pressure from 935 psi to 700 psi results 
for this situation. 

Reliability 
To a considerable degree, the concept utilizes 
existing proven PWR technology, materials, func-
tional parameters, and design detail. Despite 

integral design, the concept makes provision in the 
design for accessibility for maintenance. Active 
components (i.e., those having moving parts like 
pumps, as opposed to passive components like 
steam generator tubes) provide greater redundancy. 
Nuclear OTSGs with associated "zero solids" 
chemistry have a record of proven reliability. As 
of December 1976, only four tubes have needed 
to be plugged because of leakage in the approxi-
mately 190,000 tubes in operational B&W nuclear 
steam generator units. 

FOLLOW-ON STUDY REQUIREMENTS 

It is worthy of emphasis that the CNSS study 
performed was only in conceptual detail. Im-
portant engineering analyses remain to be carried 
out to verify the design detail requirements, 
and further verification of schedule and cost 
estimates is required. The concept examined 
appears to have potential safety, economic, and 
schedule advantages which should make it attrac-
tive for use in industrial park, dual purpose (co-
generation), or electric power generation appli-
cations. Evidence of potential user interest is 
critical to formulation and justification of further 
effort on this concept by ERDA. A major ob-
jective of follow-on effort would be to firm up 
the design concept and scheduling so that costs 
can be better defined with a detailed understanding 
of the nuclear steam system and balance-of-plant 
costs involved, in order to support possible demon-
stration and commercialization efforts. 


