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INTRODUCTION 

,-----NOTICE-----, 
This report was prepa.red as an account of work 
sponsored by the United States Government. Neither 
the United St.ttes nor the United States Energy 
Resea.rch and Development Administration, nor any of 
theis employees, nor any of their contractors, 
subcontracton, or their employees, makes any 
warranty, express or imptied, or assumes any legal 
liability or responsibility for the accuracy, completeness 
or uttfulnesa of any information, apparatus, product or 
process disclo sed, or represenu that its use would not 
infringe privately owned rights. 

The Clinch River Breeder Reactor Plant Project, referred to as the CRBRP 
Project, is the joint Government and industry effort to build the Nation's 
first large scale demonstration breeder nuclear power plant. The CRBRP 
is designed to demonstrate the commercial potential and environmental 
advantages of a large-scale LMFBR as a source of electrical generation in 
a utility environment. 

The Project \·Jill be a major step in the successful transition from the 
Government's 25-year development of LMFBR technology to large-scale 
demonstration of the fast breeder concept. It will serve as a focal point 
where, for the first time, individual plant components developed in previous 
research will be assembled and operated as an integrated unit on a large 
sea 1 e. 

Knowledge gained from operation of earlier LMFBR facilities will be 
incorporated into the CRBRP design, and assumptions regarding economy, 
reliability, safety, and environmental impact will be tested through on­
line operations within a utility system. The resulting information will 
be available to both Government and industry for further LMFBR development . 

PROJECT OBJECTIVES 

The objectives of the Project are aimed at meeting the basic neeqs for the 
CRBRP. First, the CRBRP is a necessary step in the evolution of major plant 
equipment. Each of its heat transfer components is approximately two and 
one-half ' times as big as those utilized in the FFTF. · That is within the 
range of size extrapolation successfully handled by high-technology industry. 
The larger ju_mp from the FFTF size equipments to a fully commercial plant 
would require major extrapolation, with undue development risks and 
significant potential for technical problems. 
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Second, the CRBRP will develop an industrial equipment manufacturing base 
for the LMFBR. We have about 15 major vendors under contract now to supply 
equipment, and, before the project is complete, hundreds of industrial 
concerns will be providing technology and ~quipment to support the 
project. ~hus, we are developing the industrial organizations that 
will supply equipment for the prototype large breeder reactors and for 
the cciT'.mercia 1 units to fell ow. 

Third, the total design, manufacturing, licensing, and construction 
experience developed through the Project \-Jill be a necessary ingredient 
for encouraging the required investment in a commercial breeder reactor 
industry. This confidence 1-'Jill be developed not only in the utility 
industry but· also in the reactor manufacturers, the fuel ·suppliers, and 
the equipment suppliers. Witho~t this confidence, further progress in 
the commercialization of the LMFBR would be impossible. , 

Fourth, we will fully develop the necessary safety, licensing, and 
environmental precedents in an open regulatory forum. Each of the 
significant issues raised will-be openly addressed and resolved. The 
precedents set by the licensing of the CRBRP \'lill define to the utility 
industry those design features in an U~FBR that are acceptable to regulatory 
agencies, and their resolution will allow the industry to predict a licensing 
timetable for future LMFBRs with reasonable confidence. 

J 

Lastly, the CRBRP will ~emonstrate reliability, maintainability, and safe 
operation in the electric utility environment. By participation in this 
program, the utility industry \-Ji 11 gain the confidence that each of its 
members needs to proceed independently into the planning and construction 
of its own LMFBRs. 

'CRBRP DESIGN PARA~ETERS 

The plant, pictured in Figure 1, is sized at 350 net electric megawatts, or 
approximately one-third the size of the largest nuclear and f6ssil-fired . 
power plants being built today. CRBRP technology will be largely prototypic 
of that to be employed in commercial LMFBRs, although there will be size 
differences in the equipment. 

The overall plant layout is shown in Figure 2. The plant has three .primary 
and intermediate sodium loops and·one turbine generator. Flexibility has 
been included in the desi~n to take advantage of expected advances in 
technology, such as higher performance fuel. Capability is provided to 
explbit the potential stretch rating of the nuclear steam supply system 
by providing a 15-percent capability margin in the turbine generator. The 
key plant design parameters are summarized in Table 1. 
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TABLE 1 

f1.!\JOR PLANT PARAi•1ETERS 

Thermal Power, MW 975 
Gross El ectri ca 1 Pm-1er, M\~ 380 
Design Life, Years 30 
Reactor Mixed Mean Outlet- Temp., °F 995 
St~am Pressure at Turbine Throttle, psi 1450 
Steam Temp. at Turbine Throttle, °F 900 
Feed1vater Temp., °F. 450 

DESIGN AND PROCUREMENT PROGRESS 

This past year has been an important and eventful year for the Project, 
not only because the CRBRP has figured in the national news as part of the 
ERDA program to deal with the energy crisis but also becc.use of the substantial 
progress made by the Project. 

The reference design for the CRBRP has been established and published. It 
includes all system descriptions, flow diagrams, conceptual general arrange­
ment drawings, equipment list, and Project schedules. The Project has 
progressed into the detailed design phase and procurement activities. 
This section summarizes the design and procurement status of some of our 
major components. 

The reactor vessel, shown in Figure 3, is presently in fabrication at 
Babcox and ~Jilcox Company under a cost-plus-fixed fee contract placed in 
f··lay, 1976. The vessel is 20-1/2 feet in diameter and 57 feet tall, and it 
varies in wall thickness from 2-l/2 to 3-l/4 inches. Figures 4, 5 and 6 
picture components of the reactor vessel in fabrication. 

The core support structure shown in Figure 7 is the largest structure iri 
the reactor vessel. Final design was the responsibility of the Westinghouse 
Advanced Reactors Division, and' a firm-fixed price fabrication contract was 
let in March 1976 to Allis Chalmers, Inc. Figures 8 and 9 show f~brication 
ope rat ions. 

We are into final design on the core former structure, upper internals 
structure, and horizontal baffle. Long-lead materials procurement action 
has been initiated for the core former struct~re and upper internals 
structure. 1 

The carbon silicon ~teel reactor vessel head depicted in Figure 10 has an 
outside diameter of over 22 feet, a thickness of 22 inches, and a weight of 
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802,000 pounds. It consists of three offset rotating plugs to enable 
positioning of the in-vessel fuel handling machine over any location of 
the core to facilitate timely refueling operations. Long-lead material 
fo'r the closure head \·Jas ordered in January.l975, and a cos't-plus-fixed 
fee contract for manufacture was placed with.Chicago Bridge and Iron in 
November 1975 .. Figures 11 and 12 show the plugs in fabrication. 

The heat transport system includes primary and secondary sodiu~ loops 
which have identical primary and secondary sodium puillps. Byron Jackson 
is the vendor for the pumps and will build them on a cost-~lus-incentive 
fee contract placed in June 1975. The pump design shown in Figure 13 is 
improved over the early conceptual designs. Improvements include a 
reduction in shaft height of seven feet~ easing of net positive suction 
head requirements, higher mechanical efficiency, and reduced communication 
with the pump tank. Each pump will deliver 33,700 gpm at a discharge head 
of 458 feet of sodium. The pump motors are powered by mg sets which supply 
the variable frequency ac power required to pennit load follo~ling. Since 
it is desirable to maintain unity power to flow ratio in an LNFBR, the 
primary and intermediate pumps must be capable of variable speed operation. 
The present design permits load follOiving betw·een 4m~ and 100;~ of full 
power. 

Atomics International was ~warded a lett~r contract in September 1975 as 
the vendor for the steam generator module pictured in Figure 14. A 
prototype unit will be tested in· near prototypical operating conditions 
and may be usable as a spare following testing. The design involves the 
use of the "hockey stick 11 concept in v1hich 757 109-mil croloy tubes, 
5/8 inch in outside diameter, are back-face welded to the croloy tube 
sheets. The radius of curvature of the tubes is kept high, and the tube 
material purity requirements are made stringent.by special fabrication 
processes such as vac~um arc remelting. These requirements are imposed to 
minimize the potential for flaws in the tubes and tube-to-tubesheet joints. 

The i ntennedia te heat exchanger as shovm in Figure 15 was designed by 
Foster Wheeler Energy Corporation under a firm-fixed price contract entered 
into in July 1975. Foster Wheeler will build the three units required under 
a chan~e notice to the contract approved in April 1976. The outw~rd appe~r~nce 
of the CRBRP IHX is much like' that of the FFTF IHX, but refinements permit 
much closer tube spacing and thinner tubesheets. Those refinements 
involve the use of straight tubes, f~ont-face tube-to-tubesheet welds, and 
a downcomer expansion bellmvs. We believe that this IHX can readily be 
scaled up from the CRBRP size to commercial s~ze with only minor additional 
refinements. 

Each IHX has 2350.tubes of 7/8 inch diameter and 45-mil wall thickness, with 
a heat transfer area of 15,800 square feet. Each transmits 325 MWt of heat 
at a log mean temperature difference of 68°F. 
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To summarize, ~ubstantial progress has been made in the procurement of 
major plant equipment. The major hardware contracts placed, listed in 
Table II, plus those in negotiation cover two-thirds of the total Project 
equipment costs. Nm~, with our major long lead items on order, the 
Pr~ject is entering into procurement of bu~ld-to-print items. 

TABLE II 

MAJOR CRBRP EQUIPMENT CONTRACTS 

@' Containment Vessel 

o Reactor Guard Vessel 

' 'Reactor Vessel 

~ Core Support Structure 

o Closure Head 

o Control Rod Drive Mechanism 

o Check Valve 

~ Intermediate Heat Exchanger 

~ IHX Guard Vessel 

e Plant Pumps 

a Pump ~uard Vessels 

e Pump Drive System 

G Steam Generators 

o Sodium Dump Tanks 

·e Turbine Generator 

Subject 13 - Page 5 

I 

i 

I 
.; I 

I 

I 
! 
i 
I 



LICENSING PROGRESS 

No discussion of Project status would be complete without a discussion 
of licensing. The major CRBRP licensing milestones are shown in Figure 
16. The Environmental Report was completed in October 1974 and was sub­
mitted to the Atomic Energy Commission at that'time. Questions \vere 
asked by the AEC. Hhen the AEC v1as split into ERDA and the Nuclear Regu­
latory Commission early in 1975, NRC continued the questioning. The Project 
provided answers to add infdrmation considered necessary by NRC. After re­
view of the additional information~ NRC accepted the Environmental Report 
for docketing on April 10, 1975 .. 

Additional question's were raised by NRC during its r2vie1v, and answers 
were submitted by the Project. NRC issued its Draft Environmental State­
ment (DES) on February 12, 1976 which was favorable to the Project. 

Following a comment period, NRC delayed issuance of the Final Environmental 
Statement (FES) until some 13 specific issues have been resolved. The 
Project submitted information to achieve the required resolution of these 
issues and a very favorable FES \vas issued on February 6, 1977. The Project 
is now in preparation for the public hearings expected to begin in April. If 
all goes well, the Project anticipates the granting of a Limited Work Author­
ization (U~A) to commence site preparation in August 1977. · 

While these efforts are under way in the environmental area, there ·has been 
a parallel ~ffort on the safety analysis of the plant. The Preliminary Safety 
J\na lysis Report v1as accepted for docketing by the NRC in June 1975. NRC he s 
asKed a large number of questions concerning the Report: there were more 
than 1100 questions in the first round, and over 250 have already been 

.received in the second round. We have answered nearly all of the questions 
that we have received. 

To help ensure a timely Construction Permit, the Project has developed an 
integrated set of detailed schedules aimed at resolution of specific issues 

·involved in the safety analysis of the plant. 'With a concentrated Project 
and NRC effort in the area, we anticipate beginning mat construction in 
the latter half of 1978. · 

In late 1975 through mid-1976, the Project submitted information to supplement 
the PSAR on the subjeGt of hypothetical core-disruptive accidents -probability 
of occurrence, accident progression, and radiological consequences. The result 
has been NRC agreement that such accidents need not be included as design-basis 
events for the CRBRP. Rather, the CRBRP will be shown to provide reasonable 
margins for protection of public health and safety. 

It is clear that the licensing of a first-of-a-kind plant is not an ,easy task,· 
but the Project is making marked progress: the Environmental Report is 
docketed, a favorable Final Statement has been issued, v-1e are about to begin 
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Environmental 'Hearings leading to an U·JA, and anticipatory actions are 
underway to facilitate a timely Construction Permit. 

SUf'tt1ARY 

To summarize, the nucl~ar steam supply system for the CRBRP is·well along 
in planning, design, and manufacture. ~·Je are staying close to our planned 
costs, schedules, and spending while achieving our technical objectives. 
All major long-lead equipment is on order, and build-to-print equipment 
is entering the procurement .process. Our sched~le is controlled in the 
short run by licensing requirements; our immediate need is for the Limited 
~Jork Authorization so •w'/e can start moving earth. 
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