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NOTICE

The Energy Reorganization Act of 1974 (Public Law 93-438) establishing.
the Energy Research and Development Administration (E.R.D.A.) and the
Nuclear Regulatory Commission (N.R.C.) became effective on January 19,
1975.

.Throughout this Preliminary Safety Analysis Report, appearance of or.
reference to the Atomic Energy Commission (A.E.C.).(with the exception
of the Directorate .of Regulation) will now mean the Energy Research and
Development Administration.

Appearance of-or reference to the.Atomic Energy Commission (Di-rectorate
of Regulation) will now mean the Nuclear Regulatory Commission.

)



Chapter 1.0 - INTRODUCTION AND GENERAL DESCRIPTION OF THE PLANT

.l Introduction

..

A.

The, Clinch River'Breeder Reactor Plant. (CRBRP) will provide a vital
step i:n the United. States.' reactor development program. The objective of
theU.S. Energy Research 'and :Development Administration (ERDA) Liquid Metal
Fast Breeder Reactor (LMFBR) program is to develop,. on a broad, proven
technological and:engineering base, with joint utility and industry
participation, a commercial breeder reactor industry.-

In keeping with the objective of the LMFBR program, the objectives
of the CRBRP, are!as fol lows:

I. To confirm.and demonstrate
mental ýdesirability of the
economic" future option for

the potential value and environ-
LMFBR concept as a practical and
generating electical power;

2. Confirm the value of this concept for conserving impor-
tant nonrenewabl.e national resources;

3. To develop, for the benefit of government, industry and the
.,public, important technological and economic data;

4. To provide a broad base of experience and information im-
portant for commercial and industrial application of the
LMFBRM concept; and

5. To verify certain key charaCteristics and capabilities of
LMFBR plants for operation on utility systems such as

licensability and safety, operability, reliability,
avail-ability,, maintainability, flexibility and prospect
for economy.

Since there is limited experience within the present-day licensing•
framework which-is directly relatable to a first-of-a-kind demonstration
plant such as the CRBRP, the information presented in this introductory
section is more extensive than normally found in light water reactor
PSARs.

i
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1.1.1 General Information

This PSAR is submitted in support of a joint application by the

231 United States Energy Research and Development Administration (ERDA),
Project Management.Corporation (PMC) and the Tennessee Valley Authority
(TVA) for a CP and Clas.s104* (b).Operating License to construct and operate
the;.Nation's first.; large-scale LMFBR Demonstration -Plant.

The'plant Will consist of a single generating unit, employing-a
liquid metal cooled fast breeder reactor Nuclear Steam Supply System
(NSSS). Westinghouse Electric Corporation (Advanced Reactors Division)
is responsible for the design of the NSSS and ofthe steel containment,
under the technical direction of the United States. Energy Research and..
Development Administration's .(ERDA) Division of Reactor Development and

23 Demonstration. The.General...Electric Company and-the Atomics.International
Division of• Rockwell International Corporation have major subcontracts,
related to the NSSS, from.Westinghouse. Burns &.Roe.is responsible for the
design of:the balance-of-blant (BOP) and other functions normally associated
with the architect-engineer (e.g.., characterization of the site seismology,.
etc.), and 'Stone and Webster Engineeri'ng Corporation is responsible for

41 construction of the plant and.site facilities, both under the direction
of ERDA...The. plant will.be, operated by TVA through contractual arrange-

23 mentswith ERDA~.•Further amplification. of the relationship between these
participants in'the Project:is found in Section 1.4 of this.PSAR.

The Cl6inch River. site is iAn east Central Tennessee in- the eastern
part of"Roanreý County and within the town limits of OakRi'dge:, approximately
25miles west of Knoxville. The site is on a peninsula bounded on the
nori-h by ERDA',s..Oa:k Ridge Reservation and on the remaining sides by the
Clinch River. Complete.details of the site location, layout and charac-
teristics are given in Chapter 2.of this PSAR. -

The design power level for the plant is 975 MW(th), corresponding
to a gross generation level of 380 MW-(e). This power level is discussed
under the terms "thermal/hydraulic" (T/H.) conditions in various sectionsof the PSAR. It is this power level which forms the basis for the present
appl ica-tion., and for the safety analyses presented in Chapter 15.
However, the permanent components of the plant (heat transport system,
core support structure, BOP, etc,) have been designed for additional
capability, namely for a power level of 1121 MW(th) corresponding to a
gross generation level of 439 MW(.e). These latter conditions are referred
to as "stretch" conditions in this PSAR. In various sections, components
are shown to be capable of accommodating "stretch" conditions. Although"stretch" conditions do not form the basis for the present application,
subsequent to issuance of the Construction Permit, a supplementary
application may be made to increase the power level to thse "stretch"
conditions. However, for purposes of the CP review, the additional
capability of permanent plant components should be treated as an inherent
margin in the plant design.

1.1-2
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The plant I s designed with threel maIn cool ant:. loops, and the, Intended mode of
operation is that ail three loops. should:be conti nuously in ... servIce,.

.While the system desIgn is, intended fto be capabLe of: allowing:" for:-operation at
power on two loops, the applicant.is .. not. roquesti ng, NRC reviewt of.: thi s opera-
tional mode. If, at some. time. I.n the future, the. appli cant considers, that all
safety requirements can be met,.under two-loop operatiloin without, signlflcant
additional design features, the applicant may elect to apply to NRC for a
two-loop operation capability. This should not constrain the NRC review of
the construction permit application.

The constructi on com pletion data for. the ..pl ant. was ..orlgi nall Iy scheduled for
September,- 1-981. 1unil current Congressional andAdministration actions are
completed, ýthe reactor critical itylday. cata cannot. :be re.-schedul ed..,

1.1.2 Overview of Safety Design Approach

The, deslgnhof the CRBRP Is based on the :defense- In-depth ..safety, phi. losophy,commonly known as "theThree Level.s ofSafety design approach. A summar.y of
the design safe•. appr oachforthe RBRP. is prov i ded In Tabl. es I.1-, and ,;-2.

'~ ~ ~ ~~o~h .."fo the, "'". : . . ."-"Y""" 7"'." #(

Level 1 Designý.
The 6: fi' rst: leve l of safeety provides reliabie plant o.:OPer ati on and preVention of

I accidents duing normaI operatiing conditions through the. Intrnsic features of
the design, such as quality assurance, redundancy, maintainability, test-
.abil ity, inspectibility, and failI-safe characteristics. Theplant. Is .desIgned
not only to.-caccommodate steady-state power conditions, but also to have
adequate tolerance for normal Qperati~ng. transients,. such. as, start-,up, shut-
down, and. load-following. As a baslcý part•of the CRBRP devel opment! program, a
number of, large-scale- enginee6rin.g proof. tests. are.belng performed to verify
the design, concepts. This testi ng pprocess. provil .des pred ictab I II ty of :.per-.
formance and,.hence, safet• through assurance. of the. use..of proven methods,
materiaI s), an d techno'l•ogy.

Extensive :pre-operational test programs.will be conducted in the plan~t..to
assure conformance of components and systems to the established.performance
requi rements. Key parameters. w I I I be moni tored..contl nuous l y or routi nely ...and
well-define surveillance, In-servlce Inspection,. and preventive maintenance
programs wilI be. carriled.out by a tralined,..operating and maintenance staff to
provid e assurance that 'as-bu'il tquali ty Is malntalned through. the I ife of the

.Iplant.

Level, 2 Deslin

Theo second evel :of safty, provides. protection .against. Anti c ipated. and,. Un-.
likely Faults (such as partlal loss.of flow,' *.reactivity. Insertions, failure of
parts of the contro,:system, or fuel' handling ersrors -. Faul.ts are defined In
Table 1.1-1A) which might occur In spite of the care taken In design, con-
structi.on,. and operation of the plant. This level of safety

1 .1-3



for the public is provided by redundancy of critical components as well
as by protection devices, and systems designed to assure that such events
will be arrested. The requirements for these protection systems are
based on .a spectrum of occurrences which'the-olantj-design must safely .
accommodate. .Conservative design practices, including providing
redundant detecting and actuating equipment, are incorporated in the
-protection systems to assure both the effecti veness.and "reliabillity of '
•this. second level of design. - These system•s .are designed toa be'.routinely
monitored and tested to provide full assurance' 'that if they are.
%required to operate, they will..do so rel iably.

Level 3 Design
The" third level of safety supplements the.fi*s-t twolevelsbyproviding

acceptable plant response to extremeiyhly jukely faults:. such as largei ppe
leaks, large sodium fires, or large sodium-water reactions. A list of
extremely unlikely faults used as design cases is provided in.Table 1.1-3..
Although occurrence of these faults .is-of low probabilTity,; approriateengineered safety features are incorporated into the.CRBRP design to safely.
•accommodate'such.events. Conservative assumptionst and" evaluation :methods,
suchas assumed* fai lure of any single ac-tve component, "are used to: "deveop
ýadequate designs. In addittion, conditions ýas'sociated "8with extremely' unlikely
natural phenomena, which bound the most severe that have been historicaol.ly

'reported .for the site and the surroundings, are used-as desig• bases::fo
the. plant. These. include such low probability events. as ýsev5e.e'reearthquakess,
tornadloesý,0 and floods,:. These'faults and natural phehQienfa combine to define,
the ;design., basi:s envelope'.

Rel.iabil i ty- Program .. &J.ji.

- PRrimarky: emphasis sin the CRBRP design. is pl.aced. on adh.erehnce to 6th
firstt•wo~levels"of safety.;, part of this emphasis i~s carried by'. the.
Refiabi••ity-ýProgram. The basi'c objective of the Reliafbifty Program is'to
provide;o ass'urance beyond the normal desidgn' process 'that the probabi i'ty
of. exceeding'the guideli nes for radiological release is acceptably lo.•W..

The details of the Reliability Program are discussed in PSAR
Appendix -C.

Desi'gn Margins Beyond the Design Base

• As"discussed above, the safety design philosophy.of the plant provides
"-for-mitigation of the full range of. events from relatively trivial events to

postulated design basis accidents.

Because of the extremely conservative .approach to. safety of the plant
and the extensive safety features provided, it has been concluded by the
Project and-cohcurredin by the NRC-staff t-hat-core disruptive accidents'
can and must be excluded'from the-design basis accidents for the plant.

This is::documented-in References 1.and 2.
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However, to provide extra margin, because of the first-of-a-kind nature of the
plant, certain hypothetical core disruptive accidents have been analyzed. As
a unique feature of the design of this plant, additional Design Margins are
provided such that even the consequences of postulated HCDAs will also be
adequately accommodated. These incl~ude both structural and thermal margins.

Structural Margi.n Beyond the Design Basis. (SMBDB) assure that extra margins.
exist to accommodate structural loadings on the reactor vessel system and the
PHTS components from postulated HCDAs. Thermal Margins Beyond the Design
Basis (TMBDB) jassure. that radiol ooglcal consequences of: HCDAs w I Ibe mitigated
to acceptable .levels.. Preliminary.detalils are provided in Reference 10 Of
PSAR Section 1.6.

Piping Integrity.:Considerations

The integrity of the sodium piping In containment is of special concern
because of the function of the sodium heat Jtransport:. systems, .in mal.nta Ining
the reactor core in a safe.condition. A multifacetted program:has been.
undertaken by the -Project 'to assu re -and document ,the .h I gh. i nteg r;ity of ý"the
in-containment sodium pi.ping. :-The details of .the, piping: IntegrIty program are
discussed in Reference 2-,of -PSAR. Sectlon 1.6. :The program,w Il show that with..
the appropriate material ssurve-IIl-ance, in-servi~ce lUspection and leak
detect ion provisions, double-ended pipe ruptures of the sodi um pi pi nglI in
containment can be excluded.from the...:CRBRP ..,design, basi.s.

D 1.1.3 Applicability of ,Reguli"-atorvy GuO ides.

The NRC Regulatory Guildes .provide Regu latory gu i dance; as to how the
requirements of NRC regul atilons may be , sati sf ied. -These ýrequi rements ,:are set.
forth in Appendix A to iOCFR Part 50:- for des~ign .of ,nuclIear ipoWer plants. and in
various parts of 10 CFR for design, construction, operation, and quality
assurance. Many of :the. detail,ed.,.requirements addressr.dlirectli:y the 1lght-
water-cooled nucl ear power pil-ants. Consequentl'y,- a -number:of the.-requirements
of the exlsting Regulatdryý Gu•ides may or..-may not apply 1othe CRBRP, due to
the differences In designs between the L-MFBR pl:ants and the LWR:plants.

The Regulatory Guldes. have been rev iewed- ..for- applicability to CRBRP-and the
NRC gui dance I s foll] owed as appropr I ate- to.. an LMFBR. :A summary of th is
appl icabil Ity to CRBRP is proylded In.: Appendix I. The Regulatory Gu-ides. have
been designated: . appl.icable-in total., applicable Intrinci-pl'e.:an.d intent, or.
a ppl icatlon to CRBRP I s .inapproprlate.. Table 1 -wlI le revised-for the FSAR
to add references to Sections where specific applicability of the Regulatory
Guide Is discussed.

References to Section 1.1

1. Letter from R. P. Denise (NRC) to L. W. Caffey (Director of CRBRP
Project), May 6, 1976.

2. Final Environmental Statement for the Clinch *River Breeder Reactor Plant
(Docket No. 50-537), NUREG-0139, February 1977.

1.I1-5 Amend. 74
fnt-. 1 O%9
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S TABLE- 1.1-10

S SUMMARY, OF DESIGN SAFETY.APPROACH FOR THE CRBRP

This table represents-the .CRBRPi.Project Design Safety Approach.

411 1. .-:.The fol-lowing three. levels of safety approach.-used in CRBRP',design is
genera.lly .consistent with the three levels of safety concept used
by Regulatory to evaluate the adequacy, for licensing purposes, of
nuclear power reactors. However, beyond these three levels, the
CRBRP approach includes structural- and thermal:margins._ beyond-'the

41 design base as indicated in reference 10 of Section 1.6.

a. JThe fi'rst level focu uses- on. -.the:.-rel.i abil ity .of operation:
andl, prevention,-of acci~dents ::through: ,the intrinsic features
of the design, construction,- and operation of.the plant-

Aincl uding quality.,assurantce,: redundancy., -testability,
:inspectability, mmainta.i~n'abillity, ,and :ýfa:ilsafe::features
of ýthe: components and systems of the .entire plant.

b. The second level. fcuses on theprtectii on against
Anticfpat0ed-Fats-and. Uhlikel-y- Faults (as definedi n Table.-l.'A) which might occur despite-the care. :
taken in design, construction, and operation of the
plant set :,forth in; Level One, above, -This protectionwill.• ensure ,,that.::the plant is placed in a safe ,-

- conditioný fol;,lo wing .g:one, of .these faults. . - -

c. The_ t-hird- level --,focuses ,on the ;determination :of: events-
-- -to be- classifiedý -as '..ExtremelyUnlikely Faults (as

defined in Table. 1-.-lA) -and their inclusion in the
design basis. Table: 1.-3 contains a li-st3o suchc-"Extremely Unlikely Faults". These faults are of low

.- probability and 'no -such :events- are expected::to-occur "
during the plant lifetime. Even though.-they represent
extreme and funnlikely•cases of failures ', they have been'..
analyzed using-the-same Conservative assumptions-as -,

-,thoSe -employed in consideration of second level events.

41 I.l 6

Amend. 42
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TABLE1.1-lA

DEFINITION OFTRANSIENTS

1. Anticipated Fault

An off-normal condition which individually may be
expected to occur once or more during the plant
lifetime.-

2. Unlikely Fault

An off-normal condition which individually is not
expected to occur during the plant lifetime; however,
when integrated over .all components and systems, events
in this category may be expected to occur once or more
during the life of the plant.

3. Extremely. -Unlikely Fault

.An off-normal condition of such low probability that.
no events' in this category are expected to occur during
the plant lifetime, but which nevertheless represents
extreme or limiting cases of failures.

1.1-7
Amend. 41
Oct. 1977



'EL J OBJECTIVE

Provision of simple, reliable
and functional design free

-of defects, with inherent safe
per~ormance, fabricated, and
operated to the highest
proven standards.

Provision of protection
systems for adequate re-
sponse of system in the
eventof all identified
.ransients.

OPERATING CATEGORY

Normal operation

Anticipated Faults*

Unlikely Faults*

TABLE 1.1-2

MULTI-LEVEL DESIGN OF CRBRP.

TYPICAL EVENTS WITHIN
OPERATING CATEGORY

4 Full power op eation,.
*Startup & Shutdown
0 Refuel ing -

*Loss of'off-site power
" Loss of.pcwer to one pump
" Spurious- scrams":

*Pump seizure
*Liquid Radwaste system

failure"
eSmall Steam Generator-

leak

OCCURRENCE PROBABILITY

Normally occurring

Each event is expected
to":occur at.least

-once in the life of
the-plant

These. events are in--
Idividually not expected,
to: occur, but based: on.
.the total list of.such

.events, one mightloccur
once during the life of
.the plant..

• TYPICAL DESIGN
FEATURES

*Fuel assembly designed to
prevent flow blockage

6 Fuel. of proven performance
through life ,

*Core restraint to providenegative power coefficient
'OAdequate Doppler coefficient
*PLow pressure coolant systems

with wide margin to boiling
.*Maximum use of proven tech-

nology and hands-on maintenance
.*Radioactive waste treatment

system
'Multiple reactor coolant loopsr. Decay heat removal redundancy
'oBattery power supplies for vital
.services

eGuard vessels .for leak protec-
tion • . .

*Inert atmosphere in.Sodium
Cells

eTwo independent shutdown
systems•

,Sodium water reaction protec-
*tion system 5 • -0

.. 3.

1.

0@
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LEVEL

3'

OBJECTIVE

Provision of extra capability
to cope with extremely unlikely
events which are never expected
to occur, and additional design
fequirements to provide prudent
margin for unforeseen events'.

OPERATING CATEGORY

Extremely Unlikely
Faults*

TABLE 1.1-2.

MULTI-LEVEL DESIGN OF CRBRP

S ..Page• 2

TYPICAL EVENTS WITHIN
.. OPERATING CATEGORY.

*Large. sodium-fire
*Large sodium water

reaction
*Large steam system

pipe rupture

Unforeseen events, hypo-
thesized to involve a
radiological release

OCCURRENCE PROBABILITY

Never expected to occur

Hypothetical Events- .The reliability program
shall confirm that the
probability of exceed-
ing IOCFR100 site dose
criteria is acceptab,y
low.

TYPICAL DESIGN
FEATURES

oContainment isolation
*Low leakage. containment
*SWR pressure relief system
*Pipe rupture criteria

oCapability to accept extra•thermal loads in the core
support structure:

eCapability to accept dynamic
loads in vessel, and primary
system, components:

oGeometric requirements in
.and 'around the vessel

*Control room radiological.
protection :

4

~CC 'C'

Provision of capability to with-
stand natural phenomena to a
degree consistent with estab-
lished NRC guidelines.'

Design Basis Environ-
mental Events

" Flood
* Earthquake
* Tornado .

These.events at design
bases magnitudes are
never expected to
Occur.

oSiteselection, Flood barriers
*Seismic design criteria
*Tornado design criteria

15

*Defined in Table 1.1-A



TABLE 1.1-3

LIST OF EXTREMELY UNLIKELY FAULTS USED AS DESIGN BASES
9

411

Design Basis Earthquake, Flood or Tornado

Large Steam System Pipe Rupture

Large•Sodium Spills Inside and Outsi'de.

Containment

Large Na-H 20 Reactions. in the Steam Generator

0
0©

1.1-10,

Amend. 41
Oct. 1977



TABLE I

EVALUATION OF APPLICABILITIES OF EXISTING NRC
REGULATORY GUIDES TO THE CLINCH RIVER BREEDER REACTOR PLANT

REY- NUMBER TITLE APPLICABILITY JUSTIFICATION/EXPLANATION

1.1 Net Positive Suction Head
for Emergency Core Cooling
and Containment Heat
Removal System Pumps

1.2 Thermal Shock to Reactor
Pressure Vessels

2 1.3 Assumptions Used for
Evaluating the Potentlal
Radiological Consequences
of a Loss of Coolant Acci-
dent for Boiling Water
Reactors.

2 1.4 Assumptions Used for Evalu-
ating the Potential Radio-
logical Consequences of a
Loss of Coolant Accident to
Pressurized Water Reactors.

1.5 Assumptions Used for Evalu-
ating the Potential Radio-
logical Consequences of a
Steam Line Break Accident
for Boiling Water Reactors.

1.6 Independence Between Redun-
dant Standby (Onsite)
Power Sources and-Between
Their Distribution Systems.

1.7 Control of Combustible Gas
Concentrations In Contain-
ment Following a Loss of
Coolant Accident

1.8 Personnel Selection and
Training

The Regulatory Guide has no
commonality with CRBRP design;
therefore, application to CRBRP
Is Inappropriate.

The Regulatory Guide has no
commonality with CRBRP design;
therefore, application to CRBRP
Is Inappropriate.

The Regulatory Guide has no
commonality with CRBRP design;
therefore, application to CRBRP
Is Inappropriate.

Applicable in principle and
Intent.

The Regulatory Guide has no
commonality with CRBRP design;
therefore, application to CRBRP
Is Inappropriate.

CRBRP design precludes the need for
an ECCS or other safety related
systems with pumps whose performance
depends on containment pressure.

The CRBRP Reactor Vessel Is not sub-
jected to thermal shocks with signifi-
cant potential to cause brittle
fracture even after a 30 year accumu-
lation of Irradiation damage.

Refer to Regulatory Guide 1.4. The
guide is applicable to BWRs.

Accident conditions and source terms
delineated In Regulatory Position C.1
are specific to PWR technology.
Positions C.2a through C.2f are
applicable to CRBRP.

These regulatory requirements are for
BWR plants. Reg. Guides 1.109 and
1.145 Identify the assumptions to be
used for radiological analysis of
accidents.

Applicable In Total.

The Regulatory Guide has no
commonality with CRBRP design;
therefore, application to CRBRP
Is Inappropriate.

CRBRP Is not subject to a design
basis accidents with potential to
produce significant amounts of
hydrogen in the containment.

Applicable In Total.

'2



TABLE I (Continued)

JUST IF ICATION/EXPLANATIONRE. NUMBE TITLE APPLICABILITY

2 1.9 Selection, Design and
Qualification of Diesel-
Generator Units Used as
Standby (Onsite) Electric
Power Systems at Nuclear
Power Plants.

1 1.10 Mechanical (Cadweld) Splices
In Reinforcing.Bars of Cate-
gory I Concrete Structures

- 1.11 Instrument Lines Pene-
trating Primary Reactor
Containment

Supplement to Safety Guide
11, Back fitting Considera-
tions

1 1.12 Instrumentation for Earth-
quakes

1 1.13 Spent Fuel Storage
Facility Design Basis

1 1.14 Reactor Coolant Pump Fly-
wheel Integrity

1 1.15 Testing of Reinforcing Bars
for Category. I Concrete
Structures

4 1.16 Reporting of. Operating
Information - Appendix A
Technical Specification

1 1.17 Protection of Nuclear Plant
Against Industrial Sabotage

Applicable In Total.

Appi icable
and Intent

In Principle Superceded by R.G. 1.136, 1.142, 1.94

Applicable In total.

Applicable In total.

Applicable
Intent.

Applicable
Intent.

In principle and

In principle and

The location restrictions specl-
fled for LWRs are not responsive
to the structural and equipment
differences In an LWBR. Appro-
priate locations for CRBRP are
Identified.

Specific elements of the method of
Implementation as described In this
Reg; ,Guide are not compatible with a
liquid metal coolant design.

Coolant pumps In CRBRP are not
provided with flywheels.

Superceded by R.G. 1.136, 1.142, 1.94

The Regulatory Guide has no
commonality with CRBRP design;
therefore, application to ORBRP
Is Inappropriate.

Applicable In principle
and Intent

Applicable In Total.

Applicable In Total.

Applicable in Principle
and Intent.

1 1.18 Structural Acceptance Test
for Concrete Primary Reactor
Conta Inments.

Superceded by R. G. 1.136

© QI)@



TABLE I (Continued)

REEL NUMBER TITLE APPLICABILITY IJUSTIF ICATION/EXPLANATION

I

1 1.19 Nondestructive Examination
of Primary Containment Liner
Welds

2 1.20 Comprehensive Vibration
Assessment Program for
Reactor Internals During
Preoperational and Initial
Startup Testing.

1.21 Measuring, Evaluating, and
Reporting Radioactivity In
Solid Wastes and Releases
of Radioactive materials in
Liquid and Gaseous Effluents
from Light Water-Cooled
Nuclear Power Plants

1.22 Periodic Testing of Pro-
tection System Actuation
Functions.

1.23 Onsite Meteorological
Programs.

1.24 Assumptions Used for
Evaluating the Potential
Radiological Consequences
of a Pressurized Water
Reactor Gas Storage Tank
Failure.

1.25 Assumptions Used for Evalu-
ating the Potential Radio-
logical Consequences of a
Fuel Handling Accident In
the Fuel Handling and Stor-
age Facility for Boiling and
Pressurized Water Reactors.

3 1.26 Quality Group Classifications
and Standards for Water,
Steam-and Radioactive-
Waste-Containing.Components
of Nuclear Power Plants.

Applicable
and Intent

Applicable
Intent.

In Principle

In principle and

Applicable In principle and
Intent

Superceded by R.G. 1.136

The high temperature sodium environ-
ment in CRBRP precludes In place
Inspection and the use of

.Instruments to measure UIS vibration.
Extra emphasis is being placed on. the
vibration analysis program and the
testing of scale models to compensate
for this limitation.

Evaluation and reporting of the
quantity of radioactive effluents
pertaining to LWBR technology are
applied. Operating Information
is covered under R.G. 1.16.

Applicable In total.

Applicable In total.

Applicable
Intent.

In principle and

The Regulatory Guide has no
commonality with CRBRP design;
therefore, application to CRBRP
Is Inappropriate.

Applicable In principle and
Intent.

Gas storage tanks for noble gas .decay
are located Inside controlled venti-
lation protective structures. Off-
site radiological consequences
account for these protective
structures.

This R.G. discusses pool water absorp-
tion parameters and Is primarily con-
cerned wlth iodine-based thyroid doses
to offsite Individuals. CRBRP does
not Include a fuel storage (water
pool) nor any other significant Iodine
source.

CRBRP meets the Intent of this Guide
as detailed in the response to NRC
Question 001.274.



TABLE I (Continued)

NUMBER TITLE APPLICABILITY JUSTIFICATION/EXPLANATiON

i

2 1.27 Ultimate Heat Sink for
Nuclear Power Plants

2 1.28 Quality AssuranceProgram
Requirements (Design and
Construction)Y

3 1.29 Seismic Design Classifl-
cation

- -1.30 Quality Assurance Require-
ments for the Installation,
Inspection, and Testing of
Instrumentation andElectric
Equipment.

Appl Icable
Intent.

Applicable
Intent.

Applicable
Intent.

Applicable
Intent.

In principle and

In principle and

In principle and

In principle and

In principle and

CRBRP utillzes both water and air
as ultimate heat sinks.

See note 1.

The Reg. Guide refers to LWRs and
and their technology. CRBRP
utilIzes LMFBR equivalents.

See note 1.

The Intent Is met by assuring a
range of.5 to 9% delta ferrite.

3 1.31 Control of Ferrite Content Applicable
*In Stainless Steel Weld Metal. Intent

2 1.32 Criteria for Safety-Related
*Electric Power Systems for

Nuclear Power Plants.

2 1.33 Quality Assurance Program
Requirements (Operation).

1.34 Control of Electroslag
Weld Properties

2 1.35 Inservice Inspection of
Ungrouted.Tendons, In
Prestressed Concrete Con-
tainment Structures.

- 1.36 Nonmetallic Thermal Insula-
tion for Austenitic Stain-
less Steel.

1.37 Quality Assurance Require-
ments for Cleaning of Fluid
Systems and Associated
Components of Water-Cooled

'Nuclear Power Plants.

Applicable In Total.

Appli cable
Intent.

In principle and

The Regulatory Guide has no
commonality with CRBRP design;
therefore, application to CRBRP
Is Inappropriate.

The Regulatory Guide has no
commonality with CRBRP design;
therefore, application to CRBRP
Is Inappropriate.

Applicable in Total.

Applicable In principle and
Intent.

See note 1.

This weld technique Is not used on
safety related equipment, however
If~electroslag welding Is used-on

.safety related equipment the
requirements of this R.G. will be
met.* .

CRBRP containment Is not a pro-
stressed concrete containment..

See note 1.

0@ ( Z), 0



TABLE I (Continued)

REYý NUMBE TITLE

2 1.38 Quality Assurance Require-
ments for Packaging,
Shipping, Receiving, Storage,
and Handling of Items for
Water-Cooled Nuclear Power
Plants.

2 1.39 Housekeeping Requirements
for Water-Cooled Nuclear
Power Plants.

.1.40 Qualification Tests of
Continuous-Duty Motors
Installed Inside the
Containment of Water-Cooled
Nuclear Power Plants.

1.41 Preoperational Testing of
Redundant Onsite Electric
Power Systems to Verify
Proper Load Group Assign-
ments.

- 1.42 Interim Licensing Policy on
As Low As Practicable for
Gaseous Radiolodine.Releases
from Light-Water-Cooled
Nuclear Power Reactors.

1.43 Control of Stainless Steel
Weld Cladding of Low-Alloy
Steel Components.

1.44 Control of the Use of
Sensitized Stainless Steel.

1.45. Reactor Coolant Pressure
Boundary Leakage Detection
Systems.

APPLICABILITY

Applicable In principle and
intent.

Applicable In principle and
Intent.

Applicable In principle and
intent.

JUSTIFICATION/EXPLANATION

See note 1

See note 1

Applicable except accident
qualification environments will be
based on CRBRP design basis events.

Applicable In Total.

Withdrawn by NRC

The Regulatory Guide has no
commonality with CRBRP. design;
therefore, application to .CRBRP
is Inappropriate.

Applicable In principle and
Intent.

Applicable in. principle and
Intent.

The Regulatory Guide Is concerned
with SS. Welds of low-alloy steel
components under water at high
pressures. The situations of
concern as described In the
Regulatory Guide do not exist In CRBRP

Due to the high temperature of opera-
tion, sensitization cannot be avoided.
Low Internal system pressures and se-
lection of operating environments,
Including Insulation,. will minimize
the potential for stress corrosion
cracking.

Leakage-characteristics for CRBRP
primary sodium coolant are not the
same as for LWRs.. Detectors and
detectlon methods are different.

V



TABLE I (Continued)

NLJM13 TITLE APPLICABILITY JUSTIFICATION/EXPLANATION

1.46 Protection Against Pipe Whip Applicable
Inside Containment Intent.

In principle and CRBRP meets the intent of this Reg-
ulatory Guide, however, the primary
coolant system Is a low pressure
system and not subject to pipe whip.

1.47 Bypassed and Inoperable
Status Indication for
Nuclear Power Plant
Safety.Systems.

1.48. Design Limits'and Loading
-. Combinations for Seismic

Category I Fluid Systems
Components.

1.49 Power Levels of Nuclear
Power Plants.

1.50 Control of Preheat Tempera-
ture for Welding of Low-
Alloy Steel.

A 1.51 Inservice Inspection of ASME
Code Class 2 and 3 Nuclear
Power Plant Components.

Applicable In Total.

Appi Icable
Intent.

In principle and The loadings assocl.ated with design
basis events In CRBRP are different
from those associated with design
basis events In LWRs. Leakage from
IHTS and SGS Is the only leakage with
significant potential to produce
dynamicsystem loadings.

-1
Applicable In Total.

Applicable in Total.

Withdrawn by NRC

Appi Icable In. TotalI2 1.52 Design, Testing, and Mainte-
nance Criteria, for Post
Accident Engineered-Safety-
Feature Atmosphere Cleanup
System Air Filtration and
Absorption Units of Light-
Water-Cooled Nuclear 'Power
Plants.

1.53 App!lication of the Single-
Failure Criterion to Nuclear

Applicable In.Total.

Power Plant Protection Systems.

1.54 Quality Assurance Require-
ments for Protective
Coatings Applied to Water-
Cooled Nuclear. Power Plants.

Appl icable
Intent. -

in principle and

0@.

See note 1.

r
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TABLE I (Continued)

EfLY liUiB APPLICABILITY

1.55 Concrete Placement In
Category I Structures

0 1.56 Maintenance of.Water Purity
in Bolling Water Reactors

1.57 Design Limits and Loading
Combinations for Metal
Primary.Reactor Contain-
ment System Components.

1 1.58 Qualificatlon of Nuclear.
Power Plant Inspection,
Examination, and Testing
Personnel.

2 1.59 Design Basis Floods for
Nuclear Power Plants.

Errata to Regulatory
Guide 1.59.

1 1.60 Design Response Spectra
for Seismic Design of
Nuclear Power Plants.

- 1.61 Damping Values of Seismic
Design of Nuclear Power
Plants.

1.62 Manual inltlatlon of Pro-
tective Actions.

2 1.63 Electric Penetration Assem-
blies In Containment Struc-
tures for Light-Water-Cooled
Nuclear Power Plants.

2 1.64 Quality Assurance Require-
ments for the Design of
Nuclear PowerPlants.

-1.65 Materials and Inspection for
Reactor Vessel Closure
Studs

1.66 Nondestructive Examination
of Tubular Products.

Applicable In principle
and Intent.

Applicable In principle
and intent.

JUSTIFICATION/EXPLANATION

Superceded by R.G. 1.136, 1.142, 1.94

CRBRý uses Sodium Technology to,
establish purity limi.ts for the
reactor coolant.

Design limits and load combinations
have been applied for CRBRP design
basis events.

See note 1.

i::•: 'iT[:

Applicable
Intent..

Appi icable
Intent.

In principle and

In principle and

Applicable In Total.

Applicable In Total.

Applicable In Total.

Applicable In Total.

Applicable In Total.

Applicable In Total.

Applicable
Intent.

In principle and See note 1.

The CRBRP reactor vessel closure
head is not subjected to high
Internal pressures for normal
operation or design basis events.

0.) M~

The Regulatory Gulde has
no commonality with CRBRP design;
therefore, application to CRBRP
Is Inappropriate.

Withdrawn by NRC



TABLE I (Continued)

REY, NUMBER TITLE APPLICABILITY JUSTIFICATION/EXPLANATION

1.67 Installation of Overpressure
Protective Devices.

2 1.68 Initial Test Programs for
Water-Cooled Nuclear Power.
Plants.

1 1.68.1 Preoperational and Initial
Startup..Testing of Feedwater
and .Condensate Systems for
Boiling Water Reactor
Plants..

1 1.68.2 Initial Startup Test Program
to Demonstrate Remote Shut-
down Capability for Water-
Cooled Nuclear Power Plants.

- 1.69 Concrete Radiation Shields
for Nuclear Power Plants.

3 1.70 Standard Format and. Content
of Safety Analysis Reports
for Nuclear PowerPlants.

1.71 Welder Qualification for
Areasof Limited Accessi-
bility.

2 1.72 Spray Pond Piping Made From
Fiberglass-Reinforced
Thermosetting Resin.

1.73 Qualification Tests of
Electric Valve Operators
instal led Inside the Con-
tainment of Nuclear Power
Plants.

Applicable In Total.

Applicable In principle and
Intent.

The RegulatoryGulde has no
commonality with CRBRP design;
therefore, application to CRBRP
is Inappropriate.

CRBRP will use applicable portions
of the Reg. Guides in developing an
Initial startup test program tailored
to an LMFBR type plant.

This guide Is pertinent to BWR's only.

CRBRPwill use applicable portions of
the Reg. Guide In developing an
Initial startup test program tailored
to an LMFBR type plant.

Applicable
Intent.

In principle and

Applicable In Total.

Applicable
Intent.

In Principleand

Applicable In principle and
Intent.

The Regulatory Guide has no
commonality with CRBRP design;
therefore, application to CRBRP
Is Inappropriate.

Applicable In principle and
Intent.

The CRBR PSAR used "Standard Format
and Content of Safety Analysis Report
for Nuclear Power Plants:. "LWBR
Edition" (issued by NRC 1974).

See note 1.

There Is no spray pond in CRBRP.

Due to the low pressure sodium coolant
systems located In Inerted cells,
CRBRP Is not subject to a LOCA In-
volving high containment pressure,
temperature, humidity and radiation.
Other appropriate design basis events
have been Identified for:CRBRP
equipment qualification. I-

I,
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TABLE I (Continued)

RLEV NUMBER IL•LE APPLICABLTJJY JUSTIFICATION/EXPLANATION

1.74 Quality Assurance Terms and
Definitions.

2 1.75 Physical Independence of
Electric Systems.

- 1.76 Design Basis Tornado for
Nuclear Power Plants.

1.77 Assumptions Used for Evalu-
ating a Control Rod Ejection
Accident for Pressurized
Water Reactors.

1.78 Assumptions for Evaluating
the Habitability of a
Nuclear Power Plant Control
Room During a Postulated
Hazardous Chemical Release.

1 1.79 Preoperational Testing of
Emergency Core Cooling
Systems for Pressurized
Water Reactors.,

1.80 Preoperational Testing of
Instrument Air Systems.

1 1.81 Shared Emergency and Shut-
down ElectricSystems for
Multi-Unit Nuclear Power
Plants.

1.82 Sumps for Emergency Core
Cooling and Containment
Spray Systems

1 1.83 Inservice Inspection of
Pressurized Water Reactor
Steam Generator Tubes.

Applicable In principle and
Intent.

Applicable In Total.

Applicable In Total.

Applicable In principle and
Intent.

See note 1.

Appropriate reactivity transients and
analysis assumptions have been
specified for CRBRP.

Applicable In Total.

The Regulatory Guide has no
commonality with CRBRP design;
therefore, application to CRBRP
Is Inappropriate.

The CRBRP'design. precludes the need
for an ECCS.

Applicable In Total.

The Regulatory Guide has no
commonality with CRBRP design;
therefore, application to CRBRP
Is Inappropriate.

The Regulatory Guide has no
commonality with CRBRP design;
therefore, application to
CRBRP is Inappropriate.

Applicable In principle and
Intent.

.CRBRP Is a single unit plant.

CRBRP design precludes the need for
either ECCS or a containment spray
system or other safety related
systems taking suction on the
containment sump(s).

The Steam Generators operate at
high temperatures and in liquid
metal environments. They have an
Inservice Inspection program
designed for an LWBR.

IFi~
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TABLE I (Continued)

fEfJ NUMBER TITLE APPLICABILITY JUSTIF ICATION/EXPLANATION

18 1.84 Design and Fabrication Code
Case.Acceptability ASIE
Section III Division 1.

18 1.85 Materials Code Case Accepta-
bility - ASME Section III
Division 1.

- 1.86 Termination of Operating.
Licenses for Nuclear
Reactors.

1 1.87 Guidance for Construction of
Class I Components In Ele-
vated-Temperature Reactors
(Supplement to ASME Section
Ill Code Classes 1592, 1593,
1594, 1595, and 1596).

2 1.88 Collection, Storage, and
Maintenance of Nuclear Power
Plant Quality Assurance
Records.

- 1.89 Quaiification of Class IE
Equipment for Nuclear Power
Plants.

1 1.90 Inservice Inspection of Pre-
stressed Containment Struc-
tures with Grouted Tendons.

0 1.91 Evaluations of Explosions
Postulated to Occur on
Transportation Routes Near

* Nuclear Power Plants.

1 1.92 Combining Modal Responses
and Spatial Components In
Seismic Response Analysis.

1.93 Avallabtlty of Electric
Power Sources.

Applicable In principle
and Intent.

Applicable in principle
and Intent.

Applicable In Total.

Applicable in Total.

Applicable In principle and
Intent.

Some components are built to a prev-
ious Regulatory Guide revision.

Some components are built to a prev-
ious Regulatory Guide revision.

See note 1.

ApplIcabIe
Intent.

In principle and Due to the low pressure primary
coolant system located In Inerted
cells, CRBRP Is not subject to a
LOCA Involving high containment
pressures, temperatures, humidity
and radiation levels. Other appro-
priate design basis events have been
Identified for CRBRP equipment
qualification.

CRBRP containment Is not a prestressed
containment.

The Regulatory guide has no
commonalitywith CRBRP design;
therefore, application to CRBRP
Is Inappropriate.

Applicable In Total.

Applicable In Total.

Applicable In Total.

¾
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TABLE I (Continued)

REY, NUMBE TITLE APPLICABILI .JIIqT IF irAT I fN/FCPI ANAT ION

I.

1 1.94. Quality Assurance Require-
ments for Installation,
Inspection, and Testing of
Structural Concrete and
Structural Steel During the
Construction Phase of
Nuclear Power Plants.

1 1.95 Protection of Nuclear Power
Plant Control Room Operators
Against an Accidental
Chlorine Release

1 1.96 Design of Main Steam Iso-
lation Valve Leakage Control
Systems for Bolling Water
Reactor Nuclear Power Plants.

2 1.97 Instrumentation for Light-
Water-Cooled Nuclear Power
Plants to Assess Plant and
Environs Conditions During
and Following an Accident.

- 1.98 Assumptions Used for Evalu-
ating the Potential Radio-
logical Consequences of a
Radioactive Offgas System
Failure In a Boiling Water
Reactor.

1 1.99 Effects of Residual Elements
on Predicted Radiation Damage
to Reactor Vessel Materials.

.1.100 Seismic Qualiflcatlonof
Electric Equipment for
Nuclear Power Plants.

Applicable In principle and
Intent.

Applicable In principle
and Intent.

The Regulatory Guide has no
commonality with CRBRP design;
therefore, application to CRBRP
Is Inappropriate.

Applicable in principle and
Intent.

Liquid or gaseous chlorine will not be
used for treatment of circulating
water and will not be stored on site.
Possible off-site release control
requirements will be as per Reg.
Guide 1.78.

CRBRP design precludes the need for
a main steam Isolation valve leakage
control system or a similar
system as part of the containment
system.

The parameters to be monitored for
accidents In CRBRP are different than
those for LWRs due to the difference
In technology. Parameters appropriate
for an LWBR will be monitored.

See note 1.

Issued for comment.

The Regulatory Guide has no
commonality with CRBRP design;
therefore, appllcation to CRBRP
Is Inappropriate.

The CRBRP reactor vessel does not
contain ferritIc materials subject
to significant Irradiation damage.
Reactor vessel material In the belt-
line region is austinitic stainless
steel not subject to brittle fracture
under any normal or accident
conditions.

,!iii:i
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TABLE I (Continued)

TITLE APPLICABILITY JUSTIF ICATIOWJEXPLANATION

2 1.101 Emergency Planning for
Nuclear Power Plants.

1.102 Flood Protection for
Nuclear Power Plants.

1.103 Post-Tensioned Prestresslng
Systems for Concrete Reactor
Vessels'and Containments.

1.104 Overhead Crane Handling
Systems for Nuclear Power
Plants.

.1 1.105 Instrument Setpoints

1 1.106 Thermal Overload Protection
for:Electric Motors on
Motor-Operated Valves.

1 1.107 Qualifications for Cement
Grouting forPrestressing
Tendons In Containment
Structures.

1 1.108 Periodic Testing of Diesel
Generator Units Used as
OnsIte Electric Power Systems
at Nuclear Power Plants.

Applicable In Total.

Applicable In Total.

The Regulatory Guide has no
commonality with CRBRP design,
therefore, application to CRBRP
Is Inappropriate.

Withdrawn by NRC

Applicable In Total.

Applicable In Total.

The Regulatory Guide has no
commonality with CRBRP design;
therefore, application to CRBRP
Is Inappropriate.

Applicable in Total.

CRBRP does not utilize a post-
tensioned prestressing system.

Cement grouting for pre-stressing
tendons In containment structures Is
not used in CRBRP.

Errata to Regulatory Guide
1.108.

1 1.109 Calculation of Annual Doses
to Man From Routine Releases
of Reactor Effluents for the
Purpose of Evaluating Com-
pliance with 10 CFR Part 50,
Appendix I.

Applicable in principle and
Intent.

This Guide Is met In practice and
Intent. More advanced assessment
techniques are used as appropriate.

1.110 .Cost-Beneflt Analysis for
Radwaste Systems for Llgh~t-
Water-Cooled Nuclear
Power Reactors.

0m

Issued for comment

U. U"



TABLE I (Continued)
r*.

TITLE APPL I CAB I L LT JUSTIF ICATION/EXPLANATION

1.111 Methods for Estimating Applicable In Total.
Atmospheric Transport and
Dispersion of Gaseous Efflu-
ents In Routine Releases from
Light-Water Cooled Reactors.

1.112 Calculation of Releases of Applicable In Total.
Radioactive Materials In
Gaseous, and LiquId Effluents
from Light-Water-Cooled
Power Reactors..

1.113 Estimating Aquatic Disper- Applicable In Total.
sion of Effluents from
Accidental and Routine
Reactor Releases for the Pur-
pose of Implementing Appendix
1.

1.114 Guidance on Being Operator -Applicable in Total.
at the Controls of a
Nuclear Power Plant.

1.115 Protection Against Low- Applicable In Total.
Trajectory Turbine Missiles.

-.a

I~'
C..

- 1.116 Quality Assurance Require-
ments for Installation,
Inspection, and Testing
of Mechanical Equipment and
Systems.

1 1.117 Tornado Design Classifi-
cation.

Applicable
intent.

In principle and See note 1.

2 1.118 Periodic Testing of Elec-
tric Power and Protection
Systems.

Applicable In Total.

Applicable In Total.

Withdrawn by NRC

Issued for Comment.

Issued for Comment.,

- 1.119 Surveillance Program for
New Fuel Assembly Designs.

1 1.120 Fire Protection Guidelines
for Nuclear Power Plants.

-.1.121 Bases for Plugging Degraded
• 'PmR Steam Generator Tubes.

, vl



TABLE I (Continued)

BEY NUMBER TITLE APPLICABILITY JUSTIFICATION/EXPLANATION

1.122 Development of Floor Design
Response Spectra for Seismic
Design of Floor-Supported
Equipment or Components.

1.123 Quallty Assurance Require-
ments for Control of Pro-
curement of Items and
Sery ices for Nuclear
Power Plants.

1 .1.124 Service Limits and Loading
Combinations for Class 1
Linear Type Component
Supports.

1.125 Physical Models for Design
and Operation of Hydraulic
Structures and Systems for
Nuclear Power Plants.

1 1.126 An Acceptable Model and
Related Statistical Methods
for the Analysis of Fuel
Denslflcatlon.

1.127 Inspection of.Water-Control
Structures Assoclated with
Nuclear Power Plants.

1.128 Installation Design and
Installation of Large Lead
Storage Batteries for
Nuclear Power Plants.

I 1.129 Maintenance, Testing, and
Replacement of Large Lead.
Storage Batteries for
Nuclear Power Plants.

1 1.130 Service Limits and Loading
Combinations for Class I
Plate-and-Shell-Type Com-
ponent 'Supports.

Applicable In Total.

Applicable in principle and
Intent.

Applicable In principle and
Intent.

See note 1.

Stress limitations specified In the
R.G. do not apply to high temper-
ature operation and are appropriately
adjusted.

Applicable In Total.

The Regulatory Guide has no
commonality with CRBRP design;
therefore, application to CRBRP
Is Inappropriate.

Applicable In Total.

Applicable in Total.

Applicable InTotal.

Applicable In Total.

For LWBR technology, experimental
results show negative densificatlon.

P
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TABLE I (Continued)

RL~~ UNDE

-1.131

1.132

11,133

11.134

11.135

11.136

TITLE

Qualification Tests of
Electri C ablesp Fiel.d
SpI Ices, and Connections
for LIght-Water-Cooled
Nuclear Power Plants.

Site Investigations for
Foundations of Nuclear
Power PI ants.

Loose-Part Detection Program
for the Primary System of
LIght-Water-Cooled Reactors.

Medlcal Evaluation of Nuclear
Power Plant Personnel Requir-
ing Operator License.

Normal Water Level and
Discharge of Nuclear Power
PI ants.

MaterIal for Concrete Con-
tal nments (Aricle CC02000
of the "Code for Concrete
Reactor :Vessels and Con-
taImernts.

Fuel-Oil Systems for Standby
Diesel Generators.

Laboratory Investigations of
Soils for Engineering Analysis
and Design of Nuclear Power
;Plants.

Guidance for Residual Heat
Removal.

Design, Testing, and NMln-
tenance.Cr Iter I a for Normal
Vesnt I ation Exast Sy*sem
Air Filirati-,on aMd Absorp-
tion Units of, L ight-Water-
Cooled Nuclar PoweOr Plants.

APPLiICABIL-I

Issued for Cmiment

Applicable In Total.

Under Project Review

Applicable In Total.

Issued for Comment

Applicable In principle
and Intent with excep-
flons as noted.

Applicable In Total.

Issued for Comment.

Issued for Comment.

Applicable In principle
aned Intent.

See PSAR Section 3.8

1 1.137

- 1.138

0 1.139

1 1.140 CRBRP has Incorporated require-
ments of Reg. Guide 1.52

I•i!•:iS::;!::



TABLE I (Continued)

TITLE APPLICABILITY

1.141 Containment Isolation
Provisions for Fiuld Systems.

1.142 Safety-Related Concrete
Structures for Nuclear Power.
Plants (Other Than Reactor:.
Vessels and Containments).

Issued for Comment.

Under Project Review.

1.143 Design.Guidance .for Radio-
active Waste Management
Systems,ý- Structures, and
Components Installed In.
Light-Water-Cooled Nuclear
Power Plants.

1.144 Audlting of.Qual:lty Assur-
ance Programs for Nuclear
Power Plants.

Applicable, In Principle
and Intent.

Applicable In principle and
Intent.

Calculated off-site releases of CRBRP,
during any accident conditions, are
well below 10 CFR 20 limits.

See note 1.

1.145 Atmospheric Dispersion Issued for Comment.
Models for Potential
Accident Consequence Assess-ý
ments' at Nuclear PowerPlants.

1.146 Qualifications of Quality Applicable In principle and
Assurance Program.AUdit Intent.
Person'hel for' Nuclear
Power. Plants...

See note 1.

1.147. InservIce,.lnspectlon Code..
Case AcceptabiIlity-ASME.
Section Xl DIvision1

1.148 Functional Specification
for Active Valve"Assemblies
in Systems Important to
Safety In Nuclear Power
Plants.

1.149 Nuclear-Power Plant Simu-
lators for' Use, InOperating
Training.

1.150 Ultrasonic Testing of
Reactor Vessel Welding
During Pre-Service and In-
Service Examinations.

Applicable In principle and
Intent.

Those portions of affected systems
that function at high temperatures
and In liquid metal environments
have the Inservice Inspection
programs designed for an LWBR.

Under Project Review

Under Project Review

Under Project-Review

0!
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Note I :

TheCRBRP Quality Assurance Program compiles with the Quality Assurance criteria of the Federal Regulations as defined In IOCFR5O,
Appendix B, "Qual itly Assurance Requirements for Nuclear Power Plants and Fuel Reprocessing Plants." The Project's method of
complying with IOCFR5O, Appendix B. Is through the Implementation of Its overall Quality Assurance program developed In accordance
with RDT F2-2, "Quality Assurance Program Requirements." The Program also complies with supporting standards RDT FJ-2,
"Preparation of System Design Descriptions," RDT FI-3, "Preparation of Unusual Occurrence Reports," and RDT F3-2, "Calibration
Program Requirements."

The various NRC Regulatory Guides are not established as requirements for the CRBRP Quality Assurance Program. However, the
program will accept practices that comply with these guides as fulfilling the like requirements of RDT F2-2 Insofar as the
requirements of RDT F2-2 are met. Maximum recognition will be made of quality assurance practices described In Requlatory Guides
and other nationally recognl|ed _codes.and..standards -as part of the Implementation of the CRBRP Quality Assurance Program.I-

r'3
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TOBLE 1.

6ENkALU TION.O• PýICABILITIES .OF- EXISTINGIAEC

REWATORY GUIDES TO THE CLINCH RIVER BREEDER REACTOR PLANT

No. TITLE. . RATING.OF APPLICABILITY REASONS FOR APPLICABILITY AND/OR IDENTIFI-No..TTLE. OF APLCACATIONS OF CHANGES REQUIRED (OR REASONS

INTENT 1 DETAILED FOR BEING NOT APPLICABLE)
. . ... _ PROVISIONS

1.1

1.2

1.3

1.4

1.5

1.6

1.7

Net Poslitive Suction Head for
Emergency Core Cooling. and
Containment Heat Removal System
Pumps (fomerly Safety Guide 1)

Thermal Shock to Reactor.Pressure
Vessels (formerly Safety Guide
2)
Assumptions Used for'Evaluating
the Potential Radiological Con-
sequences of a Loss of Coolant
Accident for Boiling Water
Reactors (Revision 1, 6/73, of
Safety Guide 3)

Assumptions Used for Evaluating
the Potential Radiological Con-
sequences of a Loss of Coolant
Accident for. Pressurized Water
Reactors (Revision 1, 6/73 of
former Safety Guide 4)
Assumptions.Used for Evaluating
the Potential Radiological Con-
sequences of.a Steam Line Break
Accident for Boiling Water
Reactors (formerly Safety
Guide 5)
Independence Between Redundant
Standby (Onsite) Power Sources
& Between Their Distribution
Systems.(formerly Safety
Guide 6)
Control of Combustible Gas
Concentrations in Contain-
ment Following a Loss of Cool-
ant Accident (formerly Safety
Guide 7)

0.0'

0.0

0.0

10.0%0.0

100%

'3.0

0.0

0.0

0.0

0.0

0.0

100%

0.0

(No equivalent system pumps in the CRBRP)

(No comparable emergency core coolingsystem,
nor any large quantities of cold coolan? t

injection involved on the .CRBR)

A separate new guide. for LMFBRs needs to be
developed. Major changes required include:

1. Emphasis on loss of coolant accident is
not applicable to the CRBRP.

2. Acceptable assuoptions related to the
accident release, taking into
consideration the L"FBR characteristics
as appropriate, and

3. Addition of provisions to allow credit
for reduction in the amount of release
available for leakage(s) due to plate-
out and settling.

Same as 1.3. above

(No.comparable radiological consequences
involved for a steam line break in the CRBRP)

Consistent with the (Proposed) CRBRP,
GDC 17.

There is no zirconium-water reaction, nor con-
tainment spray reaction with metals in the
CRBRP. Also, emphasis on loss of coolant acci-
dent is not applicable to the CRBRP.

However, need for monitoring of contustible
gases is to be assessed.

.L. ____________ I ____________ ________________________________________________________
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TABLE I (Cont.'d)

No. TITLE % RATING OF APPLICABILITY REASONS FOR APPLICABILITY AND/ORIDENTIFI-
CATIONS OF CHANGES REQUIRED (OR REASONS

INTENT 1 DETAILED FOR NOT BEING APPLICABLE)
_ _ _ _I PROVISIONS

S1.8:

1.9

1.11

1.12

1.13

1.14

1.15S

Personnel Selection and Train-
ing (formerly Safety Guide 8)

Selection of Diesel Generator
Set Capacity for Standby Power
Supplies (formerly Safety,
Guide 9)

Mechanical (Caldweld) Splices
in Reinforcing Bars of Cate-
?ory I Concrete Structures

Revision 1, 1/2/73, of
former Safety Guide 10)

Instrument LiheslPehetrating
Primary Reactor Containment
(formerly Safety Guide '11)

Instrumentation for Earth-
quakes (formerly Safety
Guide 12)

Fuel Storage Facility Design
Basis (formerly Safety
Guide 13).

Reactor Coolant Pump Flywheel
Integrity (formerly Safety
Guide 14)

Testing of Reinforcing Bars
for Category I Concrete
Structures (Revision 1)
12/28/72, of former Safety
Guide 15)

100%

100%

100%

1001%.

II

100%

100%

0.0

100%

100%

100%

100%

100%

ANSI N18.1 equally applies to the CRBRP

Intent consistent with the Proposed GDC 17
The detailed provisions are equally
applicable to the CRBRP

Thi~s Guide is directly applicable.

The procedures set forth in this Guide for
testing & sampling of-mechanical splices
in reinforcing bars are considered equally
applicable to the Category I concrete
structures of any nuclear power plant.

'The intent of this Guide is consistent with
GOC.55 and GDC 56 of the Proposed CRBRP GDC.

However,'for the current design selections
of the CRBRP, there are no instrument lines
penetrating the containment.

The intent of this Guide is consistent with
.1OCFR 50.36(c), which applies equally to
any nuclear power plant.

The provisions set forth in this Guide relat-
ing to a suitable program for the seismic
instrumentation required. are considered
equally applicableito the CRBRP as appropriate
The intent of thisGuide is consistent With

GDC 61 of the Proposed. CRBRP GDC.

The detaile4.provisions of this Guide would
be 90% applicable to an LMFBR plant using
ex-containment water pool. spent fuel storage.
The only modification required would be
related to Provision C.4 in that the inventory
of radioactive materials available from
leakage should be based on assumptions con-
sistent with the characteristics of an LMFBR,
rather than Regulatory Guide 1.25 (also see
evaluation of Regulatory Guide 1.25 below).

.The-CRBRP Is presently using an ex-contain-
ment sodium-cooled EVST design. Consequently
the detailed provisions of this Guide is
estimated to be about 50% applicable.

To make the Guide fully applicable to the
CRBRP, appropriate changes are required to
supplement and/or modify Provisions C.3,
C.4 and C.8.

(This Gui e is related to flywheels of reactor
cooldt pump motors In LWRs and is not
applicable to the CRBRP.)

This Guide is wholly applicable to the CRBRP.

0.0

100%

0
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TABLE 1 (;")

9 o. TITLE " RATING OF APPLICABILITY REASONS FOR APPLICABILITY AND/OR IDENTIFI-
CATIONS OF CHANGES REQUIRED (OR REASONS

INTENT DETAILED FOR NOT BEING APPLICABLE)
. PROVISIONS -

1.16 Reporting of Operating Informa-
tion (Revision T, 10/73, of
former Safety Guide 16)

1.17. Protection of Nuclear Plants
Against Industrial Sabotage,
(Revision 1, 6/73, of former
Safety Guide 17)

1.18 Structural Acceptance.Test for
Concrete Primary Reactor Con-
tainments (Revision l, 12/28/72
of former Safety Guide 18)

1.19 Nondestructive Examination ofI Primary Containment Liner Welds
(Revision 1, 8/11/72, of f~ormer
Safety Guide 19)

1.20 Vibration Measurements on Reactor
Internals (formerly Safety Guide
20)

1.21 Measuring & Reporting of Effluents
from Nuclear Power Plants (formerly
Safety Guide 21)

1.22 Periodic Testing of Protection
System Actuation Function (formerly
Safety Guide 22)

1.23 Onsite Meteorological Programs
(formerly Safety Guide 23)

I11 24 Assumptions Used for Evaluating the
1 Potential Radiological Consequences

of a Pressurized Water Reactor Gas
Storage Tank Failure (formerly
Safety Guide 24)

l. 2 5 Assumptions Used for Evaluating theI
Potential Radiological Consequences

*of a Fuel Handling Accident in the
Fuel Handling & Storage Facility for(
Boiling & Pressurized Water ReactorG
(formerly Safety Guide 25)

100%

100%

0.0

100%

100%

100%

100%

100%

100%

50%

1 5% This Guide is partially applicable
to the CRBRP.

The changes required include the
following:
1. The parameter list in Provision

C.l.a.(3).(f) needs minor modification.
.2. In Table 1, the report items related

to "Fracture Toughness" and "Reactor
Vessel Material Surveillance" need
modification for full applicability to,
the CRBRP.. This is due to the reason
that both Appendices G and H to 10 CFR 50
may be not applicable or only partially.
applicable. This in turn depends on the
materials selection for the vessel
system which is not yet firm in certain
areas.

100% This Guide is considered fully applicable
to the CRBRP.

0.0 The containment design selection is steel
so that this is not applicable to the CRBRP.

For the bottom liner in the concrete base,
0.0~ASM4E-LIUI, DiVision 2 provisi.ons will be

followed. (Note: This is so in order to be
consistent'with E-Spec)
The intent of this Guide is applicable,

50% however the testing details aiven are nnt
anoropriate to LMFBR's.

75% The intent of this Guide is equally appl-icable
to the CRBRP.

The provisions in this Guide are only
applicable, to the CRBRP, where appropriate.

The intent of thisGuide is consistent with
the Proposed CRBRP GDC.

100%

95% The intent and provisions Qf this. Guide are
considered generally appl'tcable.
Although in the 'Discussion" section of this
Guide references are made to Safety Guides 3
and 4 which were prepared for LWRs, the
detailed provisions as set forth in the "Reg-
ulatory Position" section of the Guide have no
requirements strictly and exclusively based
upon these two LWR-guides. (Also see Regula-
tory Position C.6.d of this Guide.)

0.0. This Guide was specifically prepared for PWR
plants, although the basic intent is considerec
generally applicable.

0.0

The detailpd provisions are considered
not applicable'to the CR8RP.

For applicability to LMFBRs, major chanaes in
Provisions C.l and C.3 of this Guide are
needed.
Due to basic differences in fuel handling and
storage designs between the CRBRP and. the LWRs,
the detailed provisions of the Guide are
largely not applicable.

I
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TABLE I (Cont'd)

o. (TITLE (% RATING OF APPLICABILITY REASONS FOR APPLICABILITY AND/OR IDENTIFI-

INTENT DETAILED CATIONS OF CHANGES REQUIRED (OR REASONS
PROVISIONS FOR NOT BEING APPLICABLE)

PRVI ION

J

1.26

1.27

1.281

1.29

1.30

1.31

1.32

1.331

Quality Control Classifications
& Standards (formerly Safety
Guide26)

Ultimate Heat Sink (formerly
Safety Guide 27)

Quality Assurance Program
Requirements (Design &.Con-
struction) (formerly Safety
Guide 28)

Seismic-Design Classification
(Revision 1, 8/73, of former
Safety Guide 29)

.Quality Assurance Requirements
for the Installation, Inspection,
.&Testing. of Instrumentation &

Electric Equipment (formerly
Safety Guide 30)

Control-of.Stainless Steel Weld-
ing-(Revision 1, 6/73, of former
Safety Guide 31)

Use of.IEEE Std 308-1971, "Criteria
for Class IE Electric Systems for
Nuclear Power Generation Stations"
(formerly Safety' Guide 32)

Quality Assurance Program Require-
ments (Operation) (formerly Safety
Guidd 33)

100%

100%

100%

100%

100%

100%

100%

100%

25%

100%

0.0

50%

0.0

100%

100%

0.0

The intent of this Guide is equally appli-
cable to the LMFBR plants.

The detailed provisions of this Guide are
basically 'not applicable to the CRBRP.

This will be addressed in the PSAR per
Section 3.2M2 of the SFAC.

The intent of this Guide is considered gen-
erally applicable.
Due to design differences, however, the de-
tailed provisions of this Guide are appli-
cable only where appropriate.

This Guide is mainly to concur on the
requirements as set forth in ANSI 145.2.11
(Draft No. 3.Rev. 1, July.1973). The
intent is applicable. For the detailed
provisions the CRBRP QA program will be
followed.
The basic intent of this Guide is equally
applicable to the CRBRP.
In their present Yersion,'the detailed
provisions described in this Guide are
not directly.applicable to the CRBrP.
This will be addressed in the PSAR per
Section 3.2.1 of SFAC.

The intent is applicable. For the detailed;
provisions, the CRBRP QA Program will be
followed.

Although this Guide was prepared for
application to LWRs, it is equally
applicable to the CRBRP.

The intent and provisions of this Guide
are equally applicable to the CRBRP, as
appropriate.

The intent of-this Guide is applicable.
For the detailed provisions, the CRBRP
QA Program will be followed.

0

0
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TABLE I (Cont'd)

1) No. TITLE % RATING OF APPLICABILITY REASONS FOR APPLICABILITY AND/OR IDENTIFI-
CATIONS OF-CHANGES REQUIRED (OR REASONS

INTENT DETAILED FOR NOT BEING APPLICABLE)
PROVISIONS

1.34

1.35

1.36

1.37

1.38

Control of Electroslag Weld
Properties (12/28/72)

Inservice Surveillance of Ungrouted
Tendons in Prestressed Concrete
Containment.Structures (2/5/73)

Nonmetallic Thermal Insulation for
Austenitic Stainless Steel
(2/23/73)

Quality Assurance Requirements for.
Cleaning of Fluid Systems and
Associated Components of Water-
Cooled Nuclear Power Plants
(3/16/73)

Quality Assurance Requirementslfor
Packaging, Shipping, Receiving,
Storage, & Handling of Items for
Water-Cooled Nuclear Power Plants
(3/16/73)

100%

0.0

100%

0.0

100%

100%

0.0

50%

.0.0

0.0

This Guide, describing an acceptable method
for assuring materials control & control of
special process related to fabricating
electroslag welds for nuclear components,
is equally applicable to the CRBRP.

Actual bse of this Guide, however, is
expected to be very limited, if any. One
possible use:is for the core support. It
is anticipated that "Up-John" or "Subvert"
will be the special process to be used on
the CRBRP.

(This Guide, relating to Prestressed
Concrete Containment, is not applicable
to the CRBRP.).

This Guide addresses .the.selection and
use of nonmetallic Thermal insulation
to minimize promotion of stress-corrosion
cracking in the stainless steel portions
of the reactor coolant boundary and
other systems important to safety. Parts of
the detailed provisions of the Guide are
applicable where appropriate to the CRBRP.

in the context of "on-site cleaning" as
intended by this Guide, the provisions

set forth in ANSI N45.2.1-1g73 which forms
the basis of this Guide are not expected
to be applicable to most of the liquid-
metal systems of this plant.

At this point in time, it is anticipated
that these fluid systems components will
be cleaned, prior to installation, in the
fabricator's shop.. This shop cleaning
may be water cleaning',-and the requirements
and control will be comparable to ANSI
N45.2.l-1973. On si~te pre-operation
cleaning, to which this Guide refers, if
any, will be minimal and will be done by
hand.

R•.,car. nf the ahovw rFonns, this Guide
is not rated.

The intent of this Guide is consistent with
Appendix B to lOCFR5O, "Quality Assurance
Criteria for Nuclear Power Plants and Fuel
Reprocessing Plants".

For the detailed provisions, the CRBRP
QA Program will be followed.
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TABLE I .(Cont'd)

No. TITLE IRATING OF. APPLICABILITY REASONS FOR APPLICABILITY AND/OR IDENTIFI-
CATIONS OF CHANGES REQUIRED (OR REASONS

INTENT DETAILED FOR NOT BEING APPLICABLE)
PROVISIONS

C)

* I

-I
* I

* I

1.39 Housekeeping Requirements for
• Water-Cooled Nuclear Power

Plants (3/16/73)

1.40 Qualification Tests of Continuous-
Duty Motors Installed Inside the
Containment of Water-Cooled Nuclear
Power Plants (3/16/73)

1.41. Preoperational Testing ofRedundant
• On-Site Electric Power Systems to

Verify Proper Load Group Assign-
ments (3/16/73)

1.42 Interim Licensing Policy on As Low
• As Practicable for Gaseous Radio-

iodine. Releases from Light-Water-
Cooled Nuclear Power Reactors
(6/73.)

1.43 :Control of Stainless Steel Weld
* . Cladding of Low-Alloy Steel

Components (5/73)

1.44 Control of the Use of Sensitized
Stainless Steel (5/73)

100% 0.0

100%

100%

50%

100%

0.0

25%

100%

0.0

100%

0.0

The intent of this Guide is consistent with
Appendix B to. 10 CFR 50..

For the detailed provisions, the CRBRP
QA proqram will be followed.

This Guide is intended mainly to concur
on the requirements set'forth in IEEE Std-
334-1971, subject to additional provisions.

The basic intent of the guide is generally
applicable. However, changes and supple-
ments to IEEE Std-334-.1971 appropriate to
LMFBRs.are needed in order to be applicable
to the CRBRP.

This Guide describes an acceptable method
of verifying the proper assignments of
redundant load groups to the-related on-site
power sources.

It is considered equally anolicable to the
CRBRP.

The detailed provisions, developed primarily
for LWR plants, do not apply to the CRBRP.

This Guide is related to selection and
control of welding processes used for clad-
ding ferritic steel components with
austenitic stainless steel.

It is equally applicable to the CRBRP. as
appropriate. 0
The intent of this Guide relates to control
of the application and processing of
stainless steel to avoid severe sensiti-
zation that could lead to stress corrosion.

" It was developed primarily for LWRs.

For theS.S. materials.to be used for the
primary system components in the CRBRP,
sensitization.will occur. On the other
hand, the high operating temperatures ,
limit the use of materials of low carbon
content.

The solution is therefore mainly to rely
upon control for cleanliness and protection
against contaminants.

1.1-38
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TABLE I (Cont'd)

No. TITLE % RATING OFAPPLICABILITY! REASONS FOR APPLICABILITY AND/OR IDENTIFI-1 CATIONS OF CHANGES REQUIRED (OR REASONSI INTENT DETAILED FOR NOT BEING APPLICABLE)

_ PROVISIONS.

1.45 Reactor Coolant Pressure Boundary
Leakage Detection System (5/73)

1.46 Protection Against Pipe Whip
Inside Containment (5/73)

1.47 Bypassed and Inoperable Status
Indication for Nuclear Power
Plant Safety Systems (5/73)

1.48 Design Limits and Loading Com-
binations for SeismlcCategor I
Fluid System Components (5/73)

1.49 Power Levels of Nuclear Power
Plants (Revision 1, 12/73)

1.50 Control of Preheat Temperature
for Welding of Low-Alloy Steel
(5/73)

50%

100%

100%

100%

100%

100%

0.0

0.0

100%

50%

100%

The basic intent of this Guide is considered
generally applicable, but the Guide was.
prepared to address the LWR coolant systems.

The detailed provisions of this Guide are
largely not applicable to an LMFBR plant.

The basic intent of. this Guide is considered
generally applicable.

The detailed provisions of this Guide,..
however, was developed primarily for LWR
plants.

This Guide is considered equally applicable
to CRBRP.

The basic intent of delineating acceptable
design limits and appropriate combinations
of loadings associated with normal opera-
tion, postulated accidents and specified
seismic events for the design of Seismic
Category I fluid .system components is
considered generally applicable to all
nuclear power plants.

The detailed provisions of this Guide were
developed primarily for LWR plants. They
need to be supplemented and/or modified
for direct application to the CRBRP.

This Guide is generally applicable.
(It should be noted that, due to the pro-
jected power levels of this plant, this
Guide has no impact on the.CRBRP.) .

1.51 4
Ms5 GhIude is cons idered awtii le to
S sectiom III, Class1 aq•enents. The

provisions of this Guide are considered
applicable to the CRBRP with the following
exception:

Regulatory Position C.2 requires:
that the preheat temperature for
production welds be maintained
until a postweld heat treatment

I has been performed. This will
be complied with whenever practic-
able or required by RDT E15-ptB-T,
unless the need and acceptability
of an alternate procedure has been
demonstrated.

(This Guide has been withdrawn by the NRC).Inservice Inspection of ASME
Code Class. 2 and 3 Nuclear Power
Plant Components (5/73)

25
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TABLE I (Cont'd)

No.. TITLE %.RATING OF APPLICABILITY REASONS.FOR APPLICABILITY AND/OR IDENTIFI-
"... CATIONS OF CHANGES REQUIRED (OR REASONS

INTENT DETAILED FOR NOT BEING APPLICABLE)
PROVISIONS

up.SystZ• Air.Filtration and
S .abso rptionUh~its of Light-
Water-Cooled-.Nuclear.PowerPlaiits..(6/73)"

1.53 Applicatifh of the Sihgle-Fai'lure
Criterion to Nuclear..Power Plant
Pro6tie,'t ion Syst , ms, (6/73).

1;54 Quality Assurance Requirements
for Pr6tecti'e 'C6atih~s Aýpli~d
to.Water-Cooled Nuclear Powir
Plants (6/73)

1.55 Concrete-PlaceIment in- ategGo-ryI
Structures (6/73)

1.56 Maintenance of Water Purity ih
Boiling Water Reactors (6/73)

1.57 uesign Limits.and Loading Combina-
tions for Metal Primary Reactor Con-

•tainment System Compohents.(6/73)

l.58 Qualification bf Nucleair Power
Plant Inspection. "E amiaton.h
&Testing Personnel..(8/73)

1.59 Design Basis Floods for Nuclear
Power Plants (B/73)

1.60 Design Response Spectra for
Seismic ,Design of NuclearPower.
Plants(Revi'sion.1, 12/73)

1.61 Damping.Values for Seismic Desidn
of Nuclear Power Plahts (10/73)

1.52 Manual Initiation of Protective
Actions .(10/73)

1.63 Electric Penetration Assimblies
in Containment Structures for
Water-Cooled Nuclear Power Plants
0(01m3)

1.64 Quality Assurance Program Require-
ments for the Design of Nuclear
Power Plants (1.0/73)

1OD%100%

100%

10.0

100%

60%0

100%10 0%

100%

100o01

100

100%

0.0

100%

0.0

0.0

0.0

100%

100%

100%

100%

100%

0.0

this Guide is considered applicable to
CRORP.

The intent of this Guide is considered
aPplicable For tue detailed provisions,
tne CRDRPP A Program will be followea.

This Guide is considered equally appli-
cable toany nuclear power plant.

(This Guide was developed for BWRs and is

not applicable to the CRBRP.)

This Guide was specifically prepared for
and.limited to those LWR plants of which
.the containment system comprises a metal
containment. that.is completely enclosed
within a Seismic Category IVstructure (e.g.)
a concrete shield building). It is, there-
fore, generally applicable to those plants

.Which use this particular type of contain-
ment system.

Due to containment selection, this Guide is

not rated as it is not applicable.

T Inter. of this G&idz concidered
ep~licable. For the detailed provisions,
t,)e kBvP QA Program will be followed.

This Guide is equally applicable to CRBRP,
as appropriate.

This Guide is, considered equally applicable
to CRBRP, as apropriate.

This Guide is equally applicable toCRBRP,
as appropriate.

This Guide describes an acceptable method
for complying with the requirements of
IEEE Std 279-1971 (Section 4.17). It is
considered equally applicable to the CRBRP.

This Guide concurs with IEEE Std 317-1972
and supplements it with four additional
provisions.

It is considered equally applicable to CRBR•
as appropriate:

Th3 Intent of this Guide :is considered
applicable. For the detailed provisions,
the CHBRP QA Program will be followed.

C)

:00%

100%

0
©31.1-40



TABLE I (Cont'd)

No. TITLE REASONS FOR APPLICABILITY AND/OR IDENTIFI-
CATIONS CF CHANGES REQUIRED'(OR REASONS
FOR NOT BEING APPLICABLE

1.65

1.66

1 .67

1.68

1.69

1.70

Materials & Inspection for
Reactor Vessel Closure Studs
(10173)

Nondestructive Examination of
Tubular Products (10/73)

Installation of Over-Pressure
Protection Devices (10/73)

Preoperational &.Initial Start-
up Test Programs for Water-
Cooled .Power Reactors (11/73)

Concrete.Radiation Shields for
Nuclear, Power. Plants (1/74)

100% 50%

This Guide was prepared primarily for LWRs.
Due to differences in loading characteristics,
it is considered essentlally not directly
applicable to the CRBRP.

This Guide was developed and intended pri-
marily for application to tubular products
used for ASME-I11 Code Class I components
on LWRs.

The corresponding CRBRP components will
be of austenitic steel. The state-of-the-
art of the UT examination, as specified by
the Guide, has not been capable of producing
meaningful results. The CRBRP., however,• is
anticipated to meet the requirements as set
forth in NB-2550 of ASME-I1I for the examina-
tion addressed by the Guide.

Code Case 1569, which forms the basis of this
Guide, has covered four categories. Only
the open systems, however, are treated in
detail. Closed discharge systems are essen-
tially left undefined.

According to the selected design of the CRBRP
at this time, the Guide is expected to'be
applicable only in the design of steam line
safety valves. The Guide is therefore considered
as pertially appllc'ble to the CRBRP in terms of
the detailed provisions..
This Guide was developed primarily for LWR
plants.
In order to properly cover theLMFBR plants,
the detailed provisions of this Guide need to
be supplemented and modified by taking into
consideration characteristics of LMFBR
plants.

Specifically, this includes modifications. of
and supplements to appropriate, items included
in Appendices A and C to this Guide.

This Guide is considered applicable to CRBRP.

11

100%

25%

100%

Standard Format and Content of
Safety Analysis Reports for

,.Nuclear Power Plants -
LMFBR Edition

(See Note 1.)

I
1.71 Welder Qualification for Limited

Accessibility Areas (1/74)

1.72

100%

0.0

100%

0.0

This Guide relates to control of welding
for nuclear components and is considered
generally applicable.

There will be no spray pond in the CRBRP. I iSpray Pond Plastic Piping
(1/74) - .

1.1-41 Amend. 1
July 1975.



TABLE I (Cont'd) 0
No. TITLE % RATING OF APPLICABILITY

INTENT 1 DETAILED
PROVISIONS

REASONS FOR APPLICABILITY AND/OR IDENTIFI-
CATIONS OF CHANGES REQJIRED (OR REASONS
FOR NOT BEING APPLICABLE)

1.73 Qualification"Tests of Electric
Valve Operators Installed Inside
the Containment of Nuclear Power
Plants (1/74)

74; Quality Assurance Terms and Defi-
nitions

1 75 physical Independence of Electric
Systems (I/75)

11.76 Design Basis Tornado for Nuclear
Power Plants

1.77 Assumptions Us'ed for Evaluating a
Control Rod Ejection Accident for
Pressurized Water Reactors

1.78: Assumptions for Evaluating the
Habitability of a Nuclear Power
Plaint Control Room.During a Pos-

1t ulated Hazardous;Chemical
Release .

g.79 Preoperational Testing of Emer-
gency Core Cooling Systems for
Pressurized Water Reactors

100%

100%

75%

0.0

This Guide is mainly based upon IEEE .Std.
382-1972 and is considered equally applicable
to any. nuclear power plant, where appropriate:
In order to be properly applicable to LMFBRs.
modifications and supplements to IEEE
Std. 382-1972 appropriate to LMFBRs are.
required.

The intent of this Guide is applicable.

100%. 75% This Guide is mainly intended to concur
with the requirements set forth in IEEE-38A
(1974), subject to 16 exceptions.

With regard to IEEE-384 Sections 5.1.1.1.
5.1.3, and 5.7 requirements, the CRBRP will
conform with IEEE - 384.

Regulatory Position C.l (on .IEEE-384, Section
3) is still beinq assessed.

Ii
100%

0.0

100%

0.0

100%

0.0

50%

This Guide describes design basis tornadoes.
for nuclear power plants, acceptable to the
Regulatory for three regions within the conti-
guous United States.

It is generaily applicable and is applicable
to the CRBRP aý appropriate.

This Guide was specifically prepared for PWR
plants in regard to acceptable analytical
methods and assumptions that:may be used in
evaluating the consequences of a rod ejection
accident'in uranium oxide fueled'cores.
It is not applicable to the CRBRP.

This Guide describes acceptable assumptions
and criteria to be used in the evaluation
of control room habitability during and after
a postulated hazardous.chemical release.
Requirements of the Guide are dependent upon
actual or projected presence of certain
specified chemicals within five miles of the
plant or in frequent transit within the same
distance..

Preliminary design of the CRBRP control room
habitability system has been assessed for a
hypothetical and most limiting radiological
consequence. Chemical toxicity will be
assessed.

This Guide was specifically prepared for PWR
plants in regard to acceptable preoperational
testing programs for ECCs.

It is not applicable to the CRBRP.
This Guide describes an acceptable preopera-
tional testing program for verifying the opera I
bility of safety-related instrument air system.!
On the CRBRP. except those portions penetra-
ting the containment and being considered as
parts and appurtenance thereof, safety-relatee
instrument ar system parts are yet to be
identified

©

I
.80

0.0

:Preoperational Testing of Instru-
ment Air Systems

Amend. 1 ..1)
July 1975 1.1-42



TA • .E - (Cont'd)

No.

•41

1.82

1.83

1.84

185

..1.86

1.87

1.88

1.89

1.90

1.91

1.92

TITLE

Shared Emergency and Shutdown
Electric Systems for Multi-Unit"
Nuclear Power Plants

Sumps for Emergency Core Cooling
and Containment Spray Systems.

Inservice Inipection of Pres-
urized Water Reactor Steam Gene-
rator Tubes

Code Case Acceptability ASME
Section III Design and Fabrication
(4/75)

Code Case Acceptability ASME
•Section I• 1Materials (4/75)

Termination of Operating Licenses
for Nuclear Reactors (6/74)

Construction Criteria for Class I
Components in Elevated Temperature
Reactors (Supplement to ASME
Section III Code Cases 1592, 1593,
1594, 1595 and 1596) (6/74)

Collection, Storage, and Mainte-
nance of Nuclear Power Plant
Quality Assurance Records (8/74)

Qualification of Class IE Equip-
ment for Nuclear Power Plants
(11/74)

Inservice Inspection of Pre-
stressed Concrete Containment
Structures with Grouted Tendons
(11/74)

Evaluation of Explosions
Postulated to Occur on Trans-
portation Routes Near the
Nuclear Power. Plant Sites
(1/75)

Combination of Modes and Spatial
Components in Seismic Response
Analysis (12/74)

0.0

0.0

0.0

100%

1 I0oZ

100%

100%

100%

INTENT

•RATING OF APPLICABILITY-'

DETAILED
PROVISIONS

0.0

0.0

0.0

0.0

.0.0

95%

100%

0.0

IOON

100%

REASONS FOR APPLICABILITY AND/OR IDNEITFI-
CATIONS OF CHANGES REQUIRED (OR REASONS
FOR NOT BEING APPLICABLE

This Guide addresses the USAEC's requirement
with regard to the sharing of onsite emer-
gency and shutdown electric systems for
.multi-unit nuclear power plants.
.It is not applicable to the CRBRP.

This Guide applies to PWRs only.

It is not applicable to the CRBRP.

This Guide applies only to PWRs.

It is not applicable to the CRBRP.

This Guide was prepared specifically for LWA
plants. A separate Guide.addressing LMFBR
plants appears to be desirable. -

Same as for Guide 1.84.

The intent of this Guide is equally appli-
cable to LWBR plants.

The detailed provisions of this Guide are
essentially fully applicable to LMFBRs.

This Guide, 1.87 (6/74,Rev.O) is
considered applicable to the CRBRP.
Detailed applications of this .Guide.
are discussed in Chapter 5.0 of
this PSAR.

The intent of this Guide is applicable.

For the detailed provisions, the CRBRP
QA program will be followed.

The intent of this Guide is equally appli-
cable to LFBR plants.

The detailed provisions of this Guide will
have to be expanded to include IMFRRs con-
siderations in the radiological source terms

The intent is applicable. The detailed
provisions my also apply to LMFBRs; but
it is not applicable to the CRBRP, due to

• 'design selection.

This Guide Is considered generally
applicable to all types of nuclear power
plants, as appropriate.

The intent and detailed provisions of this.
Guide are considered equally applicable to
all types of nuclear power plants.

It should be noted that detailed seismic
analysis procedures are provided in PSAR
Section 3.7 for the CRBRP.

100%

100%

I

)• 1.1-43
Amend. 41
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TABLE I,- (Cont'd)

TITLE • % RATING OF APPLICABIL IT.

:'. ... ._____ .. ___;" •_._,__ ti .REASONSFOR 7APPLICABILI.TY AND/OR JIDENTIFI-
• ". " • CATIONS .OF CHANGES REQUIRED"(OR REASONS

INTENT :DETAILED,. FOR.NOT:BEINGAPPLICABLE- " .... ... .. 'PROVISIONS : " "

93

J

Availabi Vityof.Electric Power.
Sources (12/.74)

Quality Assurance Requirements
for InstallationInspection, andl
Testing of Structural Concrete,
"and'Structural' Steel'During the.
Construction Phase of;Nu'clear
Power Plants'(.4175)

Protection of Nuclear Powel Planti
Control RoomOperators Aqainst.
an Accidental Chlorine Releas."'(2/75) ... ... "'"

:,,<Design-of Main.Steam Isolatio.;
.;ValveLeakage Control' Systems
for Boiling-Water Reactor
Nuclear Powe, Plants (f17•.'"

9.951

95

1 00%f

1 OOT

0.0

0.0

I 00

0.0

The intent :of 'this Guide :isi considered
qeneralvy 'appl icable'except for the
'reference •to LOCA, 'which is not
aoplicable to :CRBRP.

The :System •proposed for 'the CRBRP has
;%higher redundancy than the.one-assumed

.and used as thet.asts in the-'Guide. In
:addition. 'the cons-quences of -electric
power '-ailures -are Jifferent from those -,f
,LURs- T-he detailed:provisions-'of this
SGuide, and its applicability .to ',CRBRP-, are

currently.being evaluated.
T
he intent of this :Guide is generally

aoplicable

cor the detai'ed provisions. the 'CRBRP.

OA Pr~n.a.',will biefollowed.

rh - Guide is.considered generally
tupl icable. as. appropriate.

Guide. intended for BMRs only, is
,nt an"'.--b.e to the CRBRP.)

1

Note (1):

At this reviews the Commission has issued 34 Guides in the 1.70.XX series.
Additional guides in this series are still being issued. These Guides,
so.far issued, have been prepared primarily for the LWR Edition of the
SFAC.. Applicabilities of these Guides to the LMFBR Edition of the SFAC
are being assessed. The applicant will-report on the evaluation at a
proper stage in a later amendment.

Amend. 1
July 1975 1.1-44.
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) 1.2 GENERAL .PLANT DESCRIPTION

The Clfinch River Breeder Reactor PlantisI.a liquid sodium cooled
fast breeder rý"ea-cctor nuclear power-plant. The major systems of the:planta:r eO- the Reactor, H eat T ran port 'and r.eli1ated systems, Steam:Generator and

. related systems,T- urbine/Generoator. and J related 'systems, Fuel Handling
System, .Power.."Trahnsmissi~on .and Plant Electrical System, Auxiliary, Systems,
and Instrumentation and Control system. The majorplant. operational
parameters are gilven below.

Thermal Output 9.75 MW (rated)

Ele ctrical Ou"0tput 380MW Gross .(rated)
350:MW Net

Steam Production 3.34 x iO6 lbs.- hr.

Steam Temperature at Turbine 900°F
Steam Pressure at Turbine 1450 psi

06: 1 bs.
Total Primary Coolant Flow Rate 41.5 x 1 h0 .hr.
Breeding Ratio (initial cycle) 1.29

(equilibrium core) 1.24

Average Burnup (initial core) 50,000 MWD/T
.(future core) 80,000 MWD/T

51 The thermal hydraulic design parameters for.the plant are
based on a thermal power rating of 975 MW. The recommended design
margins create a possibility that the plant may attain a rated thermal
power of 1121 MWt without exceeding the system design basis values.
Accordingly, structural analysis for all non-replaceable systems is
based on the 1121 MWt rating. The plant will initially be licensed
for 975 MWt.

1.2.1 Site

The Clinch River site is on a peninsula bounded on the .south
by the Clinch *Rivedr and on the north by the AEC Oak Ridge Reservation
and.withinin theci.ty limi ts of. Oak..Ri dge, Tennessee, The 1364 acre site
is owned by the United States Government andisi.n. the custody of theTennessee Valley Authority. The site is .12 miles southwest of downtown
Oak Ridge ..and..: 25 miles west:...of Knoxvi.lle, Tennessee.. The grund-olevel -on
which .the :CRBRP:1 will be situated is 815 feet above sea level, 74 feetabove the meean Clinch River water level of41 feet. Figure 1.2-1 is an
artist conception of the plant location.

Amend. 51
Sept. 1979
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The Reactor Confinement/Containment Buildings are centrally located in a

complex of major plant builldings. The complex is enclosed by a paved road.
The cooling tower and circulating water pumphouse are located approximately
700 feet east ofthe reactor-building. The power transmission. facilities are
located approximately 900.0eet northeast of the reactor building. The
riverwater pumphouse is on the.Cllnch River. northeast of the plant complex.
Highway and railroad access willbe from the North.

1.2.2 Engineered Safety Features

The CRBRP design includes engineered safety features that are provided to
mitigate the consequences of :postulated accidents. These features are
discussed In Chapter 6.0. • Examplesof such features .are: Containment!
Confinement Systems, Reactor Guard Vessel, Guard Vessels for Primary Heat
Transport System major components, Steam Generator Auxiliary Heat Removal
System (SGAHRS) and Habiftabili.ty Systems;.

1 .2.3 Reactor. Heat Transport and Related Systems

A. system of three identically configured piped circuits transport heat from
the reactor, through primary and Intermediate sodium loops, to steam generator

modules whiCh. produce zsteam for; the turbine. The three loops are -independent
wiVth only:the.Primary Heat Transport.System (PHTS) hav ing common flow paths
through the reactor (See FigUre 1.2-2). The PHTS removes the heat generated

In the fuel: assembl i-es, blanket assemblies, controltrod assembl ies, and
structuralelfeiments.. E~ach -of the three independent Intermediateý Heatl
Transport Systems (IHTS) recei:ve heat from the PHTS through an Intermediate•%d

Heat Exchanger. The IHTS transfers heat outside containment with 0
non-radioactive sodium. The Intermediate Heat Exchanger acts as a barrier for
the transfer of radioactive materials between the PHTS and IHTS. The IHTS is
maintained at higher pressure than the PHTS to Inhibit leakage from the
radioactive PHTS into the non-radioactive IHTS. Each primary loop contains a
hot leg pump, an Intermedlate heat exchanger, a cold leg check valve and

interconnecting piping between the above-mentioned components and the reactor
vessel inlet and outlet nozzles. Each intermediate loop has a cold leg pump,
Intermediate sodium expansion tank and interconnecting piplng to transport the
sodium from the tube side of the IHX to the superheater Inlet and from the
evaporator outlets back to the IHX tube side Inlet (Reference Chapter 5 for
details of the Heat Transport System).

The Primary Heat Transport System (PHTS) piping and components are located In

cells within the containment building. The components and piping for each
loop are located'within three vaults (cells) in the containment building: (1)

an HTS cell which contains all of the major loop components; (2) an IHTS
pipeway; and (3) thev*reactor cavity which houses the reactor vessel and the
associated primary loop piping. The cells are separated from each other by

0

1.2-2
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concrete shierdlIng walls and are inerted with nitrogen whIch. -is circulated for
cooling. Those parts of the PHTS equipment which come In contact. with sodium
are located In a nitrogen atmosphere below the level of the containment
building operat'ing floor. Each HTS cell has a separate atmosphere and the
reactor cav'ity and the HTS pipeways have a common atmosphere. The pump drive.
systems (motors, speed controllers, and heating and seal assemblies) are
located in'an air environment above the operating floor. Separation of the
equipment cells provides the capability of deinerting indi.vidual Vaults for
Independent access for maintenance or inspections.

The reactor has 156 fuel assemblies, 82 inner blanket assemblies, 126 radial
blanket:assemblies and 15 control assemblies (9. primary assemblies and:6
secondary assemblies). The reactor fuel assemblies are about 14 feet long,
with an active core height of 36 inches, upper and lower axial blankets.of 14
Inches each, and a. fIssion gas plenum of 48 Inches. Each fuel assembly
contains 217 stainless steel clad fuel pips. Each blanket assembly contains
61 stainless steel clad fuel pins. The fuel in the active core is mixed
oxidesof plutonium and uranium (PuOT, U02 ) The blanket'rods are116.,5. Inches
long with 64 Inches of depleted uranum , oxide pellets and a 48 in ch :long
plenum. The control, rod absorber material- Is enriched boron carbide (B4c).
Each primary control. assembly contains 37 absorber pins and each secondary
assembly contains 31 pins. The core Is designed for annual refueling-. The
coolant flow is upwards through the:core. The free sodium surface In. the
upper plenum Is covered by argon.

The reactor :is located In a stainless steel reactor vessel of nominal -insIde
diameter 2013.,, and 5818'' high fromwthe bottom of the vessel to the top:of the
support ring. The vessel Is provided with a closure head designed to
accommodate through-the-head refueling (See Figure 1.2-3). The reactor
vessel, IHX, and primary sodium pumps are enclosed by free-standing,
structurally independent guard vessels. Chapter 4 of this PSAR provides a
thorough description of the reactor.

1.2.4 Steam Generator - Turbine and Related Systems

The Steam Generator System provides independent steam generation capability
for each of the three reactor heat transport loops. Steam, combined from all
three loops, supplies the single turbine-generator. The Steam Generator
System Is of a modular forced recirculation configuration. The recirculation
ratio is 2 to 1. Each of the three independent loops consists of the
following:

Steam Generator Evaporator/Superheater Modules
Feedwater System
Sodium-Water Reaction Pressure Relief System

1.2-3
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Water Isolation and"Dump System
Leak Detect:ion System

The steam generator evaporator/superheater is of the shell and tube type.
Sodium flow Is on the shell side, counter-rflow to the water/steam flow on the
tube side.

The Feedwater System supplies feedwater to the steam drum where it mixes with
and subcools the saturated water from the evaporators. The subcooled water
flows through the tube side of the two evaporators where it is partially
vaporized by the higher temperature sodium flowlng on the shell side. The
steam/water mixture then •flows to the steam •drum where the steam is separated
and the water continues to recircu~late. Entrained moisture in the steam Is
removed by dryers and separators, Internal torthe drum. The dry saturated
steam Is superheated, tothe desired-temperature, in the tube side of the
superheaters. The superheated steam flows-to main steam headers and then to
the turbine.,

The Sodium-Water Reactor Pressure Relief System Is a passive system which.only
becomes operational in the event of a steam tube leak within an evaporator or
superheater module large enough to cause a rapid pressure rise due to the
sodlum/water reaction. In the event of a large sodium-water reactIon, the
system profects the. sodium side of the evapor-ator and superheater modules,1 the.
IHTS and the IHX from over-pressure by the use of rupture discs on .the pilping
adjacent to the modules. Sodium and/or sodium/water reaction products
expelled-through the rupture discs are directed by the Sodlum-Water Reaction
Relief System piping to a separation tank where gross separation of liquid,
solid and gaseous products takes place. Gaseous reaction products (primarily
hydrogen) then flow through a centrifugal separator where additional
separation takes place. The gaseous reaction products are then vented via a
flare stack to the atmosphere. The flare stack burns any hydrogen that may be
present in the gas.

In order to reduce the amount of water which may be admitted to the IHTS in
the event of a large sodium/water reaction in an evaporator module, blowdown
of the evaporator modules through power relief/safety valves Is accelerated by
the Water Dump System. Quick opening water dump valves are located at the
inlet to each evaporator module. Water dump piping directs the water/steamto
a water dump tank.

In addition to the above, in the event of a large sodium/water reaction,
sodium dump capability Is provided for the Intermediate Heat Transport System
(IHTS) and the sodium slde of the Steam Generator System. The sodium can be
drained rapidly to a sodium dump tank.

The Steam Generator Leak Detection System monitors: (1) sodium exiting from
each evaporator and superheater.

~0
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Monitoring is by hydrogen and oxygen meters which provide a measure of the
hydrogen, and oxygen concentration levels in the sodium. In the event of a
water-to-sodium leak, changes in the hydrQgen and oxygen concentration levels
.are detected.. and. off-normal condIt ions are annunciated.

The S-feamGenerator. Auxil .lary Heat Removal System,;(SGAHRS)Y removes-reactor-
generated heat .followi ng, reactor shutdown.- or tri.p when the main..NSSS heat sink
or normal• feedwater supply. Is unavailable. The heat is initially rejected to
the environment .through a direct steam dump and by condenser :tubes heatlng
atmospheric air for long term heat removal. The SGAHRS can also function to
remove shutdown heat loads for refueling and other long term outages.

A Direct Heat Removal Service (DHRS) is also provided-to remove decay heat.
In the remote event that the steam generator ,decay heat removal ,pjaths are. not .
aval. I able,, the reactor.decay heat will bedumped through thee. reactor ,overf low
system to-an overflow heat ,exchanger. From the heat exchanger the.heat.,flows
through the ex-vessel storage tank (EVST) NaK system to air blast heat..
exchangers where the .heat is transferred to the atmosphere. (See Section 5,.6..2
for detaIso-,pf the DHRS).

1.2.5 Offsite-.and Onsite Power.

The. f-fs ite i-Pow, er Systems de lI v ver:, the .power ,to and-..f or. mthe Steand include
transformers,1.;sw itchgear, structures, overhead, and: underground condu it. .
I nc I uded are. dev Ices by: wh Ich the ma in generator is connected, or iso I ated f rom
the TVAd.:di.stributin gr Ld. In 'add i.tjion,,th.,.is system ,poLdes- the..,un it sttat:ion
service transformers, rese.re transformers, and ,relatd primar.-y' s""iide
switchgear..through which the station auxt.I I ary loads are suppli ed. ,pow er." from
the power, gr I d.

The Systems. distribute and. control. the electri.cal energyf or .the -site. The
systems Interface with the Offsite Power System at the secondary term naIls of
the unit station service. and reserve transformers. The Onsite Power Systems
provide the. fol.lowing: functi.ons:

a. Receive power from the offsite, power.suppl!ies ..and traansforms. thqe
voltage to the utilization. levejls of the Nuciear Island,. bui:ld.ing,
lighting and site. service Iloads;..

b. Proy1de diesel generatorsfor.standby power; and.bateries and

" invertors. for vital AC and DC power;

c. ProviIde ,cable, conduit, raceway, and shlelded.penetration systems for
Interconnecting .wiring for electrical power and control,
Instrumentation, l ighting and communication;

1..2-5
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d.. Provide control and interlocking operations when...
these functions are not provided:by other systemsý.

The Offsite and Onsite Power Systems are discussed in detail
in Chapter 8.

1.2.6 Instrumentation, Control and Protection

The plant control system integrates-the Various plant
instrumentation'and control systems into a coordinated, centralized
control room and local control stations (as-applicable):,for."the purpose
of providing safe, effective and economic plant:operation. The-system...
also provides the control and instrumentation circuits and devices required
to provide overall plant control which automatically maintains.essentially
constant steamtemperature and pressure at the-turbine inlet over'the 40
to 100 percentIload range of-operation. The plant control system. i.s
.designed:.to provide load.follow capabi.lity: as required in practical"
uti1li ty. ope ration; that is, maintai:nilng.Dlant-parameters, within schedu.l ed
variations suchý that r.near constanttemperatre .*and pressure are ma intained
at ;the'6turbine, inlet anid, rates-"of -temperature .change" are' minimized rin.
system- cmponents during both plant steady-state and loa'd.-change:per~iods.
Refer to Chapter 7 for complete description of these systems. "

S .This system interfaces with.the reactor and heat:transport.system
through their instrumentation sy.stems.. Thus*:the plant control.System
utilizessignal inputs and control equipment provided by the reactor
system, the heat transport system, the reactor and vessel instrumentation
systems, fuel failure monitoring system, flux monitoring system, radiation
monitoring system as well as the building electrical power system, power
transmission system, auxiliary power system,-steam turbine system, and
data handling and display system.

The Plant Protection System (PPS) assures that the results of
postulated plant fault conditions do not exceed the specified.limits for
the fuel or release of radioactivity by' initiating reactor trip, sodium
pump trip, turbine generator trip, containment isolation, or decay heat
removal. The PPS includes the shutdown system, containment isolation
system and interfaces with the shutdown heat removal system. The PPS.does
not require the reactor operator or control system to implement a protective
action.

The shutdown system consists of two independent diverse systems,
either of which is capable of reactor shutdown. The primary shutdown
system is configured using a local coincidence logic arrangement while

Amend. 64 0
Jan. 1982
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the secondary shutdown system is arranged using a general coincidence
logic. These logics are. described in Section 7.2.1. Primary and
secondary systems are electrically and mechanically isolated.. Sufficient
redundancy is.included Within each system to assure that single random
failures will not. degrade protection byleither system.

1.2.7 Auxiliary Systems

The Auxiliary Liquid Metal System provides the facilities for
receipt, storage and purification of all liquid metal used'in the CRBRP.
It also provides the capability for controlling reactor sodium level
variations, accommodates primary sodium volumetric changes, provides
cooling for the core components stored in the Ex-Vessel Storage Tank
(EVST),and"by means of the Direct Heat Removal Service (DHRS) :ives a
means of long-term reactor decay heat removal that is independent-of the

26 intermediate heat transport system and steam generator system loops.

The Compressed Gas System processes ambient air to provide
compressed dry air for pneumatic instruments, maintenance systems,
unloading devices, tooling, and miscellaneous cleaning and inspection,
services. This system provides for sodium removal systems and as required
for plant usage.

The Recirculating Gas Cooling System provides cooling service.
to celIs and equipment located in the Reactor Containment Building and.

.the Reactor Service Building.

15 The Chilled Water Systems provide heat removal
capability from certain equipment and areas in the Reactor Containment
Building and the Reactor Service Building.

The Inert Gas Receiving and Processing System (IGRPS) provides
inert gases as required by other systems of the CRBRP, including cover gas,
cell inerting atmosphere, valve actuation gas in inerted cells, cooling

591 gas, gas for certain seals, for componento cleaning and other services, and vacuum for out-gassing and gas-collection
purposes. In addition, the IGRP System provides for the control of reactor
cover gas radioactivity and for the processing of gases to be released
from the system to remove their contained'radioactivity.

The Impurity Monitoring and Analysis System provides for the
sampling, monitoring, and analysis of the sodium, NaK, and argon cover gas
systems in the plant, and acceptance sampling and analysis of incoming

56 sodium, NaK, argon, and nitrogen.

The Treated Water System includes the domestic (potable) water
.system, the closed cooling water system, water (makeup) treatment system
and the cooling water makeup system.

The River Water Service System handles and treats river water
for the plant. The system.includes the river water pumps and piping,
intake filtration equipment and the plant service water system.

Amend. 59
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The Heat Rejection System provides the heat slink using the main cool] Ung tower
for waste heat loads from the turbine condensers, and from the varlous plant.
auxillary and. service systems such as sodlum pump oil coolers,,alr conditions,

44 alr compressors, pump coolers and the turbine:oil coolers. The Emergency Plant
Service Water System emergency cooling tower structure provides the heat sink
for the safety related components listed In Table 9.973. Details of the

33 auxiliary system are given In Chapter 9.

1.2.8 Refuelling. System.

The Reactor Core isdesigned to be refueled annually. Under equilibrium
conditions, all fuel and Inner blanket assemblies are replaced as a batch every

1 two years, wlth aplanned mld-term Interchange of"6 Inner blanket assemblies
411201 for 6 fresh fuel assemblies designed to add sufficient excess reactivity to the

system to 'complete the (550 fpd)'burnup.ý The radial blanket assemblies In the
first and second rows are replaced as a batch at 4 and 5 year Intervals,

591 respectively.

The In-Vessel Handling Subsystem (iVHS) provides for the transfer of core
44 assemblies:in the reactor vessel, between their normal. positions In the reactor

411 core and the'storage positions outside the core accessible by the Ex-Vessel
Transfer Machine. The major equipment comprising the IVHS are the In-Vessel
Transfer Machine (IVTM), Auxiliary Handling Machine (AHM), AHM Floor Valves
(FV), IVTM Port Adaptors, and associated malntenance and storage facilities and
equipment. The IVTM I.s Installed in the small• rotating plug in the reactor

441 head after reactor shutdown. The machine raises or lowers core assemblies by
means of a grapple. Translation to a new position is by rotation of the

44 Ireactor head rotatable plugs. The AHM Is used to Install.and remove the
control rod drivelines, port plugs, and in-vessel section of the IVTM In the
reactor. The port adaptors and floor valves provide a means for closure of the

611 |reactor and storage ports during the. transfer of refueling equipment In
5 preparation for refueling operation.

The Ex-Vessel Handling Subsystem (EVHS) provides for the transfer of core
|assemblies between the reactor, the Ex-Vessel Storage Tank (EVST), and the Fuel

41 4 Handling Cell (FHC) located In the Reactor Service Building (RSB). The system
conslsts of the Ex-Vessel Transfer Machine (EVTM) mounted on a Gantry-Trolley

41 (G-T), EVTM Floor Valves (FV), Core Component Pots (CCP), port plugs and
adaptors, and associated maintenance and storage equipment and facilities..

54 The Ex-Vessel Storage Subsystem (EVSS) consists of the Ex-Vessel Storage Tank
(EVST). The EVST Is a sodium-filled tank used to store and cool spent fuel

44 prior to shipment offslte, and preheat new core assemblies. The capacity of
411 the EVST Is about 650 assemblies.

411 4.
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44

441

591

The Conditioning and Service Subsystem (CSS) and Receiving and
Shipping Subsystem (RSS) consist primarily of the facilities necessary to un-
load, inspect and prepare the new core assemblies prior to loading in the
EVST; and to handle, inspect and load the spent core assemblies in shipping
casks for shipment off-site. The facilities include a Fuel Handling Cell
(FHC) which is a shielded inerted hot cell. The major equipment consists of
cask handling and transporting machinery.

Amend. 59
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The Refueling System is discussed in detail in Section 9.1.

1.2.9 Radwaste Disposal System

The Radwaste Disposal System (RWDS) provides all equipment
necessary to collect, process, store, monitor and dispose of liquid
and solid radioactive waste. The RWDS consists of two subsystems, the
Liquid Radwaste. System (LRS) and the Solid Radwaste System (SRS). (Radio-
active gases are processed by the Inert Gas Receiving and Processing
System as discussed in Section 1.2.7).

The LRS consists of two liquid waste concentration and distil-
lation flow processes. One system is designed-for processing intermediate
activity level liquid containing tritium; the other is designed for
processing low activity level liquid with little or no tritium. The
design is such that evaporators are used to decontaminate the input
streams for either level liquid waste system. The intermediate activity
level liquids may consist of water or neutralized acids from the Large
Component Cleaning Cell. The liquids are processed in separate batches
following the infrequent maintenance operations.

The SRS collects dry compactible waste, disposable solid waste
... such as fil~ters, scrap metal and support tools, and solid waste containing

induced radioactivity. In addition, solid materials contaminated with
fission and corrosion products and radioactive sodium are collected.
The solid waste process system provides a solidification station for
liquid waste, a compacting station for dry compactible waste, a storage
area, and loadout station. Unusually high activity liquids or solid
components will be transferred to DOT licensed shipping containers
available from commercial firms licensed by the NRC for transport and for

41' transfer to NRC licensed processing or burial sites. Solid components.
contaminated with radioactive sodium and surface deposited activity will
be treated and shipped to special processing centers for disposal. This
is discussed in detail in Chapter 11.

1.2.10 Reactor Confinement/Containment System

The Reactor Confinement/Containment System provides a protective boun-
18 dary between the plant and the surrounding environment in the event of a

serious radioactive release. The containment consists of a steel pressure
vessel with inner and outer concrete shields below the operating floor.
The free standing steel vessel is cylindrical in shape with an ellipsoidal
spherical top and flat bottom. The cylindrical steel vessel is approximately
1.5 inches thick, 186 feet inner diameter with the ellipsoidal spherical top 158.3
feet above the operatinn floor. The containment houses the reactor vessel

"32 and the primary heat transport system components, including the

Amend. 41
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intermediate heat exchanger, primary pumps, primary piping, sodium over-
flow tank, portions of the compartment inerting and primary cover gas
systems, one primary sodium storage tank, and some of the fuel handling

| 391 equipment. (Reference Figures 1.2-4 through 1.2-20).
The building provides space and facilities necessary for the cleaning of
sodium wetted equipment housed within the containment structure. The
cell structure arrangement provides shielding for protection of equipment
and personnel, prevents damage to adjacent equipment,.and facilitates
maintenance activities, fire-fighting.and cleanup. The containment system
provides protection from natural phenomena, including seismic events, for
systems required for safe operation and shutdown of the reactor, and
provides isolation of redundant systems required for safe operation and
shutdown of the reactor.

The Reactor Containment Building will have a maximum leakage
rate of 0.1% volume per day at an internal pressure of 10 psig, whereas
the maximum calculated internal pressure under any condition is approximately
2 psig.

The Reactor Containment Building is surrounded by a low Teakage con-
cdrete confinement structure, with an annulus space separating the two struc-
tures. The annular space between the containment and confinement is main-
tained at a negative pressure relative to atmospheric pressure during normal
operation and.exhausted through high efficiency filters should an accident
.occur. The Concrete confinement will be designed to meet tornado missile and
SeismicCategory 1 Criteria. A discussion of the Reactor Confinement/Contain- *
mplnt is provided in Section 6.2. W

18A
1.2.11 Major Structures

The major buildings of the CRBRP are the Reactor Confinement/Containment
18 Building. Reactor Service Building, Steam Generator Building, Control

Building and Diesel Generator Building. These buildings are discussed
in detail in Section 6.1 and 3.A. The general layout of-these buildings

391 is shown in Figure 1.2- 4.
18 a. Reactor Confinement/Containment, Building-

This building houses the reactor and
primary heat transport system and is
discussed in the previous section.

b. Reactor Service Building (RSB) -
This building is designed to house
portions of several auxiliary systems,

39.1 reactor refueling system, and
maintenance systems associated with
operation of the Nuclear Island(Reference

39 •Figures 1.2-21 through 1.2-38).
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c. Steam Generator Building (SGB) -

This building houses the major components
for the Steam Generator System, the
Intermediate Heat Transport System, the
Auxiliary Heat Removal System, the Sodium-
Water Reaction Pressure Relief System, and
primary sodium storage. (Reference Figures
1.2-39 through 1.2-59).

d. Control Building -

This building houses the main control
room which contains both Nuclear Steam
Supply System and the BOP controls,
the life supporting heating and
ventilating systems for the main control
room, the cable spreading room,
AC/DC bus room, control rod drive and the
motor generator sets for the mechanism
switchgear primary and intermediate pumps

33 speed control and the NSS switchgear.
(Reference Figures 1.2-60 through 1.2-65)

e. Diesel Generator Building -

This building houses safety related
emergency electrical supply equipment
to assure safe shutdown of the plant
in the event of the loss of external
power, and the Emergency Plant Service
Water System equipment to assure safe
shutdown and the maintenance of the
safe shutdown condition in the event of
loss of the Normal Plant Service Water

3393.91 System. (Reference Figures 1.2-66 through 1.2-72)

In addition to the above major buildings, the Radwaste Building
(Reference Figures 1.2-73 through 1.2-81) and other balance of plant

5' buildings are supplied. These include the Turbine Generator Building

151 . (Reference Figures 1.2-82 through 1.2-89), the Circulation Water Pumphouse,
the River Water Pumphouse, the Plant Service Building (Reference Figure 1.2-90),
the Gatehouse, and the Maintenance Shop and Warehouse Building (Reference

41 5 Figures 1.2-91 and 92).
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33 391I

c. Steam Generator Building (SGB)-
This building houses the major components
for the Steam Generator System, the*Inter-,
mediate Heat Transport System, the Auxiliary
Heat Removal System, the Sodium-Water
Reaction Pressure Relief System, and
primary sodium storaqe (reference Figures
1.2-48 through 1.2-69).

d. Control Building -

This building houses the main control
room which contains both Nuclear Steam
Supply System and the BOP controls, the life
supporting heatihg and ventilating systems
for the main control room, the cable spreading
room, AC/DC bus room, control rod drive and
the motor.generator sets for the mechanism.
switchgear, primary and intermediate pumps
speed control and the NSS switchgear
(reference Figures 1.2-70 through 1.2-75).

e. Diesel Generator Building -

This building houses safety related
emergency electrical supply equipment
to assure safe shutdown of the plant
in the event of the loss of external
power. The-building also houses breakers
for the PHTS and IHTS sodium pumps, the
motor generators for loop #3 PHTS and IHTS
sodium pumps, and the 13.8KV and 4.16KV
switchgear (reference Figures 1.2-76
through 1.2-80).

47I

471 45 33 391

47 4
..15.

15

In addition to the above major buildings, the Radwaste
Area (reference Figures 1.2-39 through 1.2-47) and other Balance
of Plant buildings are supplied. These include the Turbine
Generator Building (reference Figures 1.2-81 through 1.2-88), the
Circulation Water Pumphouse, the Switchyard Relay House, the
River-Water Pumphouse, the Plant Service Building (reference Figure
1.2-90), the Gatehouse, and the Maintenance Shop and Warehouse
Building (reference Figures 1.2-91 and 1.2-92).
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Figure 1.2-1. Artist's Conception of The Clinch River Breeder Reactor Plant
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1.3 COMPARISON TABLES

1.3.1 Comparisons with Similar Designs

Table 1.3-1 serves.to provide a basis for comparison of selected
safety: features among .large fast ,reactors of the world..

..The following fast reactors have been included because they are
comparable in size to the CRBRP.-

Reactor Country Date Critical,

36 FFTF, U. S. A. I979_r

SNR 300 Germany 1979
PHENIX Franceý August 1973
iPFR • United Kingdopm 'March:1974
MONJU Japan 1979
BN 350 U.S.S..R. 1972

2 Amend. 36
1.3-1 March 1977
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1.3.2 Detailed Comparison with, Fast. Flux Test' Facility,

This subsection tabulates the principal similarities and
differences.between .the 975-.Mw thermal.Clinch River.Breeder Reactor
Plant and the 400 Mw thermal Fast. Flux Test Facility.

Table 1.3 -2 compares the principal features of the reactor and
associated systems, engineered safety features, and auxiliary systems
of each plant.

Table 1.3-3 compares design'data for: (1) reactor core.,
S2) reactor engineering parameters, (3) reactor physics .- initial core,.
4) heat transport system, .(5) fuel, (6) reactor'vessel and enclosure,

(7) control rod systems:, (8) residual heat removal systems, (9) plant
protection system, (10) containment, (11) auxiliary electric power supply,
(12) radwaste systems.

" Because FFTF is a test reactor
there are many fundamental differences
do not lend themselves to comparison.
covered by these tables.

and does not generate electricity,
between the CRBRP andFFTF which
These differences will not be

C'
K~9
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TABLE 1.3-1

COMPARISON OF THE CRBRP WITH SIMILAR FAST REACTORS

"" ICRBRP .FFTF SNR 300 PHENIX RFR MONJU BN 350

Thermal Output ' 975 MW 400 Mw . 736 Mw 563 Mw 559 Mw 714 Mw 1000 Mw

Net Electrical - .0 1 . . . .. Mw 150 Mw + 120,O000 tons

Output 350 Mw 0 282 Mw 233 Mw 248 Mw 248 Mw fresh water per day

Pot/Loop Loop Loop Loop Pot Pot Loop . Loop

Number Primary 5 operational
Loops - 3 . 3 3 3 .3 3 l.-Standby
Doppler Equilibrium Core - Equilibrium Core . .. 00038 Tdk/dT -0.0032 Tdk/dT * -0.0061 Tdk/dT -. 0035 .Tdk/dT

Coefficient: :.EOL EOL
• -7.008 .tdk/dT. fuel and blankets ..-- 0;0055 Tdk/dT
-0.0024 Tdk/dT. Fuelonly,. core

Containment .onflnement/Contailent. Single containment.. Double"containment. Singlei containment. Single containment. Double containment No containment build-
Concept A Concrete confinement • Steel cylindrical' •Inner containment - 0 Cncrete,-rectangu- Rectangular steel configuration. ing.ý Reliance on

with an annulus air pressure vessel each radioactive lar. controlled frame building with Inner containment fuel element, reactor
with hemi- system is con- leakage building. concrete panel sid- All radioactive vessel and plug.

space surrounding a ellipsoidal top tained in a con- Building is 85 ft. ing, sealed with elements except Secondary contain-
Steel cylindrical pres- and bottom heads. crete vault with a by 138 ft. x poly-sulphide. spent fuel are ment around reactor
sure vessel with hemis- 135 ft. dia. steel liner on the 115 ft. high. Con- Design leak rate of contained in steel vessel and piping.
'pherical dome and flat 187 ft. top to inside. Vaults are crete walls. 10 in. 50% per day at lined nitrogen Reactorand plug,
bottom. 186 ft. dia. bottom. Steel nitrogen inerted. thick. Steel rein- +0,145 psig. filled concrete IHXand pumps are
160 ft. bottom to spring- shell is 1-3/8 in. Outer containment - forced concrete vaults. Outer in sealed steelllne. Steel, shell is thick. Concrete all primary vaults roof. Operated at containment is a lined, inert gasline, shielding below are contained in a a pressure of steel cylinder filled cells.
approx. 1-1/2 in. thick. grade. Leak rate rectangular con- -0.0725 psig. Can with a hemi-
Concrete shielding below at design pressure crete building withstand pressure spherical dome on
grade. Leak rate of of 10 psig is 0.1% with steel liner on of +0.57 psig with. top,.155 ft. dia.
steel containment at vol. per day. outside. A closed a negligible leak Concrete cylinder
design pressure of 10 loop ventilated gap . rate. surrounds entire
psigis0.1% vol. per ... between the two is . " containment.annVlu p maintained at Design pressure is'day. The annulus is -0.15 psig.. Allows 4 psig.

maintained at a negative 0 radioactive
pressure during normal release in immedi-
operation and exhausted ate'post-accident
through filters in the time period.
event of an accident. ••Design pressure is .

4 psig.
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TABLE 1.3-1 (Cont.)

COMPARISON OF THE CRBRP WITH SIMILAR FAST REACTOR

Shutdown

Heat
Removal.
Scheme.

Shutdown and
ýontrol
;ystems

I D

I =~

CMRP

Three systems. Short
term, long term and
back-up system. Short
term .rejects heatto0
atmosphere via direct
steam dump from steam'
drum. Heat rejecting
capability. approx.:
180 Ot. Long term
system cdhdenses steam
from steam drum in an
ai r cool ed condenser.
Long term Icapaec Ity. Is
about 4.5V% of rated
power. Back-up
system cools sodlum
from reactor overflow
vessel- via a Na/NaAK
heat exchanger. NaK
rejects he•t-'to
atmospher'e:v, la a,
NaK(/Alr heat
exchanger.

iwo Independent .and
divey rse sy-stem's.
Primary sstem• has
9 rods, collapsible
roller nut. drives,
spring -assisted
gravity insertion.
Secondary shutdown
system has 6 rods.
.They have separate
sensors, transmit-
tars comparators
and 'logic, ball nut
screw drive, hydrau-
lic assisted Inser-
tion, below the head
release. Primary
rods release at
roller nut. Either
system capable of
reactor shutdown
with most reactive
rod stuck.

FFTF

Pony motor pro-
vides flow. In event
of primary/inter-
mediate. pump outage.
Heat transport system
designed to natur-
ally circulate in

,event of total pump
loss.. Heat. rejected
to atmosphere through
the Dump Heat
Exchanger.

Two independent".
systems. 3 safety
rods In Iner region.
6 control rods out-
side of safety rods.
All have roller nut
drive mechanisms.
Either system
capable of reactor
scram. Rod discon-
nect-at the rol ler
nut.

SUR 300

Independent emer
guncy cooling Ioy
tam operates on
natural c.rculat
6 coolers are su
merged between 's
tank and reactor
sol. Each"cooie
a separate: iscn
cool ing circulthave Elf pumps.

capacity Is 6iW

Two completely I
pinient and dive
systems 'nciludin
sors and trip p.o
Primary rods low
from top by a ro
nut mechanism.
secondary rods a
Inserted from' ba6

by release of ma
net, which holds'
a spring. Absor
are flexible and
be ihserted'lnto
slightly deforme
channel.

PHENWIX

3 modes of emergency
fs- cooling. Primary

pumps- can operate
ion, onn. batteries-for
ub- 5 6our-s.' Natural•

aleld . circulation Is the
-yes- second mode.. Third
r has mode I when sodium
4dary:- reaches, 70000 cool-
whIch Ing .c¢ircult outside
Total reactor tankUremoves

residsual heat by red-
Iatlonf roam the tank.

mode Is,2 w.4 -

nde- 6. Identical control
.sa , rods. are'I used' I ddias-

g san- crlialnteiy for opera-
Ints. tionial control, scram
ered capab IIIy, shim con-
I ler trol, eJtc. 9 dilIuents.
3

PFR

3 Independent sys-
tems supply 3 alaK/
air coolers which
extract heat from
the IHX. Eachclcr-:
cult Is capable of
removIng 5 04.
Only 5 OU must be
removed to suffl-
clently cool reactor.

5 Ta control rods
In' periphery of
Zone I. 5PB4C.
shutdown rods on
periphery of
outer core. I

-safety rod In
center of core.

IO4JU

3 Independent aux-
II Iary systems
extract heat from
the IHX's. Second-
ary loops of aux- ,
IlIary coolant
systems have EN
Pimps to mailntai n
circulation.

3 regulatory
rods (natural
840) 9 shim
rods (slightly
enriched 840)
4 Safety rods-.
(highly enriched
84C
3 backup shut-
down rods (highly
enriched B4 C).

BN 350

Total decay heat
removal capability
relles on natural
circulation In
reactor and steam
generator. Design
philosophy promotes
natural circulation
IHX Is horizontal
and above reactor
core. Normal water.
levels In steam
generator consti-
tute one hour of
evaporative water.
Additional water
added later. Cal-
cUl ated heat removal
capablility I 4-5•
of'heat In primary'
circuit.

Normal operational
control 'is accom-
plished by 6 burn-up
rods, 2 regulator
rods, and I tem-
perature compensator
rod.. Scram cape-
blIlty Is provided
by three safety
rods. Each of the-
3 rods has Indepen-
dent and separate
electronic circuits
and sensors. Any
two rods are capable.
of reactor shutdown.

P

C,

C'.

re'

g-.

down
bors
can

d

Kb f~



TABLE 1.3-2,,

COMPARI-SON,,OF FFTF. AND CRBRP

1. Nuclear Steam Supply Systems

Reactor Type

CRBRP - 975, Iwt

L iq u id- Metal: Fast
Breeder Reactor

FFTF - 400 MWt

Liquid Metal Fast
Test Reactor

CRBRPPSAR
Section

1.2

I-

Primary- Coolant

Intermediate Coolant

Fuel Cycle

Reactor Vessel and Head

Control Systems

Trip/Scran Mechanism

Sod I um

Sod.1 umn

Sod i urn

Sod i urn

U-235/LU-238/Pu -239

Stainless Steel
Pressure Vessel
with .otating Plug
Cl osure Head

•Clad Borbn Carbide
Rods

Primary System
Gravity drop, spring
assist first 14 inches,
magnetic release

•Secondary System.
gravity drop, hydraulic
assist over. entire.
" travel, pneumatic.release,.
control rod released at top
end of thie control assembly.

U-235/U-238/Pu-239

Stainless steel

Pressure Vessel

Clad Boron Carbide
Rods

Both Systems similar
1-gravity drop, spring

assi st over f i rst-14
Inches, magnetic release

1.2

1.2

4.2

5.4

4.2

4.2

I

r,



CRBRPPSAR

SectionCRBRP - 975 Mwt FFTF - 400 Mwt

Residual Heat Removal
Capabi li ty

Sodium Leak Detection

Heat transport is
provided by pump
pony motor flow in
primary and inter-:.r-
mediate Tlops.
Natural circulation
provides bapckup.
mode of heat transport.
Prinfcipa] mode of heat
rejection. is a turbine
bypas1s.
Alternate short term
heat rejection is by
direct steam:dump
from steam-drum.
Alterna-te long term
heat rejection is by
condensing steam in an
air cooled condenser.
Entirely diverse and
independent alternative
heat removal capability is
provided via cooling of
reactor overflow sodium
by a Na/NaK heat exchanger
NaK coole, by: an NaK/air
heat exchanger.

Capability to detect and
locate to within a cell
or section of piping,:.
small, medium.or large.: .
liquid metal to gas 2
leaks from any equipment
containing liquid metal.

,.Heat transport is
provided by pump
pony motor flow in
primary and inter-.
mediate loops.
Natural circulation
provides back-up
mode of heat transport.

.Heat rejection to.
atmosphere is via dump
heat exchangers.

Capability to detect small
and large sodium leaks
from reactor area and
selected piping.

5.6

7.5

V
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U19. C.\

CRBRP
PSAR

Section

Systems Configuration

-U

(A)

"CRBRP:- 975 Mwt.

Primary & Intermediate
Loops. IHX,. Reactor
Vessel, Evap/SPHTR
configured so as to
promote natural .
circulation. :Elevated
loop design. prevents
sodium from falling
below safe levels in
reactor due to boundary
failure in one loop.
Structural ly independent
free standing guard
vessels surround IHX,
primary pump and Reactor
Vessel to contain sodium
in event of large leak.
Core remains submerged
during all credible •
accidents. All primary
sodium piping is below
operating floor. All
primary piping contained
in nitrogen-inerted steel
lined, concrete vaults.

Measure temperature at
core outlet, temperature
.in upper plenum, sodium
level.

Primary & Intermediate 5.
Loops. IHX, Reactor
Vessel, DHX, configured
so as to promote natural
circulation. Elevated
loop design prevents
sodium from falling below
safe levels in reactor due to
to boundary failures in
one loop. Structurally
independent free standing
guard vessels surround
IHX, Primary Pump, and
Reactor Vessel to contain
sodium in event of large.
leak. Core remains sub-
merged during all credible a
accidents. Allprimary
sodium piping is below.
operating floor. All
piping contained in nitrogen-
inerted steel lined, concrete,
vaults.

Measure flow temperature -4
at core outlet, temperature
upper plenum, sodiUm
level...

.0

1½

FFTF - 400 Mwt

Core Instrumentation .4



PSAR
SectionCRBRP"- 975;Mwt FFTF - 400 Mwt

41

Failed Fuel Detection
Capability.

2. Engineered Safety
Features

Confinement/Contain-
ment

Capability to detect and locate
failed fuel in the presence of
many failures. Each fuel
assembly is individually filled
with unique-isotopic composi-
tions of Xenon and Krypton gas.
Mass spectroscopy of.cover gas
reveals tag gas, indicating
leaking fuel assembly. Delayed
neutron detectors at reactor
vessel outlet dectect fission
.products in coolant, indicat-
ing failed fuel.:,

Steel Cylindrically shap-
ed containment with. hemi-
spherical or hemiellipso-
dial top and flat bottom.
186'ID. 160' bottom to..
springline surrounded by
concrete confinement. An
annulus space between, the 0
containment and confinement
maintained at negative pres-
sure during normal opera-
tion and exhausted through
filters in the event of an
acci dent.

Capacity.,to detect and
locate failed fuel In the
presence of no other failures.
Each fuel assembly is indivi-
dually filled with unique
isotopic compositions of
Xenon and Krypton gas... Mass.
spectroscopy of cover gas
reveals tag gas,.indicating
leaking fuel assembly.. De-
layed neutron detectors at
•reactor vessel outlet detect
fission products in coolant,
indicating failed fuel.

Free standing, structurally
independent steel pressure

.vessel. Cylindrical shape
with hemiellipsoidal, top
and bottom heads. 135' ID.
186'8,1 high. Concrete
shielding below operating
floor.

7.5

3.8.

L
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41
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Containment Isolation U.t A

CRBRP'
PSAR

SectionCRBRP:- 975.Mwt FFTF - 400 Mwt

Containment Isolation
System

Radiation Monitoring(A)

i.0

System provides for.
complete isolationof
all gas and fluid
streams into-and,.out
of containment in event
of leakage of radio-
.activity into contain-
ment atmosphere. System
activated by radiation
monitors in exhaust
stream. (Note -
intermediate loops not
isolable by CIS.)

Provides sensors on
effluent streams for
containment isolation
system. Support sodium
leak detection system.
Continuously monitors
air for plutonium.

Under-the-head refueling
by use of triple rotating
plug. One in-vessel
transfer machine. Access
to entire core by move-
ment or. triple, rotating
plug.-

System provides for
complete isolation
of all gas and fluid
streams into and out of
containments in the
event of leakage of radio-
activity into contain-
ment atmosphere. System
activated by radiation
monitors in exhaust
stream. (Note -
Intermediate loops not
isolable by CIS.)

Provides radiation
sensors on effluent
streams. High trip
point trips reactor.
Lowtrip point closes
H&V exhaust.

6.2

11.4

I..
r

I\ ¾.

3. Auxiliary Systems

Fuel Handling System Under-the-head refueling 9.1
3 in-vessel fuel handling
machines access through
3 plugs in head. •Each
machine sprvizce 120, sector..



CRBRP
PSAR

SectionCRBRP -975 MWt FFTF - 400 Mwt

Irradiated.Fuel
Storage

411

-m

Auxiliary Power

Condenser Cooling

Sodium Treatment.

Data Handling

Ex-vessel storage. .• .:
tank. capacity is 650
assemblies. Storage
capacity equal toýone
full core plus two
refuelings (shield
assemblies excluded).

3 batteries
2 diesel generators
(Class 1E)

Mechanical draft, .wet
cooling tower.
Seismic Category I
cooling tower for
emergency cooling

Primary and intermediate
sodium constantly*
purified by cold traps.

Process and co-ordinate
data from over 5000
sensor points. Necessary
for sodium fill, and
refueling operations.
No active rol:e in normal
power-operation.

In-vessel storage
for 57 assemblies.
Ex-vessel, Interim
Decay Storage capacity
is 112 assemblies..
(Note that core com-
prises 74 fuel assemblies
and 9 control assenblies.)

2 batteries
2 diesel generators

Sodium/air dump
heat exchanger.

Primary and intermediate
sodium constantly
purified by cold traps.

Process and co-ordinate
date from over 1200..-.
sensor-points. No active
role in plant operation.

9.1

8.3

10.4

9.3

7.8

II. ~¾
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K' 0 (L)e

CRBRP
PSAR
SectionCRBRP - 975 Mwt FFTF - 400 Mwt

Fire Protection

E•ergency Water
Service

,Impurity Monitoring
and Ana.llysI s.i

Catch pans, oxygen
suppression equipment,
Isolation devices.

Provides water to
systems essential for
plant in safe shut-
down condltion, in
event normal water
distribution system
Is unavailable.
Seismic design Category
I cooling tower has 30-
day supply of evaporative
water.

Provides for the sampling
monitoring and analysis
of sodium, NaK and argon
.cover gas systems in the
plant and acceptance
sampling and analysis of
Incoming sodium, NaK,
argon, and nitrogen.

Catch pans, oxygen
suppression equipment,
nitrogen flooding.
equipment, Isolation
devices, water prohibited
from containment.

No similar system.

Same as CRBRP except that
the argon cover gas-
sampling~is an on-line
subsystem.:

9.13

.9.9

WA

I;,
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TABLE 1.3-3

DETAILED COMPARISON BETWEEN CRBRP, FFTF, AND MONJU

CRBRP
975 Mwt

FFTF.
400 Mwt

.MONJU*
714 Mwt

PSAR
Section

1. Reactor Core

Number Assembl ies

Core Zone 1
Core Zone 2
Inner Blanket
Radial Blanket
Removable Radial Shield
Primary Control

* Secondary Control
Radial Reflector

Core Barrel Inner Diameter (in.)

ActiveCore Ht. (in.)

Active Core Equiv. Dia. (in.)

2. Reactor Engineering Parameters

Thermal Power Rating (mw)
Gross ElectrlcalIRating (mw)
Gross Plant.Efficlency,(%)
Maximum Power (% of Rated .Power)

Maximum Clad Temp.; Hot
Channel, 100% Rated Power,
T & H Design Condition,
Beginning of.Assembly Life,
(2 , except where noted)

*Notation f-" reflects data not available.

"NA" = not applicable

156
NA
82

126
312

9
6

NA
1 50

36
79.50

28
45
NA
NA
NA
3
6

108
140

36
47.23

108
88
NA

174
316

12
7

4.3

35.4
70.08

975
380

39
115

1350

400
NA
NA1

115

714
300

42
116

4.3

4.4

* N

N'

~7 ~*'

1180 (600OF Reactor
Inlet Temp.)

1380 (800OF Reactor
Inlet Temp.)

1209 (nominal)

U" ,
fN



CRBRP -

975 Mwt
FFTF -

400 Mwt
MONJU *-
714 Mwt

PSAR
Section

3. Reactor Physics, Initial Core
-BOL;except; where. noted..

Max. Fuel Linear Poweriat11 5%-0've rpowe r ( Kw/ft, )

Peak Fuel Linear Power (Kw/ft.)

Avg. Fuel Linear Power (Kw/ft.)

15.9

12.4

8.2

155. 5xI 0'
3.4xl 015

3.49xlO15

2.4x1015

16.3 13.0 4.3
4.4

12.7 11.2

8.66r7.3.(After Cycle 2)

I.
36

Peak:Neutron Flux - Fuel Zone
(n/cm2 .:Sec)

Total
Fast (E>-. Mev)

Peak Neutron Flux - Radial Blanket
(n/cm2 sec)

Total
Fast (E>.l Mev)

7xlO1 5
4xl0 1 5

(average neutron flux
for entire reactor)

30

I0

• I -.-.. : {

r;• !.

NA"
NA

Pu Inventory

Pu-238Pu-239

Pu-240.
ýPu-241
Pu-242.

(kg)
1.0

1468.0
199.7

34.0
3.4

552.6
74.7
10.7

1.12

1143
408
82:

8



U Inventory - BOL (kg)
Core U235

U238
B I anket-'U235

.U238

Peak Discharged Fuel Burn-up
(Mwd/Tonne) (First Core)

Control Rod System

Primary System - BOL
Total Available Worth (W)

Minimum Available Worth
with ,One:Rod Stuck (S)

CRDRP
975 Not

7.6
3476.0

51.0
25,150.0

74,200

23.24

16.29

15.1

F"TF
400 Iwt

13.1

1862
NA
NA

80,000

BOEC, Secondary Rods
Out of Core:

18.7

NOtIJV*
714 Mit

PS.W
Sect I wl

4160

35
17,665

80,000

Regulating Rods

13.99 (course rods)
3.60 (fine rods)

Maxilmum Worth Required
foe Shutdown (M)

11.8

10.5I

K
f ~

Secondary System - BOL

I Total Available Worth (M)

I Minimum Available Worth
With One Rod Stuck (M)

Maximum Worh Reqhuired-'
for' Shutdown ($)

Prompt Neutron Lifetime (Seconds)

BOEC, Primary Rods
Out of Core:

Safety Rods

8.62 (Safety rods &
backup Safety rods)

13.2

6.75

6.20

21.05

Not Available

20.7

0.4xi0- .447x10-6

0' 0 0@ 0@



<< ,

Doppler
Constant - BOL (-T d) (nominal)

CRBRP -
975 Mwt

0.0026
0.0059

Fuel
Blankets

FFTF
400. Mwt

0.0050
NA

-0.049

MONJU*
714 Mwt

PSAR
Section

.0061
(core and

blankets combined)

- .0154
Average Sodium Density
Coeff. (¢/°F)

Uniform Axial Expansion Coeff.
Coeff. (¢/IF)

-0.006

-,0.038

-0.177

-0.038

-0.21Uniform Radial Expansion
Coeff. (C/OF)

Coeff.

-I

51

Core PeakingjFactors

A

K

V

V N

K N

v-u>

8
11

Radial - BOL
Axial -BOL

1.18
1.28

1.36
1.21

1.46 (equil. core.)
1.19 (equil. core)

4. Heat Transport System 5.0

Primary System
Number Loops

Pump Location
Pump Type

3

Hot Leg
Vertical, single
stage, free
surface, centri-
fugal.

3 3

(An

M~C

0-

LOh

Hot Leg
Vertical, single
stage, free
surface, centri-
fugal.

Cold Leg,
free surface
centrifugal



PSAR
Section

Design Head (ft. sodium)

Coolant Flow Direction Through
Core

Total FLovi Through Reactor
(lb./hr.)

Flow Per Loop (gpm) '

Reactor Outlet Temp. (OF)

Reactor. Inlet Temp.: (OF).

Nominal'Reactor PressureDrop
(Inlet Nozzle to Outlet Nozzle)
(psi)

Intermediate System

Number Loops

Pump Location
Pump Type

Design Head (ft. Na .)

Coolant Flow Per Loop (gpm)

Hot Leg Temp. (OF)

CRBRP - 975 Mwt

450.

Upward

.41.45xi0 6

33,700

:995

730

104.4

3.

Cold. Leg
Vertical .. single
stage, free
surface centri-
fugal.

330.

29,500

.922

FFTF - 400 Mwt

500

Upward

17. 28x1.0
6

14,500

858

600

110

3

Cold Leg
Vertical, single
stage, free
surface centri-
fugal.

400

14,500

773

MONJU*-714 Mwt

255

Upward

29.83xi06

23,200

1,005

735

65.4

3

Cold Leg,
free surface,
centrifugal

17,350

960

L
I..,

I:

-2.

4,

18

0O



4 4

Cross Over Leg Temp (°F)

Cold Leg Temp. (F)

Maximum Cover Gas Pressure in
Sodium Expansion Tank (psig)

5. Fuel

CRBRP -,975 Mwt

845

651

115

FFTF - 400 Mwt

NA

515

MONJU*-.714 Mwt

.608

PSAR
Section

4.2

175

Composition PuO2 /UO2

Number Fuel Assemblies 156

Fue1 Assembly Ht. (in.) 168

Fuel Assembly Configuration -(in)
Active Fuel:Height 36
Upper/Lower Axial Blanket 14/14
Fission Gas Plenum 48

Number Fuel Rods per Fuel Assembly 217

Number Fuel Rods per Blanket Assembly 61

Diameter Fuel Rods in Fuel Assembly 0.23

Diameter Fuel Rods in Blanket
Assembly O.06

Breeding Ratio (Initial Cycle) 1.29

Residence Time of Fuel Assembly
Equii Core (Cal-endar. Years)

Fquil. Fuel Resiclence Time 548
(full power days)

PuO2/UO2
73

144

36
NA
42

217

NA

0.23

NA

NA

3 and 4

PuO2/UO2

196

165

35.4
13.8/1 3.8
44.5

169

61

.256 in.

.46 i n.

1.2

2.5

r

~IL 

2

8



CRBRP - 975 Mwt FFTF - 400 Mwt

NA
Residence Time of Blanket
Assembly in Equil. Core (yr.)

MONJU*-714 Mwt

2.5 for inner row
5.0 for 2 outer rows

PSAR
Section

5.14 or 5

,6. Reactor Vessel.

Type Stainless Steel
Pressure Vessel

Stainless Steel
Pressure Vessel

Stainless Steel
Pressure Vessel

Dimensions
Height (ft.)
Inner Diameter

Material

Thickness (in..),

59
20(ft.)

43.
20

SS 304

56

SS 304

1-3/8

SS 304

2-.3/8 2-3/8 Vessel Barrel

7. Control Rod Systems
4.3

4.4

y

K

F>

Primary System

No. Assemblies

No. Pins per Assembly

Pin O.D. (in.)

Absorber Ht. (in.)

Gas Plenum Ht. (in.)

9

37

-0.60.2

36

28

3

,61

Reactor control is
accomplished by 9
coarse regulatory
rods and 3 fine
regulatory rods

0.474

36

22.36

Absorber Material
(first .core)

.92% Enriched B4 C Natural B4 C 3 fine rods-
natural B4 C
9 course rods-
45% enriched B4 C

Max. Withdrawal Rate
aches/Min)

9.0 9.0
8



U6

PSAR
Section

Trip Insertion Time
(sec.)

.Drive Mechanism

Operating Mode

CRBRP - 975 Mwt

<1

Collapsible Roller
Nut; Disconnect
at Top of Drive-
line.

Used as Primary
Operating Rods.
All Rods Drop
with Reactor Scram.

FFTF - 400 Mwt MONJU*-714 Mwt

<1

Collapsible Roller
Nut; Disconnect
at iop oT urive-
.line. Fine rods cover reactivity change

ffrom hot zero to rated power; alsoAll Rods Eithn rFull load follow reactivity changes
in Core or Completely .
Withdrawn. AllPods •Coarse rods.- cover subcriticality
Drop with React6r.Scram,. and fuel burnup effect.' Both

.course and fine rods- are operated
as independent banks.

r

V.,>'
ncondary Control Rod System

No,- Assembl:ies

Noi.Pins per Assembly

Pin.O.D. (in.)

Abso rber Ht. ('in.)

Absorber Material -

First Core

Insertion Mechanism

:6

31

0.5526

36:

92% Enriched B4 C

Gravity, Hydraulic
Assist Over Entire
Travel.

6 There are 4 safety rods and 3
backup safety rods

61

0.474

36

Natural B4 C

Gravity, Spring
Assist Over First
14 inches for Fully

.Withdrawn Rods.-

90% enriched B4 C

I8



CRBRP - 975 Mwt FFTF - 400 Mwt MONJU*-714 Mwt

Drive Mechanism

Operating Mode

8.. Shutdown Heat Rei:,uva't .System

F-

0O

Twin Ball Screw
With Translating
Carriage. Dis-
connect. at Control"
Rod Latch Within,
Control Rod
Assembly.

All Rods .Either
Full in.Core or
Completely With-
drawn. All Rods
Drop with Reactor
Scram.

Pony motorflow
and/or natural
circulation in
primary and inter-

• mediate loops
transports heat.
to steam generator
system.. Normal
method of heat
rejection is turbine
bypass to the condensei
When this path is
unavailable:

Short term heat
rejection accom-
plished by direct
steam dump from

Collapsible Roller
Nut; Disconnect
at:Top of Drive-
line.

Used as Primary
Operating Rods.
All Rods Drop
with Reactor Scram.

Pony motor flow and/or
natural circulation
in primary and inter-
mediate loops trans-
pprts.:heat to Dump
Heat Exchanger (DHX).
Heat rejected:to
atmosphere through
the DHX.

Heat rejection cap-
ability depends on

Used as secondary
shutdown system

Primary pump and/or
natural circulation
transport heat from
core to-.IHX. :,A sepa
auxiliary cooling: loi
removes, heat from ea
IHXK. Flow in auxili
loops is by EMI.pumps
natural circlu!ation.
backup. Final heat
rejection- is by air
coolers.

PSAR
Section

" .5..6 ".

rate !

0if"

ch.:•

a rif

.wi th..i

a sf

if if'

5.
temperature differential
across primary and inter-
mediate systems. Using
reasonable operational.
temperature differenti:als.

0@0



0 "ye

CRBRP - 975• Mwt FFTF

steam drum to heat
atmosphere. Removes capat
up to "J180, wt (18% of ra
rated power). (50
Long termrrejection
of decay heat.
accomplished by
condensing-of steam
in an air cooledý
condenser. Removes up
to 4.5% rated power
(45.Mwt). When these
systems are unavailable,
decay/residual heat is
removed by cooling of
the reactor overflow
sodium by a Na/NaK heat
exchanger. NaK heat load
rejected to atmosphere
by a NaK/air heat exchanger.
Removes between 10-11 Mwt.-

3

(1) Release Rods (1)
(2) Trip Primary (2)

and Inter-
mediate Pumps

(3) Provides Turbine (3)
Trip Signal

- 400 Mwt MONJU*-714 Mwt
PSAR
Section

rejection.
)ility is ;12%
Lted power.
Iwt).

3

Release Rods
Trip Prinmry
and Inter-
mediate Pumps
Programs Dump
Heat Exchanger
Guide Vanes

-s

K.

K

K

OA

K

F

T~.

vs

No. Loops

9. Plant Protection System

Reactor Trip Action

3

18
7.2



CRBRP
975 V~t

FFTF
400- Mf.

MONJ U*
714 Not

PSAR
Sect ion

Reactor Trip Circuits

No. Circuits Monitored
For Trip Actuation

Basic-Signal and.-Trip
Output Signal Logic

No. External Flux Monitors -

Max. RSS Logic Response Time
(From time RSS senses ,
condition requiring trip
to time when rods are
released.) (Sec.)

24-Pri. System.,
16-Sec. System

Pri.-2/3 Local
Coincidence Logic

Sec.-2/3 General
Coincidence Logic

23-Pri. System.
19-Sec. System -

Pri.-213 Local
Coincidence Logic

Sec.-1/4 2/3
Hybrid General
Local
Coincidence Logic

3

I - 0.200 0.200

~N N

q N

CNN~

-2

IN

I.

10. ContaInment

Type/Shape
3.8

Single steel vessel:,
cylindrical shelli with
flat bottom and hemi-
elli psoIdal top. ., Con-
crete shiedldng insi.de,
beliu operating floor.
Steel containment sur-
rounded by ccboreste, con-
f.lnement, bulI ding. An

.annul us space between
contal fiuent and - cIon-
f innment.1milntained at
negative pressure w Ith-
respect to outside
atmeOsphere. "

Single steel vessel,
cylindrical shell
with hemi-ellipsoldal

-top and bottom heads.
.Concrete shielding
below operating floor.

Single steel vessel,
cylindrical shell with
hemI-spherical top and
hem i-ellipsoldal bottom.
Concrete cylinder
surrounds entire con-
tainment.

C)fl

0



K~ 0

PSAR
Section

Ht. (ft.)

CRBRP - 975 Mwt

160 from bottom
liner to spring
line

FFTF - 400 M.qt

186.67

135

10

262

M0NJU*-714 Mwt

Inside Dia. (ft.)

Internal Design Pressure (PSIG)

Containment Design Leak
Rate @ Design Pressure

Confinement/Containment
Annulus Design Bypass

18 Leakage

186

10

154

4

19
0,1% Vol. per

24 hours.
0.1% Vol. per

24 hours.

.001% Of containment
volume per 24 hours

-.5

cI
r'%

Design Temp. (*F)

Total Volume (Cu. Ft.)

Tornadic Winds (mph)

Pressure Drop psi
psi/sec

Missile Protection

2500

6. x 106

360

3
2

2500

2.265 x 106

175

0.75
0.25

4 x 106

Wood Plank, 4" x 12" x 12'
wt.-200 lb., 420 fps

Steel Pipe, Sch40 3" 0 xlO'
wt.- 78 lb., 210 fps

Steel Pipe, Sch40, 6"V x15'
wt.- 2 8 5 lb., 2TO fps

Steel Pipe, Sch40, 12"0 x15'
wt.- 743 lb., 210 fps

Steel Rod, l" x 3'
wt..- 8 Ib:., 310 fps

Utility Pole 13.5"Ox35'
wt.- 1490 lb., 210 fps

Plank, 2"xl2"xl2' ,.
Wt. 54 lbs. traveling
End-on at 100mph (147 fps)

Plywood sheet, 4'x8'x
3/4",
Wt. - 56 lbs.,
traveling End-on at
1.50 mph (220 fps)

Sheet of corrugated
steel siding,
26" x 20'.
Wt. 100 lb. traveling
End-on at 150 mph (220 fps)

V.

(N
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PSARMONJU*-714 Mwt Section
CRBRP 975 'wt FFTF .-J400 Mwt

36

Automobile, 20ft2 (front)
wt.- 4800 lb., lOOfps

Safe Shutdown Earthquake

Operating-Basis Earthquake

11. Auxiliary Electric Power

0. 25g maximum ground
acceleration.

0.125gmaximum ground
acceleration.

0.25g maximum ground
acceleration.

0.125g maximunground
acceleration.

DC Power
No. Batteries
Voltage (Volts)
Rating (Amp-Hrs.)

No. Batteries
Voltage (Volts)
Rating (Amp. - Hrs.)

AC Power
Diesel Generators

2
125

135.0 each

2125
830 each
(8 hr. rating)

1250
2300

NANA
NA

1411

4-1

No.
Total Power (kw)
Voltage (Kv)

27600
4.16

22200
0.480 8

0 0 'i



QjO

PSAR
SectionCRBRP - 975 Mwt FFTF - 400 Mwt MONJU*-714 Mwt

Time to come on-line.(sec.)

Class l-E Standard

10 10

NoYes

12. Radwaste Systems

Type. Liquid Radwaste
System processes
low and inter-
mediate level liquid
radwaste .by
evaporation and
demineralization,
producing purified or
decontaminated water
for reuse or discharge
Resultant concentrated
liquid radwaste is
sent to Solid Rad-
waste system for
solidification. SRS
processes and pack-
ages solid radwa.ste
for shipment to AEC
burial sites. The
Radioactive Argon
Processing System and
the Cell Atmospheric
Processing System
purify contaminated
gases and ensure that

-all.gaseous releases
are as low as
practicable.

All solid and
liquid radioactive
waste is collected
and stored on site
until such time as it
is shipped to the
200 Area of the
Hanford Reservation
for permanent storage.

.There is little
processing of liquid
waste.

11.2, 11.3,
and 11.5

r' \
N'

N

St



TABLE 1.3-2 (Continued:)

CRBRP - 975 ,Mwt FFTF. 400' Mt
P-SAR

SectionMONJU*.-714 Mwt

Minimumrr Exclusion Radius

Average Tritium Production

Design Basis Quantity of Low
and Intermediate Level Waste
(gal/yr)

Estimated Design Dose from
Liquid Effleunts Discharged to
River (mrem/yr)

2200 ft.

89

360,000

r4 .45 miles

40

43,900

0.2 mrem/yr @ 1%
Failed Fuel..
Calculated for People
Living. in Close Proximity to
Site Boundary

Solid Radwaste System Design
Quantities (Ibs/yr)

Non-Sodium Waste..*
Sodium & Sodium Containing
Waste

Radioactive Gaseous Releases
at Expected Service Condition
of 0.1% Failed Fuel (ci/yr)

Noble gases
Tritium

I Estimated Maximum Total
Annual Dose from Gaseous

242,000

16,500.

.14,700

-.50,000

6.4
3.2

1.2-
16

f
0.9 mrem.yr 10-3 mrem/yr:
@ 1% Failed Fuel. @ 0.1% Failed Fuel.
Calculated for People Calcul:ated for Closet
Living in-Close Occupied Area - 2 Miles
.Proximity to Site from Reactor.
Boundary

0@,.

8

S0@



1.4 IDENTIFICATION OF PROJECT PARTICIPANTS

In July, ,1969, Statutory authority was provided by the Congress for the Atomic
Energy Commission (AEC) to embark on a two-phase approach forthe first LMFBR
Demonstration Plant. The first phase, the Project Definition Phase (PDP)
work, permitted all participants to better understand and define the technical
and economic characteristics of the proposed undertakings. Atomics
International, General Electrlc and Westinghouse and associatedutilitles
participated In this phase of the program. The second phase, the Definitive
Cooperative Arrangement phase (DCA), provided for the design, construction and
operation of the first LMFBR Demonstration Plant.

Early in 1971, it was determined that, due to the magnitude of the
undertaking, the LMFBR Demonstration-Plant must 'have the full support and
backing of essentially the entire electric'utility Industry including the,
Investor-owned and publicly-owned sectors of this very large Industry. To
seek advice and assistance In obtaining such general support from the utility
Industry, In April 1971 the AEC established two committees, the Senior Utility
SteeringCommittee and the Senior Utility Technical Advisory Panel. These
committees consisted of top senior management and engineering executives from
thb tit Ity•..Industry.

This% cdord'inhated AEC-UtilIty effort resulted in proposals. being made by a
group '.of major utilities from New, England, the Pennsylvanla-New, Jersey- 125q) Maryland Intercohnection,-Empire State Atomic Devel opment Associates, the
Southern Company-Middle South Utilities, and Commonwealth Edison-Tennessee
Valley Authority for the design, construction, and operation of an LMFBRý
Demonstration Plant.

The two senior util Ity advisory committees recommended and the AEC selected
the Joint submi-ssion from Commonwealth Edlson (CE) and the Tennessee Valley
Authority (TVA) as the basis for negotiatl'ons leading to a contract for the
design, construction and operation of the first demonstration plant. This
action resulted in a shift of program emphasis from the reactor manufacturers 25
to the utillity industry.

In March, 1972, based on the CE-iVA proposal, two new corporations - Project
Management Corporation (PMC) and the Breeder ReactorCorporatloh (BRC) - were
created. PMC'Was organized to manage the design, construction, and operation
of the demonstration plant and BRC was created to serve as Interface' between
the electric util-ity'industry and the LMFBR Demonstration Plant Project, to
provide senior counsel, and to coordinate the electrlc utlllty Industry's
assignment of people and financial contribution to the Project.

The CE-1VA proposal provided for a seven-man Board of Directors comprised of
two members each from CE, TVA, and AEC and one member from BRC. However, the
Atomic Energy Act of 1954 did not permit AEC employees to serve on the Board
of a private corporation. As a result, an Interim arrangement with a five-
member board was established until legislation could be introduced and passed
by Congress to permit AEC participation on the Board. In order to assure the) AEC's full participation in the Project, a three-man Project Steering 25
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Commi.ttee.(PSC) with one representative each from TVA, CE. and AEC. was
establ ished. -The Project Steering Committee's function is to Implement the 25Qgeneral poll,cles established by the PMC Board of Directors.

.. The-ýlarrangements for- carrying ouT.tthe LMFBR-Demonstration Plant Project were
formal ized, in-Contract AT(49-18)-12. The, partles to the .contract were the
Atomic.'Energyl Commission (AEC), the Tennessee ValI ey Author Ity (TVA), the
Commonweal th.. Edison,. Company, (CE).,- and: the Project Martagement. Corporation

45 .. MC. The. Uni..ted States Department. of Energy (DOE) has.since succeeded to the
role. of the AEC i~n carrying out the Federal Government's .responsibilitles In
connection with the.Project. Contract AT(49-18)-12 identifies the roles of
various part i:cipants In the design, construction and operation of the liquid
metal fast breeder reactor demonstration plant.

In June, 1974, the Reference Design for the Clinch River Breeder Reactor Plant
was established. Based on this design, a detalIed cost. projection for the
Project was: prepared. This cost projection was significantly greater than the
estimated-cost ofithe Project that was made in 1972 before the design had been
definitized., 25

Contract AT(49-18),-12-.provides for the Federal Government to fund any Project
Pcist,-;I•nt.excess of -, contributi ons",of Jthe.. ut Ilty industry. As a resu of the

significant increase in the cost estimate for the Project, It was.agreed that
the. Federal Government's authority in the Project was not in proper proportion
to fA i ,na.nci al,, participat.ion. :,Mod-if-ications to the.-Project arrangements to

I ncre.ase *such:,-author ity wereagreed to in pr-inci.pl e, in, March, 1.975. .Changes
In the'management structure. were planned. A single Integrated CRBRP Project
Offl..ce-w., comprised: of both .government and utility Industry personnel has since
been.:establ ished to: manage the Project. 253

1.4.1 FUNCTIONS. RESPONSIBILITIES, AND AUTHORITIES OF PROJECT PARTICIPANTS

The: generalProject manageme.nt• authority and ,responslblIity is now vested In
the Department of .Energy (DOE).. This authority and responsi-bility Is carried
out:on a day-to-day basis .by the Clinch River Breeder Reactor Plant (CRBRP)
ProjectIOff.ice. Thus, DOE is responsible for all activities of the Project In
the accomplishment of the design, licensing, construction, testing and-
operation of the CRBRP. DOE will provide financial support for the CRBRP
Project as well as, support from its .LMFBR Base Technology. prograns. With
respect t;o the supportl ng R & D work, DOE wIl1 provide information to PMC, TVA

45 and CE and .notl.ce of eventshaving a significant potential impact on Project
cost and schedule. DOE wll also provide all .source and special nuclear
material required for t'he. CRBRP during the term of the Project In the form of
completed fuel assembl les.

DOE,. PMC and TVA are co-appl icants for the CRBRP Construction Permit and will
recelv-e such support as they may require from the Project contractors In 25

:meeting such responsibilities..:
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I
PMC is responsible for administering the utilities' interests In the Project
and providing utility personnel and financial support for the Project. The
PSC will function as a tripartite review mechanism for the overall Project and
Is responsible for keeping the PMC Board fully and-currently informed about
Project activities.

TVA and CE will supply key personnel and staff to PMC to meet its obligations
for-staffing the Integrated CRBRP Project Office. In addition, TVA will
provide the site and certain transmission facilities and purchase the
electrical energy produced.

451 Through separate contractual arrangements between TVA and DOE, TVA will
operate and maintain the plant and provide supervision of plant safety,
operation and maintenance.

1.4.2 DESCRIPTION OF ORGANIZATIONS

451 DOE is a Cabinet level department of the Federal Government with
responsibility for policy planning, coordination, support and management of
Government research and development programs for all energy sources. The
Department is headed by a Secretary who is appointed by the President and

451 confirmed by the Senate.

Project Management Corporation Is a non-profit corporation organized to
parti cipate In the development, testing and demonstration of generating
electric power using the LMFBR concept. The general policies of the
Corporation are established by its five-member Board of Directors.

TVA Is a corporate agency of the Federal Government with responsibility for
planning for the proper use, conservation and development of the natural

.resources of.the Tennessee River drainage basin and Its adjoining territory.
TVA's major policies, programs and organizations are determined by a full-
time, three-member Board of Directors who are appointed by the President and
confirmed by the Senate for nine-year terms. TVA operates with a reasonable
degree of the autonomy and flexibility which characterizes a private
corijoration. It is an independent agency, not part of any Federal cabinet
department.

Commonwealth Edison is a private corporation primarily concerned with the
production of electric power and Is especially Interested in advancements In
the field of nuclear power production. CE's major policies and programs are
established by a Board of Directors who are elected by the stockholders of the
Corporation.

1.4.2.1 INTEGRATED PROJECT ORGANIZATION

The four parties to the Project Contract AT(49-18)-12 have agreed
(Modification No. 1) to the formation of a single, integrated project
management organization, staffed by both government and industry personnel.
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This management structure has been designated the Clinch River Breeder Reactor
Plant (CRBRP) Project Office. The CRBRP Project Director, a DOE official
serving under the supervision of the Manager, Oak Ridge Operations Office of
DOE will direct the entire GRBRP Project. Office staff and manage the Project.

The CRBRP Project Office Is expected to consist of about 34 DOE and 120 PMC
professional and managerial employees by October, 1982. Most of the PMC
professional and managerial staff will be personnel assigned by CE and TVA.
In addition, BRC member utlIities and other companies may assign personnel to
the CRBRP Project Office. Sane professional employees will be hired directly
by PMC.

The Integrated Project Office Includes the Project Director and his staff,
fourteen division chiefs and their staffs and a site representative who
reports to the Director. The Director's staff consists of a Deputy Director,
an Assistant Director and an Executive Assistant. The division chlefs
reporting to the Director include Administrative Servlces, 'Audlt, Automatic
Data Processing, Construction, Counsel, Engineering, Financial Management,
Information, Operations, Project Control, Public Safety and Quality Assurance.
The'CRBRP Project Office organization chart Is Included as Figure 1.4-1.

The Project Office functions and responsibil ities are to plan and conduct
programs and activities for the design, development, manufacture, ilcensing,
construction and operation of the CRBRP through the demonstration period and
to .identi ffy and.arrange for s.ervlces for engineering, research, develo6ment
and testin'g, of 'syst'ems'and'compone'nts to s upport successful project
completion. The specific functions within the Project Office are:

Project Director's Office

The Project Director directs all activities of the CRBRP Project to accomplish
the design, manufacturing, licensing, construction, testing and operation on a
utility network of a liquid metal cooled fast breeder reactor demonstration
plant. He performs delegated contracting office functions.

The Deputy Director assists the Director in dlrecting, supervising and
managing the Project. He performs delegated contracting officer functions.
In the absence of the Director, he acts in his stead.

The Assistant"Direttor, as the General Manager' of PMC, represents the interest
of the' util ity Industry in the Proj~ect. He participates actively and closely
In reviews of engineering, 'cost and schedule, planning and execution so as to
provide the Director the benefit of the' utilities' Interest in Project
activities. He leads the public Information program. He represents the
utilities' Interest In the formulatlon of a licensable design that will be
commercially viable. He serves as leader of task teams for problem resolution
as assigned.

The Executi ve Assistant acts In a staff capacity In the formulation and
executive direction of*Project activities, with primary concern for the
administrative and managerial aspects of the organization.

Amend. 66
I AA Mar. 1982



...... Construction

The Construction Division Is responsible for management of the construction of
the Project, including the quality, time! Iness and cost of the constructed
work.

The Engineering Division is responsible for management of the design,
engineering and fabrication of systems, processes, equipment and facilities,
including qual ity, cost estimates, schedule and research and.development
activities.

Procurement

The Procurement Division is responsible for planning, developing, coordinating
and executing policies for contractor selection, contract negotiations,
administration of contracts, review and approval of subcontracts and
procurement management appraisal. It may also directly procure goods and
serv ices.

Publ i Safety

'The Public Safety Division Is responsible for planning, developing,
coordinating and executing policies and plans in the areas of public safety,
environmental affairs, nuclear safeguards, licensing and reliability. The
division is also responsible for management of environmental monitoring
activities, Including quality, cost, and schedule.

Oerpt[Ions

The Operations Division Is responsible for overseeing TVA's operation of the
plant. Before the operating phase, it is responsible for development and
Implementation of an integrated plant operating program and the orderly
transition fram the design and construction phases to the operating phase.

Quality Assurance

The Quality Assurance Division is responsible for planning, developing and
assuring effective execution of the Integrated quality assurance program
Including the conduct of the owner program and the integration and
coordination of all the quality assurance programs of the Project
parti ci pants.

information

The Information Division Is responsible for planning, developing and
administering the Project activities in community relations and public
education. It coordinates the dissemination of technical Information to the
utility industry and the general public, and coordinates Information
activities by all Project participants and major Industry organizations.
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Project Control

The Project Control Division is responsible for designing, developing and
Implementing'the management control .systems for the Project. It monitors the
integrated costs, schedule and technical: performance of-the contractors.

Financial Management

The Financial Management Division Is responsible for developing and
coordinating policies, programs, and procedures for budgeting and accounting,
to ensure financial control.

Audi

The Audit Division Is responsible for developing and coordinating pollcles,
programs, and procedures to ensure the conduct of professional audits.

Counsel

The division of Counsel is responsible for providing legal advice and
assistance on all matters of law and legal policy for the Project.

Adm in istrat ive Services

The Administrative Services -Division is responsible for planning,; developing
and impl ementing support services for' the Project Off ice and support services
rendered commonly to other Project participants at Oak Ridge.

Automatic Data Processing

The Automatic Data Processing (ADP) Division Is responsible for providing
guidance, advice and assistance to the Project Office In technical and
business management applications of ADP.

Labor Relations

The Labor Relations Division Is responsible for providing guidance, advice and
assistance to the Project Office on industrial relations with contractors.

1.4.2.2 PMC'ORGANIZATION.

The PMC organization Is headed by the General-Manager and consists of
professional employees who perform PMC's contract obligations.

The PMC staff is responsible for administering the utilities' interests In the
Project including continuous monitoring of the Project, preparation and
dissemination of Project information, arranging for the participation of
utility personnel in the Project, investmentand disbursement of utility funds
and exercising the various contractual rights designed to protect the
util ities' interests,' Including approving any proposed changes In Project
scope or deviation from the approved Reference Design or specifications,
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maintaining access to Information and data, either in the possession of the
Government or any of the Project contractors, seeing that the conditions for
the disbursement of utility funds are met, and exercising the rights of
termination of the Project In the event a contractually based termination
occasion arises.

1.4.2i3 DOE ORGANIZATION

The overall DOE organization is shown In'Figure 1.4-2. Prime responsibility
for the CRBRP Project Is assigned to the Director, CRBRP Project. The line of
authority is from the Secretary of Energy to the Under Secretary of Energy to
the Manager, Oak Ridge Operations and"then to the Project Director as shown on
Figure 1.4-2A.

The Assistant Secretary for Nuclear Energy provides program management
direction to the Project through the Manager, Oak Ridge Operations. Licensing
is the responsibility of the Assistant Secretary for Nuclear Energy under the
office of Nuclear Reactor Programs, Plant Development Division. This latter
office also provides licensing direction to the CRBRP Project.

The Deputy Assistant for Nuclear Reactor Programs, in consultation with the
Project Director, manages the Base Technology program which contributes
support to the CRBRP.

1.4.2.4 TA ORGANIZATION

The organization of TVA Is shown In Figure 1.4-4. The responsibility for
TVA's activities will be met by or through the Office of Power, shown In
Figure 1.4-3. The staff and divisions that will carry out, support, or have
the potential to support TVA's role as operator are discussed In the following
paragraphs:

)

j9
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1.4.2.4.1 OFFICE OF POWER (Figure 1.4-3)

Nuclear Licensing Staff'

The Nuclear Licensing Staff (ILtS) is responsible for coordinating the
licensing activities of TVA nuclear power plants with the Nuclear Regulatory
Commission. The NLS is responsible for providing the interface between TVA
and all the Project participants for the CRBRP regarding licensing.

Division of Nuclear Power

The Division of Nuclear Power has the responsibility for the operation and
maintenance of all TVA nuclear electric generating plants and will have this
responsibility for the CRBRP. Additional information about the responsi-
bil Ities of the DivisIon of Nuclear Power for the CRBRP Is Included In SectIon
13.1.

Division of Power System Operations

This division provides the services of Its central electrical, Instrumenta-
tion, and chemical-laboratory and technical staff. In addition, field-test
engineers are provided for chemical and laboratory tests and for solution of
special electrical engineering and chemical problems. Eng:ineers and tech-
nicians from this division are responsible for the maintenance and testing of
the relaying associated with the transmission system and the inter-TVA
communications system.

Office of Ouality Assurance

The Office Assurance will be responsible for assuring the Implementation and
maintenance of an effective euality assurance program, including the auditing
of all safety-related activities of the CRBRP. Through the audit program,
existing and potential deficiencies are identified and appropriate corrective
actions are assigned. Through formal audit reports, the Nuclear Safety Review
Board and Manager of Power are advised of any Identified deviations from
procedural requirements and licensing commitments. Its relationship within
the TVA corporate structure Is Indicated in Figure 1.4-4.
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1.4.2.4.2 BALANCE OF TVA ORGANIZATION (Figure 1.4-4)

1.4.2.4.2.1 DIVISION/OFFICE/STAFF OUTSIDE THE OFFICE OF POWER THAT
-- PROVIDE A DIRECT SERVICE:

DiviSion of 1 ccUpDatlonal Healtbh & _afftv

The Division of Occupational Health & Safety has. corporate responsibl lity for
formulating TVA occupational health and safety plans and policies. It
develops and issues criteria and standards for control of hazards in the work-
place. It audits and appraises the effectiveness of occupational health and-
safety programs througout TVA, supports the Investigation of serious
accidents, Investigates employee complaints of unsafe or unhealthful. working
conditions referred to the "designated Agency safety and health off iclal ,, and
ensures appropriate follow through. It ensures through program evaluation
that the occupational health and safety program Is adequately implemented in
TVA organizations consistent with corporate policies and plans and in
compliance with applicable standards and regulations.

It coordinates TVA review of regulatory requirements and industry trends
relating to occupational health and safety practices and coordinates the
development of Agency comments on proposed regulations.

It provides industrial hygiene services for the Agency, including surveys to
measure employee exposure to noise, toxic chemicals, and physical agents, and
recommends appropriate administrative and engineering control methods. It
plans and coordinates emergency repsonse capability for dealing with major
spills or releases of htazardous and toxic materials on TVA property. It Is
responsible for handling workplace and community noise prevention programs.

9It provides accident prevention and safety consulting services, as requested,
Including fIre protection, handling of explosIves, and management of hazardous
and toxic materials.

Radiological Health Staff

The Radlological Health Staff provides program definition, oversight and
performance evaluation for TVA radiological control and protection.

Division of Medical Services

The Division of Medical Services Is responsible for TVA's overall health
program. This will Include employee health services for the CRBRP.

Public Safety Services Staff

The Public Safety Staff will share Industrial-radiological security
responsibilities for the CRBRP with the Division of Nuclear Power In the
Office of Power. The functional relations between these groups and how they
share industrial-radiological security responsibilities are discussed In
Section 13.7 under Radiological Security Program.
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Office of:Natural Resources

This office through Its Environmental Quality Staff, Air Resoures Program, and
Water Resources Program provides environmental technical guidance, assistance,
and services as needed to assure activities are in compliance with Federal
environmental regulatlons and legislation.

Nuclear Safety Review Staff

The Nuclear Safety Revlew Staff is a top-management level group which acts
Independently .of TVA organizations concerned with the design, construction,
operation, and support of nuclear plants to monitor, review, and audit TVA's
nuclear activities and advise the Board on nuclear safety policy.

1.4.2.4.2.2 Other Organizations

In addition to the organizations listed in Section 1.4.2.4.2.1, any other TVA
Organization Is available to provide service for the CRBRP.

C)
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1.4.2.5 CONTRACTOR ORGANIZATIONS

1.4.2.5.1 WESTINGHOUSE ELECTRIC CORPORATION (Figures 1.4-5.6)

The Advanced Reactors Division (ARD) Is part of the Advanced Power .Systems
Divislons which are responsible:for all of the fast reactor programs, within
the corporatlon. In the Clinch River Breeder Reactor Plant Project, ARD has
the overall responsibi I"Ity for designing.and supplying -the ent.ire Nuclear
Island (NI) of the plant and for conducting the overall demonstration plant
project. This responsibil ity Includes management of Reactor Manufacturer (RM)
functions at Atomics International (Al) and General Electric (GE) and
interfacing with.Burns & Roe regarding the Nuclear Island which Is discussed
in more detail In Section 1.4.2.5.1.1. The personnel involved with ARD's
activities related to CRBRP are located at two sites. The W-OR-activities
take place in Oak Ridge, Tennessee and the W-WM activities take place at the
Waltz Mill site near Madison, Pennsylvania. Division management Is located at
the Waltz Mill site. The following paragraphs describe functions of senior
managers directly concerned with the Clinch River Project. In addition,
Westinghouse Is able to draw on the expertise of engineering ahd management
personnel associated with the FFTF Project and R & D programs, both at the
Advanced Reactors Division and at the Hanford Engineering Development
Laboratories, managed by the Westinghouse Hanford Company.

_eneral Manager. Advanced Power Systems Divisions

IThe General Manager of the Advanced Power Systems Divisions is the senior
corporate official responsible for all Liquid Metal Fast Breeder Reactor

_) (LMFBR) activities in Westinghouse. This Includes direction of both the
Advanced Reactors Division and the Westinghouse Hanford Company. He reports
to the Executive Vice President, Nuclear Energy Systems, and Is thus able to
draw upon the required corporate resources to assure the necessary support of
the Project.

General Manager. Advanced Reactors Division

The General Manager of the Advanced Reactors Division reports to the General
Manager of the Advanced Power Systems Divisions and Is responsible for all the
design, development and other activities of the Division. He provides
direction and guidance to the CRBRP Project Manager, the Project Management
Services Manager, other Project Managers, the Technology Manager, the Product
Assurance Manager, the Controller and the Nuclear Safety and Re.liability
Manager. He conducts reviews of progress being made on the Clinch River
Project, and assures that any problems requiring special attention by senior
corporate management are Immediately made visible.

i
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Product Assurance Manager

The Product Assurance.Manager is: responsible to the General Manager, Advanced
Reactors Division for providing overall ARD Quality Assurance functions..SInce, the Product. Assurance-, Manager, reports, di rect-ly to the Div I slon GeneralManager.,he.has..the organizational freedom to initiate and.evaluate solutions
to. product, problaems and avoid:any compromise In product qual ity, resulting fromother requir1rnernts such as cost, schedul.ing, production and manufacture. He
di:rects matters of Corporate and Divisional Quality Assurance Policy
througbout'.the.Divi.sion. "

iC
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j 1.4.2.5.1.1 ARD W-OR Organization (Figure 1.4-5)

CRBRP Pro ject Manager

The CRBRP Project Manager reports to the General Manager, Advanced Reactors
Division and Is responsible for discharging the tasks associated with the
Westinghouse role for the Nuclear Steam Supply System (NSSS). The Project
Manager is responsible for the NSSS technical integration and program
management, for all technical and program planning, contract and project
administration, customer liaison, and direction of all NSSS development,
design, procurement, component fabrication, testing efforts and the W-OR
Quality Assurance Program. In addition, he Is responsible for providing the
necessary technical requirements to the Architect-Engineer (A-E) regarding
NSSS facllitles requlrements and support, and for providing the necessary
construction liaison for the NSSS. He is responsible for the identification
and timely resolution of project problems In the above areas.

CRBRP Technical Director

The CRBRP Technical Director reports to the CRBRP Project Manager and is
responsible for technical decisions in the discharge of the W-OR NSSS tasks.
He Is also responsible for NSSS Licensing and Rellability.

W CRBRP Quality Assurance Manager

W CRBRP Quality Assurance Manager reports to the CRBRP Project Manager and has
been delegated the authority and execution responsibility by the CRBRP Project
Manager for establishing, maintaining, directing and managing the W CRBRP NSSS
quality assurance program as described In Chapter 17, Appendix 17D.

CRBRP Program Control Manager

The CRBRP Program Control Manager Is responsible to the CRBRP Project Manager
for NSSS plans and schedules, estimates, budgets, cost control, development of
project policies and requirements, cost reduction efforts, project
administration, and data and systems management.

W-OR Procurement Mang

The W-OR Procurement Manager is responsible to the CRBRP Project Manager for
W-OR Procurement activities. He administers and controls the W-OR contracts
with the RMs and W-OR suppliers to assure that the required systems,
structures and components are procured consistent with contract requirements.

I
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GE Program Manager

The GE Program Manager reports to the CRBRP Project Manager and Is responsible
for the coordination of GE RM activities.

A IProgram, Manager.

The AI Program Manager reports to the CRBRP Project Manager and Is responsible
for the coordination of Al RM activities.

CRBRP .,Systems Integration Manager

The CRBRP Systems Integration Manager reports to. the CRBRP Project Manager and
is responsiblefor control and integration of~the NSSS design and system
Interface including the W-OR/AE-Constructor interface-and development
activities. In addition, he is,responsible for the.plant systems and safety-
related design activities.

0
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N: 1.4.2.5.1.2 ARD W-WM Organization (Figure 1.4-6)

Project Management Service Manager

The Project Management Services Manager reports to the General Manager,
Advanced Reactors Division and is responsible for divisional program control,
engineering services functions, administration of staff functions, preparation
and maintenance of divisional policies/procedures, coordination of standards
and patent activities, procurement and the functions of the CRBRP Project
Deputy Manager.

Program Control Manager

The Program Control Manager is responsible to the Project Management Services
Manager for division planning, scheduling, budget and cost control, data
management, procedure development and maintenance, cost/schedule analysis and
reporting and for standards and patent coordiation.

Procurement Manager

The Procurement Manager Is responsible to the Project Management Services
manager for all W-WM procurement related to CRBRP.

h CRBRP Pro ject Deputy Manager

The CRBRP Project Deputy Manager reports to the Project Management Services
Manager, Advanced Reactors Division and Is responsible for discharging the
tasks assigned to W-WM. In this capacity the Project Deputy Manager has the
responsibility for all the technical and financial planning associated with
the Westinghouse W-WM activ.ities. The CRBRP Project Deputy Manager takes
direction from the CRBRP Project Manger.

CRBRP Program Management Manager

The CRBRP Program Management Manager is responsible to the CRBRP Project
Deputy Manager for directing, integrating, coordinating and monitoring the
engineering, safety and licensing, program control and external interfacing
efforts required at W-WM.

Steam Generator Program Manager

The Steam Generator Program manager is responsible to the CRBRP Project Deputy
Manager for all activities related to the steam generator components design
and fabrication program.

Eng Ineering Manager

The Engineering Manager reports to the General Manager, Advanced Reactors
Division and is responsible for engineering and design of the division-wide
technical projects. In this capacity the Engineering Manager takes direction
'from the CRBRP Project Deputy Manager for the engineering and design of CRBRP
NSSS systems and components.
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Reactor Engineering Manager

The Reactor En gineering Manager takes direction, through the Engineering
Manager, from the CRBRP Project Deputy Manager for establ ishing system
requlrements for the reactor enclosure,. Internals, and control rod systems;
and the design, documentation, shipment, and Installation support ..of the
reactor vessel, reactor internals, reactor primary control rod. system, reactor
guard vessel, reactor closure head, and the.components for the head access
area and the reactor cavity and for. the stress and thermal/hydraulic analysis
of the permanent reactor components.

Nuclear Systems Engineering Manager

The Nuclear,::Systems Engineering Manager takes direction, through, the
Engineering Manager, from the CRBRP Project Deputy Manager for structures
analyses, nuclear design, core thermal and hydraulic analyses, shielding.
analyses, and the design, documentation, and installatlon support of the fuel
and removable assembl les.

!,a
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Plant Enaineerina Mananer

The Plant Engineering Manager takes direction, through the EngineeringManager, from the CR8RP Project Deputy Manager for establishing system
requirements for the reactor heat transport system, plant control, data
handi'!ng, reactor and vessel Instrumentation systems, plant protection
systems, as well as the design, fabrication documentation, shipment, and
Installation support of.-the components in those systems. In addition, he is
responsible for providing overall plant performance analyses, and the
manufacturing engineering support for all W-WM NSSS components.

Structural Mechanics and Computer Systems Manager

The Structural Mechanics and Computer Systems Manager takes direction, through
the Engineering Manager, from the CRBIRP Project Deputy Manager for the
performance of structural and stress analysis In support of CRBRP activities
at W-WM.

W-wM Safety and Licensing Activities

All W-WM safety land licensing activities are performed by the Divisiop's
Nuclear Safety and Reliability Department which Is independent from the W-WM
Engineering and Procurement OrganIzations. This departmentlis responsible to
the General manager for assuring that all W-WM nuclear safety and licensing
requirements have been satlsfed. To accomplish this the Nuclear Safety and
Reliability Department reviews all W-WM design documentation, prepares and
coordinates licensing documentation within W-WM, performs reliability analyses
and performs safety analyses.

W-WM Ouallty Assurance Activities

All .W-WM Quality Assurance activities are performed by the Division's Product
Assurance Department which is total ly Independent from the.W-WM Eng.ineering
and'Procurement Organizations. For the description of the Divisional Quality
Assurance Organization and its duties and responsibilities with respect to
W-WM actlvitles see Chapter 17 Appendix 17D.

1.4.2.5.2 Burns and Roe. Inc.- Breeder Reactor Division (Figure 1.4-7)

Breeder"Reactor Division Senior Corporate Vice President

The Senior Corporate Vice President and Director of the Breeder Reactor
Division Is the 'senior corporate officer assigned to the project and reports
to the President. He draws upon the total resources of the corporation to
assure that all necessary actions and support are forthcoming. He provides
senior technical guidance as necessary. He assures that any problems
requiring attention and resolution are being acted on In a timely manner.

7
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The Vice President and Deputy Director of the Breeder Reactor Division reports D
to the senior corporate officer'assigned to the project. He provides guidance
and direction to theProject Manager and the Project Quality Assurance Manager
in the 'conduct of the project. He performs special reviews of the engineering
and design work being conducted on the project and of progress being made. He
assures that ahy problems requiring attention and resolution are being acted
on In:a timely manner. He contacts senior representatives of DOE and the LRM
as necessary to assure satisfactory comppietion of overall •project efforts.

CRBRP Pro ject- Project Manager

The Project Manager reports to the division Vice President and is assigned
overall responsibillity and authority for carrying out Burns and Roe's
contractual .commitments to DOE. He directs and coordinates all project
activities in a manner to assure that all Burns and Roe efforts are proceeding
In an Integrated fashion which will support procurement and construction
efforts and will produce a satisfactory technical product, on time, and at
minimum cost to DOE. He assures that the engineering and design work by Burns
and Roe provides a safe and reliable plant with minimum environmental Impact,
and a lplant which has good operability, availability, maintainability,
flexi~bilty, inspectabil ity, *and prospect, for future economy. He Is the.
off icial point of contact for the project within Burns'and Roe and assurees
that Burns ahnd"Roe's efforts are-carried out in a satisfactory manner. He
Tssues management. reports and information concerning the project.

Assistant Proiect Manager Engineering and Design Services

The Assistant Project Manager, Engineering and Design Services, reports to the
Project Manager and is assigned responsibility and authority for the overall
direction and coordination of the engineering and design effort Including
those performed under subcontracts by Holmes and Narver, Inc. He integrates
the engineering and design effort in the various areas to assure a sound and
technica.lly satisfactory and licensable design .which Is completed on schedule
and within budget. He approves Initial Issues and revisions, as required, of
system design descriptions, drawings, specifications and all technical work on
the Project and Is assisted In these activities by Project Engineers. He
assu:res that engineering and design efforts are properly Interfaced, as to
both scope and schedule, with the engineering and design work of-the Reactor
Manufacturers ast appl I cabl e.

Assistant Proiect Manager. LicensI ng and Procurement Services

The Assistant Project Manager., Licensing and Procurement Services, reports to
the Project Manager and is.assigned re sponsiblilty and authority for the
overall ,direction of licensing and environmental activities for the. SAR and
ER. 'His responsibilities also include the overall, direction of procurement
management, procurement coordination, vendor documents, and coordinating with
engineering and quality assurance in support of such responsibilities.

C)
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Pro Ject Operations Manager

The Project Operations Manager reports to the Project Manager and is
responsible for the administrative, business, planning, scheduling, cost
engineering of the Project. For the administrative and business systems, he
is responsible for Project cost control and reporting, manpower •control,
commitment control, and the formulation and monitoring of the Project data
bank. He is also responsible for the Management Information Center and for
development, custody and control of Project procedures together with the
required indoctrination of Project personnel. For the planning, scheduling
and cost engineering systems, he provides the necessary controls and monitors
overall Project progress and plant capital costs. *Under these systems, he Is
also responsible for the preparation and maintenance of all Project schedules.
He is responsible for all project personnel training related to the above
systems as required.

ProJect Office - Resident Manager;

The Project Office Resident Manager reports to the Project Manager and
coordinates all Burns and Roe operations In Tennessee. He interfaces as
necessary and as directed with DOE, PMC, and LRM and the General Constructor.
He is supported by a Systems Integration Manager, Planning and Construction
Liaison Manger (future Site Manager), Progran Manager, and a Licensing and
Environmental Representative, He Is responsible for the activities conducted
at the Project Office and at the construction site, other than Quality
Assurance. He shall keep the DOE Project Director advised on as frequent a
basis as necessary of status and problems. He Is empowered to speak and act
for the Burns and Roe Project Manager where necessary.

Contract Superv Isor

The Contract Supervisor directs the contract administration functions for the
project.- He reports to the CRBRP Manager as the central point of contact for
the project on contract administration matters. Included in contract
administraton matters are preparation of documentation, compl lance with
notification provision, cost segregation and negotiation.

Quality Assurance Manager

The responsibility and authority of the Quality Assurance Manager is discussed
in Section 17E-1.3.

Procurement Manager

The responsibilities of the Procurement Manager, who reports to the Assistant
Project Manager, Licensing and Procurement Services, are governed by the scope
of work Included in Burns and Roe's contract with the CRBRP Project Office.
Where Burns and Roe has procurement support responsibility, the Procurement
Manager Is responsible for the preparation of the potential offeror's lists;
review of technical specifications for procurement suitability; administration
of Burns and Roe support responsiblitles for each subcontract and provides
Burns and Roe contact with vendor subcontract administration personnel. Where
Burns and Roe has complete procurement responsibility, the Procurement Manager
Is also responsibile for the conduct of the contracting process Including
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negotiations and award of subcontracts and administration of subcontracts.

Licensinagand Environmental Manager.,

The Licensing and En vironmental Manager reports to the Assistant Project
Manager, Licensing* and Procurement Services-and coordinates all Burns and Roe
licensing activities for the SAR and the ER.. He assures that the requirements
of all cognizant regulatory bodies.- :federal, state and local - are recognized
and. included in the design. He Is responsible for Insuring that all :revisions
to regulations-during the course of the work .are properly evaluated and
Included as may be required.'

()
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F 1.4.2.5.3 General Electric Company (Figure 1.4-8)

The Advanced Reactor Systems Department (ARSD) Is a part of the Energy Systems
and Technology Division (ES&TD) of General Electric Co. (GE). The General
Manager of the GE-ARSD reports to the Vice President and General Manager of
the ES&TD and is responsible for organizing the resources to carry out such
programs and for developing corporate programs thft will lead to the eventual.
commercialization of Advanced Nuclear Power Programs, Including LMFBR
technology.

The GE-ARSD General Manager conducts review of progress being made on projects
within the department and provides direction and guidance to the Sect ion
Managers reporting to him. He has the responsibility and authority to Issue
Department policy and to establish quality goals and objectives. (See Chapter
17, Appendix I for details of the General Managers' QA responsibility).

The GE-ARSD consists of seven sections and the Legal Operation. Each section
is headed by a Section Manager who reports to the General Manager and is
responsible for an assigned area of responsibility as defined in the following
paragraphs.

Clinch River ProJect Section

The Manager of the Clinch River Project Section Is responsible to the
Department General Manager, GE-ARSD, for performance of work on the Clinch
River Breeder Reactor Plant. Major functional responsibilities related to the
plant include engineering, design and supply of hardware for the Intermediate

)• Heat Transport System, Steam Generator System, Auxiliary Heat Removal System,
Reactor Heat Transport Instrumentation System, Piping and Equipment Electrical
Heating and Control System; and similar responsibilities related to furnishing
equipment which is part of systems by others, specifically - the Secondary
Control Rod System, Secondary Control System Controls, and the Primary Sodium
Pump. Also, Licensing support and Procurement is provided, for all Plant
related activities. In addition, functional responsibilities Include
development and test of prototypes for Secondary Control Rod System, Sodium
Pump, and Sodium Pump Drive System. The Clinch River Project Section Is
comprised of six sub-sections with major responsiblities as identified on
Figure 1.4-8. Support Is provided to the Clinch River Project Section by the
other ARSD sections as required.

Engi neering Section

The Manager of the Engineering Section Is responsible to the Department
General Manager. The responsibilities of the Engineering Section In support
of the Clinch R'iver Breeder Reactor Plant Project include providing analytical
and design engineering services in the areas of structural and thermal
hydraulic analyses, safety analyses, reliability engineering and SCRS Design.
The Engineering Section provides nuclear engineering support primarily related
to the evaluation of critical experiments for the Clinch River Core, and
systems Engineering Support.
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Product Assurance and Services Section

The Manager of the Product Assurance and Services section Is responsible for
ensuring an acceptabl-e level of quallify in all GE-ARSD products and services.
It is the responsibility of Quality Assurance to assure that all technical
activities of the Clinch River Project, Including those performed by sub-
contractors, are consistent with the customer quality requirements and company
quality policy (see Chapter 17, Appendix I for further detail). He also
provides leadership and coordinates development of management systems and
procedures to guide and control all Department activities; and provides.
centralized engineering, technical and administrative support services for the
Department. Services include test operations in support of engineering
development, plant materials, laboratory activities, and experimental facility
design and construction for LMFBR programs. Such activities include work in
support of assigned projects as well as the development of new systems and
components for future LMFBR product lines.

Applications Engineering and Planning Section

The Manager of Applications Engineering and Planning Section is responsible to
the Department General Manager for recommending goals and objectives and
formulating and implementing strategies and action plans relating to the
marketing of current Department services and products and related contract
negotiation and administration and the market development for the Department's

.new. products and services. Applications Engineering and Planning Is-also
responsible for the negotiation and administration of all contractual matters
related to the Clinch River Project. .

Technology and Special Project Section

The Manager of the Technology and Special Projects Section is responsible for
coordinating and directing the overall management and execution of all
projects undertaken by the GE-ARSD wlth the exception of those specifically
assigned to other sections in the department by the Department General
Manager. Similarly, he Is responsible for coordinating the funding, reportlng
and measurement or progress of the department Development Authorizations
(DA's). He provides the primary technical and programmatic Interface between
the Department and the Department of Energy (DOE) and other customer
organizations on projects and related matters. He also provides technical and
programmatic leadership and assistance to the Applications Engineering and
Planning Section on project proposal and contract activities, product
planning, product applications, and market development.

GE-ARSD Legal Operation

The GE-ARSD Legal Operation is staffed by the Department Counsel who Is
responsible to the Department General Manager for advice and counsel ing of

.department management regarding legal implications of contracts and other
arrangements which legally bind the Company. In addition, Counsel
participates with other members of the staff In the general operation of the
business, advises on antitrust, labor, government regulatory, equal employment
and other matters of legal significance. Counsel is assisted by patent
counsel on matters involving patents and data. C)
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GE-ARSD Financial Section

The Manager of the Financial Section is responsible to the Department General
Manager for reporting financial results of the'Department, establishing the
financial policies of the Department and providing financial service and
counsel to the other GE-ARSD sections. In addition, the Financial Section Is
responsible for interpretation of financial contract language, establishment
and negotiation of overhead rates, and development of operating budgets and
long range forecasts of GE-ARSD.

GE-ARSD Employee Relations Section

The Manager of the GE-ARSD Employee Relations Section is responsible to the
Department General Manager for identifying, developing and implementing
relations programs responsive to the Department needs; for establishing goals,
objectives and assuring timely employment of qualified personnel. He also
provides coordination, counseling and direction for all Department components
In relations areas including Manpower Development and Equal Employment
Opportunity and Minority Relations and maintains procedures and records and to
assure compliance with federal and state laws in the areas of fair employment
practices.

1.4.2.5.4 Rockwell International Corporation (Figure 1.4-9)

The LMFBR Program Is being undertaken at Atomics International (Al), a
division of the Energy Systems Group of Rockwell International Corporation.

71 The principal organizational entities directly involved in this program at ESG
)• are described below.

Atomics International Division Vice President and General Manager

The Atomics International Division Vice President and General Manager is
responsiblie for the management of the CRBRP Program and related LMFBR
Programs. Related LMFBR Programs Include LMFBR Base Technology Program
activities and a steam generator development and manufacturing program.
Therefore, the responsibility for ESG's overall performance on the CRBRP is
vested in the General Manager.

LMFBR Programs Director

The LMFBR Program Director has overall responsibility for the LMFBR business
segment, including CRBRP Program Activities, Large Plant Design projects, and
LMFBR Base Technology.

CRBRP Program Director

The CRBRP Program Director is responsible for the management of the CRBRP
Program at ESG. In this capacity, he Is responsible for managing the CRBRP
Program work in accordance with the contract requirements and providingdirection to the functional organizations within ESG for CRBRP development,
design and procurement with exception of the Steam Generator Program.
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CRBRP Steam Generator Proaram Director

I

52

The Steam Generator Program Director is responsible for the management of the
Steam Generator Program at ESG. : In this capacity, he Is responsible for
managing the program-work in accordance with the contract requirements and
providing direction to the functional organizations within ESG for steam
generator development, design, procurement-and fabrication.
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Quality Assurance Director

The responsibil ities of the Quality Assurance Director are discussed In
Chapter 17, Appendix J, Section 2.0,

Research and Eng..neerlng Vice Presldent

The Research and Engineering Vice President is responsible for the management
of ESG's central ized engineering activities. On the"CRBRP Program,
engineering work in support of conceptual design, preliminary design, and
final design is assigned to the Engineering Department. Engineering and
design work conducted by the Engineerl.ng Department includes: Mechanical
Design, Draftting and Checking, Electrical and Control Engineering, Materials
and Process,* Pliplng and Structural Design, Thermal and.'Process systems
Pressure Conponents Stress Analysis, Structural Systems Stress Analysis,
Specifications and Manuals, Engineering Assurance and Data Management and the
verification of design through developmental and acceptance testing.

Operations Director

The Director of Operations Is responsible for the product manufacturing,
material purchasing and warehousing in support of the CRBRP in accordance with
the controlling progriammatic documents. The material purchasing function is
responsible for selecting sources, procurement, subcontract administration,
assuring adherence to work statements, prices and del ivery schedules,
receiving, Inspection, storage, Issuance, payment of Involces, and observing
the performance quality of the articles purchased. The manufacturing manager) is responsible for reviewing engineering and design work performed by ESG to
assure manufacturabIlIty. On the CRBRP Program, as with other programs, the
Manager of Manufacturing Engineering is responsible for conducting on-the-
board reviews, participating In design reviews, and reviewing supplier design
Information to assure component designs can be fabricated and assembled
expeditiously and at minimum cost.

Finance and Administration Vice President and Controller

The CRBRP administration Is under the cognizance of the'Finance and
Administration Vice President. The Finance Controller reports
administratively to the Finance and Administration Vice President and
organizationally to the Al Division Vilce President and General' Manager.
Within the Finance and Administration Organization, the Program Business
Management function Is responsible to the individual projects for assistance
in the budgeting and planning of manpower and dollar expenditure rate; for
maintaining and reporting project costs and remaining balances; for monitoring
and satisfying contractural requirements; for maintaining contract data
control systems; and for providing assistance In preparation of project
schedules. On the CRBRP Program-, Program Admlnistratlon provides the CRBRP
Project management with detailed weekly summaries of manpower expenditures,
monthly cost Information, projection of figure costs at various subaccount
levels, commitment control system reports, and various other reports required
by the Project and the customer.
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1.4.2.5.6 Stone and Webster Engineering Corporation (Flaure 1.4-11)

The construction of the CRBRP is being undertaken by Stone and Webster.
Engineering Corporation :(SWEC) a wholly owned subsidiary of Stone & Webster,
Inc. As general contractor, SWEC will prepare the site, construct permanent
plant structures and install both NSSS and B.O.P. components, systems and
equl pment.

CRBRP Senior Project Manager

The Senior Project Manager for the CRBRP construction effort is a SWEC.Vice
President and is the senior corporate official responsible for SWEC activities
on the CRBRP Project. As Senior Project Manager, he-wil be responsible for

coordinating all SWEC headquarters and field operations required to perform
the construct'ion of the Project in accordance with contract requIrements. He
reports to the President of SWEC and is'thus able to draw upon the required
corporate resources to assure the necessary support for the Project.

CRBRP Deputy Director of Construction

The Deputy Director of Construction Is a SWEC Vice President and the
Construction' Manager of the CRBRP Project, As Construction Manager, he Is
respOnpible for the constructi.on organization and assignment of constructlon
personnel. He participates in establ ishing company-woide SWEC construction
polic ies and procedures. W
CRBRP Project Managers

I Management of the SWEC CRBRP constructlon activities is divided Into two
areas; control and production. Managers of these areas are accountable to the
Senior Project Manager and work directly with the Project participants to
support the Project schedule and budget. The Project Manager - Control is
responsible for establi shing Project construction criteria and determlnlng the
timing of and directing of all Project construction criteria and determining
schedules, estimates and expenditure forecasts. The Project Manager -

Production is responsible for providing the necessary manpower and resources
to meet the construction goals, coordinating with other. groups and for the
qual ity of the work.

CRBRP ProQect Oual ity Assurance Manager

The, Project Quality Assurance Manager Is responsible for assuring that an
adeauate qual ity assuance program Is established, Implemented, and documented
to meet the requirements of. Appendix B, 10CFR50, and RDT F2-2, August 1973,
with Addenda I dated 12/73, Addenda 1.11 dated 3/74, and Addenda Ill, dated
7/11/75,w withIn the scope of the SWEC construction effort. He recelves
quality assurance.guIdance from the SWEC Manager of Quality Assurance in SWEC
Headquarters.
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Senior Site Construction Representative

The Senior Site Construction Representatilve'is in charge of the construction
organization at the site and directs the day-to-day activities. He responds
to the goals set by the SWEC Project Managers and acts under the guidance of
the Deputy Director of Construction.

Superintendent of Field Quality Control

The Superintendent of Field Quality Control is in charge of the quality
.control organization at the site and directs the day-to-day activities. He is
responsible for the implementation of the quality assurance program at the
construction site and acts under the direction of the SWEC Project QA Manager.
Corporate administration, corporate policy, and corporate resource support are

I received from the Manager, Field Quality Control Division In SWEC
Headquarters.

Contract Administrator

The Contract Administrator provides liaison activities related to the SWEC
Contract w Ith DOE reviews contract related material, monitors performance and
provi-des the Interface with DOE on. contractual matters related to construction
site actlvity6 The Contract Administrator acts under the direction of the.
Senior Consýtructlion'Site Representative.

Engineering Liaison

Engineering Liaison is responsible for providing the SWEC Interface In the
'offices of the Archiatect-.Engineer. Acting under the guidance of the Senior
S ite Con'strUction Representative, he is responsible for providing SWEC input
to the design and engineering process and for providing SWEC with timely
Information on engineering and design matters which Impact construction.

Superintendent of Cost and Scheduling

The Superintendent of Cost and Scheduling acts under the direction of the
Senior Construction Site Representative and supervises the project site cost
and scheduling progran to provide coordinated and integrated cost and planning
control necessary for, the completion of the construction effort in accordance
with master' schedules and projected costs.

Construction Administrator

The Construction Administrator reviews design for constructibility and
furnishes technical assistance to the Senior Site Construction Representative
in planning and execution of the construction program with special attention
to areas unique to sodium systems. He is responsible for the daily contact
with the Reactor Manufacturers.



Superintendent of Construction.

The Superintendent of Construction acts under the direction of the Senior
Construction Site Representative and is responsible for Ithe construction of a
complete and operati.ng plant Inaccordance with eng1ieering plans and .
specifications and planned schedules for the least cost consistent with good
quality.

Assistant Superintendent of Construction Engineering

I The Assistant Superintendent of. Constlructlon Engineering acts'under the
direction of the Senior Construction Site Representative and directs all SWEC
Construction engineering activ ities for the Project. He directs and controls
* the distributrion of engineering'documentation, requisitions permanent plan.
materialsand coordinates with Field Quality Control and the Archlitect-
Engineering in the resolution of problems encountered during the construction
phase.

Assistant Superintendent of Construction Services

The Assfstant Superi ntendent of Construction acts under the direction:of the
Seni-or Construction Site Represeontativel and I s ,responsibIe for provldin"g the
personnelI purchasi ng, account ing and of fice serv ice functions necessary to
support.-, the, construction :effort so that it may proceed, in accordance with
plans and specifications and according to schedules and budgets*.

Safety Supervisor

The Safety Supervisor acts under the direction of the Senior Construction Site
Representative and is responsible.for the administration .of the construction
site safety, accident, and f Ire prevention programs, ensuring adherence to
Federal, State, and Local safety regulations andfire ordinances and the SWEC
safety program.

1.4.3 INTERRELATIONSHIPS WITH CONTRACTORS AND SUPPLIERS

PMC has contracted with Westinghouse Electric Corporation, acting through its
Advanced Reactors-Divislon (ARD), to~perform the function of Lead Reactor
Manu"facturer (LRM) for design, manufacture, and provision of test suIpport for
the Nuclear Steam Supply System (NSSS) for the Clinch River Breeder. Reactor
Plant. Westinghouse also has RM responsibilities and has subcontracted with
.General Electric Company Energy Systems. and Technology Division and .Rockwell
International (Atflics International Division, Al) to provide the design and
manufacture of certain systems .for the NSSS. PMC has assigned the
-administration of its contract with ARD to DOE.
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PMC has contracted with Burns and Roe, Inc., to.provide.the architect-engineer
services required for the Project. Burns and Roe has.subcontracted with Law
Engineering and Testi.ng Company to carry. out Investigatiins to determine the
suitability of the site geology In support of foundation designs for permanent
structures. Burns and Roe also has a subcontract wlth.Holmes and Narver, Inc.
to provide services in liquid metal engineering technology. PMC has assigned

45 the administration of Its contract with Burns and Roe, Inc. to DOE.

45

PMC has contracted with Westinghouse Electric Corporation to provide services
needed In the preparation of the Environmental Report for the Project and to
perform certain other associated tasks. PMC has assigned the administrat.i-on
of its contract with Westinghouse to DOE.

PMC has contracted with Stone & Webster for the construction of the plant.
Stone. and Webster may subcontract portions of the work to others, PMC has::
assigned the administration of its, contract with Stone.and Webster Engineering
Corporation to DOE.

451 The DOE provIdes R&D information In support of the CRBRP Project through its
LMFBR base technology programs being carried out by Its-national laboratories
and contractors. A description of related base technology programs is
provi ded ln,. Section 1.5.
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1 .4A GENERAL QUALlFIICATION-'REQUIREMENTS OF CRBRP PROJECT PARTICIPANTS "7
The genera.I qU-iatiif i cat Ion requirements for key-positions in the management

organizatlons -of--the :;CRBRP Project Off'ice;ýand :its chief contractors are
descrlbedAin the.fol~l:ow~i'ng sections: -

1.4.4.1 CRBRP.Proiectý: Of f Ice- Organlzation..

The .general qual if.ication requirements, for key ,posltions in-the CRBRP Project,
Office are Identified by .ProjectfOffice Divisions.

Project Director's Office

Qua l i f Lcat I onm'req u I rements for the; Project' Director Inc lude a broad know I edge
of engi:neeroing and construction theory, technology, systems.., components, and',.
appl icatýi.ons. wi .th: patticular emphasis on the, deslgn, development construction,''
and operation of large advanced, complex, first-of-a-kind facilities.: Such
knowledge must be sufficient to permit the formulation of broad programs
encompassing-;unIque ,studiUesý. and projects that wl I IIsubstantIally advance the
appl!;.Icat iVon ,-of ;technology to competiti-ve .i:ndustrial ..oper at Ions,.

*This broad knowledge of engineering technology shall be sufficlent-to-permit
authoritative technical judgements on concepts, proposals and experiments that
wil I have the effect of determining major directlon In program activities.
This knowledge would be evidenced by: (i)-degree and advanced study In
metallurgy, mechanical engineering, chemical engineering, thermodynamics; (2)
by many years of progressively responsible experience in design, development,
operation .and testing programs of large, first-of-a-kind facilities; or by (3)
a combination of items one and two.

Deputy Director

Qual ification requirements Include a broad knowledge of engineering,
Instruction, office contract administration which is evidenced by at least a
B.S. degree in a scientific field and many years of responsible experience in
project and contract administration.

Assistant DIrector

Qualification requirements Include ten years of professional experience
Including five years in a technically-oriented field, two years of supervisory
experience of groups of more than ten people, and one year of experience with.
total responsibility for the conduct of a specific operation or program. A
minimum of a B.S. degree or equivalent in a scientific field is required.

Executive Ass i stant

The minimum qualification requirements are eight years experience in the
supervision of technical activities, including three years experience in
personnel acquisition and evaluation functions and office administration 25
functions. He must be capable of working effectively and cooperatively
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with department heads within the Project, with other Project participants and.
with the publi ic. The minimum educationrl requirement is a B.S. degree In a
scientific field with experience in the design, maintenance or operatiori. of
electric generating stations.

Constructlon Dlvlsilon

Assistant-Director for Construction;

A minimum of fifteen (15) years of progresslve-experience and responsibillity
In the planning, management, and supervision of all phases of contract
construction efforts Is required with major emphasis on heavy construction and
complex mechanical systems. He must have a thorough knowledge of contract
administration particularly with respect to cost reimbursable contracts and
must have a Bachelor's degree In engineering.

Engineering DlviLIon

Assistant Director for Engineering

The qualification requirements.include a broad knowledge of engineering and
construction, both nuclear and conventional, with particular emphasis on the
various phases of design, procurement, fabrication, construction, testing, andp operation. He must have 10 years experience demonstrating progressively more
responsible assignments In reactor design, research, development, tests and
evaluations and in power plant design, construction, maintenance and
operation. He must also have knowledge of the'entire reactor development
program, utl1:ity systems, and major problems besetting the adoption of reactor
systems for the economic production of power. He must have the capability to
effectively organize the efforts of several technical organizations to perform
timely and responsible reviews, evaluations, and work, and maintain close
liaison and communication with all participants. A minimum of a Bachelor of
Science degree In a scientific field is required.

45 Public Safety Division

Assistant Director for Public Safety

The qualification requirements Include a broad knowledge of the LMFBR
technology as it applies to safety, reliability, nuclear safeguards, and
environmental concerns. A broad knowledge of licensing procedures for nuclear
facilities is required with five years experience in supervision of a
technical staff. A Bachelor of Science degree in an engineering or scientific
field is required.

I
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©)Operations Divislon

Assistant Director for -Operations

Minimum qualification requirements include-eight years of practical training
and experience In the operation and-maintenance of a Steam El.ectrical
Generation Plant, including a minimum of three years experience in a nuclear
power plant. Famil iarity with the CRBRP design and the theory upon which Its
operation Is based Is required. A Bachelor of •Science degree In electrIcal,
mechanical, or chemical engineeri.ng ,is desIrablIe.

25
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Quality Assurance Division

) Assistant Director for Quality Assurance

I Qualification requirements for the Assistant-Director for Quality Assurance is
contained in Appendix A,Section 1.4.1 ofVChapter 17. ,.

Procurement Division

Assistant Director for-Procurement

The qualification requirements include a broad knowledge of laws and
regulations applicable to Government contracting, procurement, property
management, and. traf f Ic management f unctlbons. He must have a ýmlnimum of f ive
years%-experience in contract admlfnistratlon and negotiations •:involving supply,
construction, engineerilng, and R&D contracts and-a Bachelor's degree with
emphasis in business related subjects such as economics, business
administration, accounting, law, and public administration.

Project Control Division

Chief of Pro iect Control

Minimum qualification requirements Include ten (10) years ,experience ,In the
instal lation, operation, and maintenance of :management I control systems for
research and development projects or,'programs. This experience should cover
cost and schedule controls of contractors; financial control~s; contracts;
analysis of reports; and interfaces with ERDA Headquarters.. A Bachelor's
degree In Business Administration or Engineering i.s required.

FinancIal Management Division

Chief. Finaficlal, Management

The qua I Ificatiofn req ui rements Include a knowledge of the-theories -underlying
general' accounting, Industrial cost accounting, construction accounting, and
government fiscal accounting sufficient to,.advise :and :assýi st contractors :I n
the establishment and maintenance of accounting systems.

KnowI edge- of auditing- principles and- practices adequate to. plan :and direct -a
program of exam'inations of- the financlal transactions. and business practices.
of contractors..

Knowledge of the principles, theories and techniques of budget administration
and analysIs required in budget preparation and review of actions proposed or
taken in the day-to-day execution of the budget.

To meet these requirements, an individual would normally have a university
degree (accounting major) and 15 years experience in government, industry and

Ik public accounting.
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1.4.4.2, Westinghouse - ARD - LRM Organization

There are no specific qual ification requirements identified for the management
positions In the Westingh'ouse.- ARD Organizati.on except as def ined In
Appendices D and H of Chapter 17... However, the capability of their personnel
is demonstrated by the experience and qual ifications summarized in the
fol lowing paragraphs.

Over 400 ARD professionals are working directly on CRBRP. Approximately.100
of these are ,in management positions.

Essent ial ly 100% of 6al professionals involved.in the Project have Bachelor's
degrees and approximately 40%. have .advanced degr.ees.. The average professional
has over seven years, experience In LMFBR. rel ated work. Approximately 506%"o.
the managers have, advance.d-degrees and the average manager has approximately
12 years of experience. In LMFBR related work.

The Bachelors and advanced degrees held by the professionals .blanket the
following fields:

Chemistry
Chemical Engineering
Civil. Eng,lneerting
Et ectr I ca I/EI ectronics, Engi neer I ng.
Industr~i al/Manuf act"uri ng EngIneeri ng,

-.Mechan icalI Eng ineer-ing

Materials Engineering
Nuclear Engineering .
•Physi cs

ARD utilizes consultants and specialists from other Westinghouse divisions
whose background and experience are required for Independent design reviews,
ASME code expertise, manufacturing engineering, metallurgical problems,
stress/thermal/inelastic/structur, al analysis, and safety related activities.

1.4.4.3 Rockwel I -nternational: Corporatlon .

There are no specific qualification requirements Identified for specific
management positions at Atomnics International :(Al),,a division of the Energy

521 Systems Group of Rockwell Internatlonal. Corporation except as deflned In
Appendix J of Chapter 17. However, the capability of their personnel Is
demonstrated by the experience and qualifications summarized In the following
paragraphs.
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There are nearly 30 managers and cognizan t engineers assigned to the CRBRP
program at Al. These people are supported In their activities by many
disciplines and skills In o+her departments at:ESG. However, as an
indication, the following statistics•are provided for these lead Individuals.

The individuals have an average of-nearly 17 years In the nuclear field; they
have an average of Over 13 :years experience -In lquId metal technology. All
of the Individuals have Bachelor's degrees, and over 50% have advanced
degrees. The disciplines of degrees held Include the folltowing:

Mechanical Engineering
Electrical Engineering
Civil Engineering
Chemical EngIneeri ng'"
Chemistry
Physics
Radiological Physics
Control Systems Engineering

1.4.4.4 General El ectrlc Company- (GE)
GE has no. pre-determined setsof quaification requirements for management

positions at Its Advanced Reactor Systems Department (ARSD), with the
exception of the managers within the.Quality Assurance Section (ref. Ch., 17,
App. I). Rather, an evaluation of the requirements is made when a position
becomes- open andthe best qualified- candIdate Is sought to fill it,

Nearly all of the management level personnel have'at leastý Bachelor's degrees
In disciplines appropriate-t' totheir areas.of responsibility, and about half
have advanced degrees.

For those situations where the technical, expertise does, not. exist w.iwthIn the
department '6r where an independent assessment may be desired, specialists and
consultants from other divIsi ons' within GE: are avallable to' provlde such
assistance as may be requi red.: Out'side specialists s and consultants are
utilized under some circumstancesi-ncluding personnel 'from other part•icipants
on CRP when appropriate.

1.4.4.5 BURNS AND ROE. INC. - BREEDER REACTOR DIVISION

Specific qual if icantionrequirements. at the Breeder Reactor Division of Burns
and Roe, Inc. are described for key positions Identified and described In'
Section 1.4.2.5.2.
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Breeder Reactor Division Vice President

A minimum:of 15 ýyears of progresslveresponsibil i ties In the management and
supervision of allI phases of engineeri ng :efforts is requi.red with primary
emphasis in the nuclear field. He must have a working knowledge of the
corporation's resources andalso have a Bachelor's degree in Business and/or
Science with additional education and/or tramning in nuclear technology.

CRBRP Project Manager

A minimum of 12 years of progressive responsibillity. for the management and
supervision of technical efforts is essential, with primary emphasIs on the
development of nuclear power plants. He must have at ieast a Bachelor of
Science degree and education and training in nuclear reactor technology with
some training In Business Administration or Management preferred.

Assistant Pro iect Manager

A minimum of 8 years experience in progressively responsible positions for the
management and/or supervision of technical efforts primarily In nuclear power
plant technology. He must have at least a Bachelor's degree In Science or
Engineering with some training in.; business adm Ini stration or management.

Contract Supervisor

A minimum-,of 5 years of practical,: contract administrati-on experience I n the
administration and negotiation of government and/or commerclal contracts and
pos sess a knowledge of federal procurement regulations and, pol icles. He must
have a Minimum of a:Bachel ,Or's degr in Busi ness Administration or
Engineer I ng.

L Lcensi ng and Environmenta! Manager_,

A mlnimum of 5 years experlence in supervision of nuclear power plant
licensing and/or engjneering jsrequired. At least a Bachelor of Science
degree with .education and training, I n nucl ear reactor technology is required.

Pro ject Operations Manager

A minimum of 8 years •f experience is required in the management of technical
efforts with-a detailed knowlýedge ,of project.management techniques. He must
have at least a Bachelor of Science degree with education in management
principies.

Procurement Manager

A minimum of 8 years of practical procurement experience In the negotiations
and administrations of government and/or commerical contracts and possesses a
knowledge of federal procurement regulations and policies. He must have a
minimum of a Bachelor degree In Business Administration.
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Quality Assurance Manager

The minimum requirements for the Quality Assurance Manager are shown In
Section 17E 1.4..1. .

Pro ject Office Resident Manager

A minimum of 5 years of progressive responsibilI1ty, for:the management and:
supervision of technical efforts with primary emphasis In nuclear technology.
He must have at least a Bachelor of Science degree or equivalent experience
and education and trainingi.Ln nuclear reactor technology.

1.4.4.6 Stone and Webster Engineering Corporation

Specific qualification requirements at Stone and Webster Engineering
Corporation are Identified for key positions Identified and described in
Section 1.4.2.5.6. For all the qualification requirements, In lieu of a
degree, equivalent qual if ications may be substituted based on other
educational accomplishments, experience In related fields and technical
achievements, such as holding a license as a Professional Engineer or
Certification as a Quality or Reliability Engineer by the American Society for
Qua lity Control.

rn CRBRP Senior Project Manager

A minimum of ten years of progressive responsibilities in the supervision and9, management of various phases of engineering, construction, and/or quality
assurance efforts is required, with primary emphasis in the nuclear power
plant-field. He must:have a working knowledge of the Corporation's r sources
and also have a Bachelor of Science or Arts degree with additional and/or
training In power plant technology.

CRBRP Deputy Director of Construction

A minimum of ten years of progressive responsibilities In the supervision and
management of heavy construction projects, with emphasis on the construction
of power and/or process facil ities. He must have a working knowledge of the
Corporation's resources and also have a Bachelor of Science or Arts degree.

CRBRP Pro iect Manager

A minimum of ten years of progressive responsibility In the management and
supervision of technical efforts is essential, with emphasis in the nuclear
power plant field. He must have a Bachelor of Science or Arts degree, with
additional education and training In management and power plant technology.

I
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CRBRP Project Quality Assurance Manager

A minimum of ten years In quality assurance and related fields Including
manufacturing, construction, and/or-installation activities. At least two
years of this experience shall be associated with the nuclear field in either
field or headquarters project quality assurance assignments. He must have a
Bachelor of Science or Arts degree.

Senior Site QonstructionRepresentative

A minimum of five years in responsible assignments in field engineerlng and
construction activities, with emphas:is in the construction of power and/or
process facilities. He must have a Bachelor of Science or Arts degree.

C)
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1.5 REQUIREMENTS FOR FURTHER TECHNICAL INFORMATION

As a first-of-a-kind plant, it is to be expected that there is a
significant quantity of technical information which has yet to be established.
Much of this concerns the proving of the design by component life tests, or
tests to establish the data necessary to verify the performance of various design
features.- This section discusses the programs for obtaining necessary .technical
information to give assurance of the capability of safety features or com-

411 ponents to perform as intended. These programs represent all the technical
information development activities necessary to support licensing of the
CRBRP. To arrive at the programs described in this section, all safety
related systems and components were systemically examined to determine if
further development activities were required to support their design. The
following criteria were used to determine those safety-related systems and
components which need not be subject to Project initiated development
programs.

* Directly applicable operating experience or experience which
is judged extrapolable to CRBRP conditions.

0 Existence of accepted and applicable codes and standards

e Necessary information will be provided by on-going programs
without modifications on a time scale compatible with
CRBRP schedule.*

, 411 The remaining programs are presented in the following two groups:

Section 1.5.1 covers the information required to demonstrate the
adequacy of a new design. Included in this section is information concerning

261 the Secondary Shutdown System, the Direct Heat Removal Service, radial'
blanket failure threshold and Sodium-Water Reaction Pressure Relief System.

41 *For example, FFTF fuel technology (Ref. 1) has been extensively utilized
in the development of the CRBRP fuel assembly and fuel rod designs.
However, CRBRP design and operational variations have required additional
design verification tests as described in Subsection 4.2.1,..4.1. In the same
manner, the LMFBR fuel development program summarized in Subsection
4.2.1.3.1.3 (Irradiation Experience) will be reviewed as the CRBRP steady
state and transient operating conditions evolve. When necessary, additional
testing has been planned to support CRBRP cladding integrity limits,
fuel assembly design bases and performance predictions..

41
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.0*
.,Section 1.5.2 treats the information relating to the margin of

conservatism of proven designs. Presented in this section are programs
directed at confirmation of the extremely low probability of a massive failure

411 of the in-containment sodium boundary. Also-included in this section are,
programs verifying the conservatism provided by the inlet plenum, the
core restraint system, the reactivity control,-the source range flux
monitoring and the ex-vessel transfer machine design.

411
A listing of the areas requiring further technical.'

be discussed in the following sections is contained injTable

1.5.1 Information Concerning the Adequacy of a New Design

information to1.5-1.

C)
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e Specification of numerical availability goals and supporting
rationale for the two shutdown systems.

@ An initial assessment which shows that the reference design will
meet the specified goals.

* Issuance of an initial draft of a Reliability Manual describing
the methodology to be used in the program.

* A Failure Modes and Effects Analysis of the shutdown systems and
pertinent interfaces.

* Preliminary test planning to provide the basis for confirming
system availability.

Additional details of work completed or planned is provided in Chapter 7
(Section 7.2.2) and Appendix C.

This confirmation of the reliability is to be provided in the program,
by both planning for, and ensuring that reliability requirements are met in
the design of the shutdown systems and all interfacing components, and also
by confirming the reliability of the final design by test and
analysis. All of these functions are to be performed concurrently and
iteratively.

The program is a balanced effort of analytical assessment,
proof testing, and component and system testing to provide adequate data
for system reliability evaluation. Common-mode failures will be
identified by a Failure Modes and Effects Analysis (FMEA) supplemented
by a Fault Tree Analysis (FTA). Understanding of common-mode failures
will be sought by considering functional dependency, parts of similar manu-
facture, environmental causes, operating and maintenance errors, input and
interface parameters, and failures induced by a preceding failure. The
analytical program is also designed to suggest remedies for identifiable
common-mode failures.. These include design diversity, diversity in component
fabrication-procurement sources, enhanced testability, reduction in the
conditional probability of common mode failures after a casual event has
occurred, and stringent procedures designed to eliminate human error in the
design, analysis, operation, and maintenance of the CRBRP shutdown system.

The program will extend over 8 to 10 years with most activity in
years 2 to 6, as shown in the schedule of Section 1.5.1.1.3.' The later
work is devoted to long term testing and updating of reliability estimates
from data as it is produced. The program utilizes project design experience,
disciplined engineering design practices, and reliability techniques, to
demonstrate that shutdown system reliability goals are met. Reliability
methods used in the program will be published as a manual, complete with
examples and guidelines for their use. These include: procedures
for model and success-failure criteria development; methods for
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reliability'analysis and code development under the appropriate
duty cycle conditions; and procedures for the collection and utilization of
data from both the CRBRP and other relevant programs.. (See Appendix C) Adata bank for general use in LMFBR reliability studies will be developed during (}the program and include:

a,) Shutdown systems operating and development experience

b) Generic failure rate data

c) Vendor experience

d) Fast-Test Reactor (FTR) experience

e) National Aeronautics and Space Administration (NASA) and
military reliability program experience.

A-central Reliability Group monitors and evaluates the various tasks and
provides overall guidance for the program to ensure balance and consistency
of approach. This provides the close integration with groups such as Design
and Test Operations that is necessary to carry out the program effectively.
Specifically, feedback from analysis to design is a prime objective of the
program..

A more complete and detailed presentation of this program and its
rationale is given in Appendix C (Section C3.1.2).

The program for confirmation, verification and assurance of
reliability includes the following closely integrated approaches:

I. Reliability.Analysis

Two approaches to reliability analysis are being utilized:

A. Qualitative analysis-to establish the fault lines leading to
potential failure; to identify the potential for common
mode failures; and to establish system failure mode analyses
to identify single failure points within each system.

B. Quantitative analysis and procedures-to perform sensitivity
analyses; to define reliability goals for subsystems and
components; to iteratively perform updated rel.iability
evaluations of components, subsystems and systems; to provide
bases for test programs and interpretation of test results;
to define a priority listing of component subsystem and
system improvement areas.
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The following elements are included in the program:

p. Analysis

Initially, sensitivity studies using the preliminary shutdown
reliability model have been used to allocate an initial set of subsystem and
component reliability goals for use in preliminary design work. Failure
Mode and Effects Analyses (FMEA), qualitative Fault Tree Analyses (FTA) and
Common Mode Failure Analyses (CMFA) will be used to identify the failure modes
which result in failure to shutdown. Common-modes of failure and a single
failure point listing will be developed.

On the basis of the above qualitative analysis, and data available
from the data bank including CRBRP test programs to be described below,
quantitative shutdown reliability predictions at system, subsystem, and
component levels will be provided using the models and codes developed in-the
task below:

Analytical Models

Reliability block diagrams of the subsystems and components that
affect shutdown reliability have been evolved. Preliminary mathematical
models depicting the reliability of the shutdown system have been developed
which incorporate parameters representing the initial reliability duty cycle
and reference maintenance and repair intervals. A manual has been prepared
to provide a comprehensive set of reliability methods, complete with examples
and appropriate training programs, for project-wide use. Initial activity,
has concentrated on developing analytical and test planning methods for
preliminiary scoping design activities. These include: procedures for manage-

) ment of the program and guidelines for model and success-failure criteria
development; methods for qualitative and quantitative reliability analysis and
code development under the appropriate duty cycle conditions; and procedures
for the collection and utilization of data from both the CRBRP and other
relevant programs.

As the CRBRP design matures, the preliminary shutdown reliability
model will be updated to incorporate: current Plant Protection System test
interval specifications; plant component maintenance procedures; and the
results of sensitivity studies. Updated reliability model codes, validated
against test data, will be available for project-wide use.

Reliability Envelope

Reliability goals for each shutdown system have been defined by the
unavailability (average probability over the test interval that the protection
system is in a failed condition at the moment of challenge) of the protection
system to respond to plant transient which, without scram, could
result in a loss of coolable geometry. The challenges against which the
protection system must operate are identified in Chapters 7 and 15, and the
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plant duty cycle is covered in Appendix B. The transient events and the
envelope of conditions (pressure, temperature, loads associated with these
events) that can directly affect the reliability of the shutdown system will1
be defined. Using probabilistic methods, thermal, hydraulic, nuclear effects
and environmental data will be calculated for"those items which are critical
to safe shutdown of the reactor. From these probabilistic loads and environ-
mental data the duty cycles will be'developed for use in the reliability
analysis of components and subsystems.

II. Test Program

The test program will provide the relevant data necessary to confirm
the overall CRBRP shutdown systems reliability when this data is integrated.
by the reliability analysis with other sources such as existing component
and part data, and FFTF and CRBRP design verification testing. The test plan
will provide a well-balanced combination of tests .involving varying levels of
component, subsystem and systems tests of primary and secondary shutdown
systems electrical and mechanical hardware. The components and'subsystems
which will have been tested in the early phase of the program, will be
integrated to form a system. The Systems Test program will permit simulation
of primary sensor environments to demonstrate the capability of all of the
various components to satisfy the shutdown system performance requirements.
Abnormal conditions will be simulated in various portions of the subsystems
to further demonstrate acceptable systems performance.

The subsystem and systems tests permitan empirical, search for
common-mode and single random failures to complement qualitative failure mode
and effects and fault tree analyses to be performed as part of the design
and its review process. 'J.

Special tests will be performed under abnormal conditions to verify
the absence of common-mode failure mechanisms. These tests will be designed
to induce potential common-mode failures related to,

a) internal and external environments

b) design deficiencies

c) functional deficiencies

d) operating and maintenance deficiencies

These special tests will not be statistically oriented but the results may
be combined with subsequent analysis to numerically assess the potential for
postulated common-mode.failures.

10
1.5-7



The results from all phases of the test program will be transmitted
to the shutdown systems design and reliability groups of all organizations
involved. The data will be used continuously to update the individual com-
ponent and overall system numerical reliability assessment. The planned
reliability assessments are coordinated with component and plant schedules.
Where significant and necessary reliability can result from design changes
that become apparent from conduct of tests, these design changes will be
made and testing performed, as required, to substantiate reliable performance
of the changed design. In summary, those tests described in the following
sections will be planned to derive the maximum amount of data related to
component, subsystem and systems reliability in a time span compatible with
CRBRP design, fabrication, construction, and licensing activities.

Details of the Components and Subsystem Tests which are currently
being planned and evaluated are given in Tables 1.5-2 and 1.5-3. The tests
in Table 1.5-2 are a mixture of design verification and the reliability
testing, both of which will contribute to a reliability assessment.

Component Testing.

The purpose of the components test program will be to verify the
qualitative reliability of critical primary and secondary system components,
and to provide early detection of potential design and manufacturing
deficiencies. The data will primarily provide verification that common-mode
failures will not be introduced via design deficiencies at the component
level. The components test program will also provide early feedback to the
design process and will influence the specific direction of the subsystems
testing. The selection of hardware to be tested and the test duration will
be based on importance to successful scram operation. The required test
hardware will be procured and testing will be initiated early in the program.
Examples of components planned for extensive tests include: the control rod
drive mechanisms, driveline and control assemblies, latches, and solenoid
val ves.

Refurbished parts will be used as required to extend the test life
of a single test component and to ensure relevant reliability data for the
reactor system where feasible. The same philosophy will be used in
refurbishing individual subsystems, at each level of testing.

The component testing program will include the following:

Primary Shutdown System

a. Control Rod Drive Mechanism testing in argon or air with
typical temperature to determine probability of failure of
rotor to release the lead screw.
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b. Driveline/Control Assembly testing in sodium at prototypic
temperatures with various misalignments and bowed ducts to
determine drag forces and ability of driveline to meet scram
performance requirements.

c. Impact testing of Control Assembly ducts after exposure to
radiation and sodium environments in EBR-II.

d. Control Assembly testing in wafter to determine drag forces,
vibration effects, and flow splits as a function of assembly
bow with corresponding effects of bow in scram performance.

e. Accelerated life tests and cyclic testing of control rod
system scram breakers to determine reliability problem areas
under prototypic operating conditions.

2. Secondary Shutdown System

a. Testing of scram valves, cylinders, coil 'cords and latches to
determine the:reliability problem areas under prototypic
operating conditions.

b. Testing of reference design dampers in sodium and water to 0
verify satisfactory performance of dampers.

Additional items will be included in the above if necessary as the

testing and analysis programs progress.

Subsystem Testing

Sybsystem testing will be directed toward obtaining significant
amounts of pertinent reliability data related to the operation of the various
components or subassemblies combined to form a subsystem. The need to
reproduce interaction effects such as misalignment, bowing, fully prototypic
sodium flow environments, and mechanical and electrical system interactions
will be evaluated so that common-mode failure information can be acquired
during this phase. The results of the initial reliability assessment and
component test program will be utilized in subsystem test planning phases.

1.5-9 Amend 39
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The subsystem testing program will include the following:

1. Primary System

a.. Testing of control rod drive mechanisms., drivelines, control
assemblies, controllers, electrical interfaces and the primary
rod drive power system at prototypic sodium flow, pressure and
temperature conditions. Testing includes determination of
effects of misalignment, number of scrams, dwell time, travel
and start-stop cycles on scram performance.

b. Testing of the sensors, signal conditioners, comparators, logic
train, couplers and scram breakers under thermal cycling and
long hold conditions on the performance of the equipment.

2. Secondary System

a. Testing of integrated mechanical subsystems including drive,
latch actuator, driveline latch, and control assemblies under
prototypic sodium flow, pressure and temperature conditions
utilizing straight and bowed ducts. Testing includes thermal
cycling, long holds and life cycling testing.

Additional items will be included in the above if necessary as the
testing and analysis programs progress.

*• Systems Test

The primary purpose of the full systems test phase will be to imple-
ment a disciplined search for common mode failure potential in all phases of
operation of the Primary and Secondary Shutdown Systems that can be simulated
without an actual in-reactor radiation environment. Another objective is
to provide a continuation of data accumulation already initiated in the sub-
system tests. Output from the system tests will also include trend data
which can be compared with similar data obtained from CRBR operation, and
can be used to provide early warning of deviations which could lead to system
malfunction since the systems test is designed to operate in advance of CRBRP
with a 2-3 year lead time. In addition, the testing and improvement of
installation, checkout, maintenance, surveillance and operating procedures
will be possible. The number and types of control rod components, interface
requirements, degree of simulation and duty cycles to be imposed will be
factored into the facility design. (See Appendix C)
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CRBR Plant Testing

Pre-operational shutdown reliability testing will.be performed on
all installed components and subsystems after initial installation but before
fuel 1loading. After fuel loading additional testing will be performed to
verify component operation with regard to.shutdown capability. A program
wil.l be developed for testing following initial startup including shutdown,
refueling and startup operations with consideration to items such as component
test interval, to assure maximum shutdown system reliability. A procedure
will be established for collection and rapid diseminationi of data regarding
incidents or problems effecting shutdown reliability encountered during plant
operation or testing.

Ill. Data Collection

Data base development is essential as a source of dependable input
for reliability assessment. Existing data forms the basis upon which design,
development and testing decisions are made.

A comprehensive program has been initiated for the collection of
reliability data from programs other tha'n CRBRP; for the establishment of a
CRBRP data bank; for the collection of abnormal operating experience and
maintenance problems from all types of reactors.

Computer codes will be adapted or developed for the storage and
selective retrieval data from both the CRBRP and other applicable programs-
such as:

a. Shutdown system operating and development/reliability experience 0
directly applicable to CRBRP.

b. Generic failure rate data

c. Vendor experience

d. FTR experience

e. NASA and military reliability program experience

IV. Design

This program is intended to ensure that reliability requirements are
incorporated in the design process, which include the results of qualitative
and quantitative analyses and of test programs into the design. The elements
of this part of the program are:
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Component Design

Preliminary component design is based on state of the art, FFTF
experience and output from preliminary reliability analyses such as FMEA
and FTA. Follow-up design revisions will be made to incorporate the results
of detailed rel~iability analyses and associated testing efforts as required.

Impact Upon System Design Descriptions (SDD) and Engineering Specifications
(E-Specs.)

A significant program activity is the review of all CRBRP SDD's for
the purpose of identifying those subsystems and components which will affect
shutdown reliability.. Initial reliability goals have been established for
each shutdown system and the initial allocation of these goals to the
electrical and mechanical portions of each shutdown system have been defined.
On the basis of these goals reliability requirements for the systems are
established. Reliability allocations within the various subsystems will
be performed by the responsible design groups. Where appropriate, these
reliability requirements are being included in system SDD's. and in component
equipment specifications by procedures established within the CRBR Project.

Monitoring, Operating and Maintenance Procedures

A review of the shutdown systems and plant maintenance procedures
will be performed to identify those areas that could have an effect on
shutdown reliability. Procedures will be modified to minimize the potential
for maintenance errors and preliminary preventi~ve maintenance tasks will be
identified. This information will then be utilized to prepare procedures for
the system tests facility as part of the overall system verification plan.
The system test facility will in turn provide feedback concerning the adequacy
of maintenance procedures which will result in an update of the CRBRP
procedures.

The second portion of this task will be the identification of
potential trend data that can be used to initiate preventive maintenance
for improvement of shutdown reliability. Surveillance procedures will be
updated utilizing test data from subsystem and system tests.
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1.5.1.1.4 Criteria of Success

The reliability program will assure through testing and analysis that
the probability of loss of coolable geometry is lO- 6 /reactor year or less.

1.5.1.1.5 Fallback Positions

In the unlikely event that the shutdown reliability program fails to
confirm that the overall reliability of the complete CRBRP shutdown system
is sufficient to preclude failure to scram concurrently with a plant transient
as a design basis accident, components of the shutdown system will be
redesigned as necessary to improve reliability. Should redesign be
ineffective or inappropriate, the fallback position is the adoption of
core disruptive accidents into the design of the plant.

1.5.1.2 Shutdown Heat Removal Systems and Structural Reliability Program

1.5.1.2.1 Purpose

The purpose of the Shutdown Heat Removal Systems and Structural
Reliability Program is to confirm, in combination with the Shutdown Systems
Reliability Program, that loss of in-place core coolable geometry will be of
sufficiently low probability under-plant transients that a core disruptive
accident is not an appropriate design basis event. The combined programs
will include all plant hardware and events the failures of which are potential
initiators of a core disruptive accident. The Shutdown Heat Removal Systems
and Structural Reliability Program will specifically include those components
whose failure would lead to lack of adequate core cooling following shutdown.

1.5.1.2.2 Program

This program is in place and is undertaken jointly by Westinghouse
and General Electric Company.

The hardware which is covered in the program will include primarily
components directly involved in post-shutdown energy removal, both reactor
decay heat and stored sensible heat. The equipment covered will be the
primary and intermediate sodium loop components, the overflow heat removal
system, the steam/water system components (including the steam generator
auxiliary heat removal system), and the reactor vessel with its support
structure.

The program includes development of reliability methods specifically
needed for this program, qualitative and quantitative analysis of the com-
ponents and systems of concern, failure related data collection, and testing
to establish an acceptably low probability of failure which could lead to a
core disruptive accident. A more complete and detailed presentation of this
program is given in Appendix C (Section C3.2).
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Methods Development

Although the lead effort in producing a reliability methods and
procedures manual is being undertaken-under the Shutdown Systems Reliability
Program (Section 1.5.1.1), methods and procedures uniquely required for the
reliability analysis of heat removal systems components will be developed
under this program. One major procedure will be one to guide reliability
analysis of components designed and fabricated to ASME Boiler and Pressure
Vessel Code Section III and related' high temperature Code Cases. The intent
is to make maximum utilization Of the existing Code related analytic results
for reliability assessment and to improve the failure-assessment capability
of high temperature structural analysis. The extensivve
Code-related structural analysis, which-will necessarily be accomplished for
all Coded components, be utilized to the maximum extent possible in the
reliability assessment. A second procedure will be development of a plan of
analytic attack in assessing heat exchanger reliability, particularly as
regards leak causes and effects. Structural, thermal, and chemical effects
will be considered. Further specific methodology may be required for pumps
and'valves, which play.key roles in the dependable operation of the heat
removal systems. The results of these method development activities will. be
incorporated into the overall Reliability Manual being developed under the
Shutdown Systems Reliability Program.

Reliability Analyses

An early analysis task-is a combination of preliminary component
.and systemreliability estimates. and appropriate apportionment of the overall
reliability goal among the components.and systems covered in the program.
The reliability assessment will be upgraded as analytic and test results
improve the quality of the assessment and provide feedback to the design.
The apportionments likewise will be periodically modified in a dynamic,
iterative process. The reliability assessments will be based on:

1. Plant duty cycle description...

2. Estimated lifetime of each component of interest

3. Frequencies of external events affecting requirements and
performance of heat removal

4. Interface with other plant systems which could affect
requirements and performance of heat removal systems components.

5. Man-machine interfaces (operation and maintenance personnel
and their relationship to plant equipment).

Other appropriate bases will be included as they are identified in the
continuing program.

0
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Detailed qualitative analyses will consist of Failure Mode and
Effects Analysi.s (FMEA), Fault Tree Analysis (FTA), and Common Mode Failure
Analysis (CMFA). The FMEA will be completed by component design engineers,
monitored and assisted by the reliability specialists. Reliability engineers
will participate to a greater extent in the FTA and CMFA, although design
engineers will continue direct involvement because of their unique understanding
of the component and system designs.

Detailed reliability assessments at several levels of refinement will
be performed with emphasis on those items which tend to dictate overall system
reliability. The selection of items for detailed study will be decided jointly
between design and reliability personnel based on the qualitative:analyses just
.discussed, the conventional thermal and structural analyses which have been
performed on the component or system, and available failure data: generated
within the program or available from other sources. Detailed reliability
analyses will be performed using existing .methods and those developed within
this program and the Shutdown Systems Reliability Program. Example methods
for component reliability evaluation are the "stress-strength overlap
method" (Ref. 2) and "functional structural reliability analysis," (Ref. 3).

The FMEA, CMFA, and FTA will be applied at the system level to a
system model to provide assessments of overall probability of heat removal
success, assessments which will be refined as improved input data and the
results of more refined analyses become available.

Reliability. Data Base Development

be Failure data on components of special interest in this program will
becollected to complement the main data bank effort (1.5.1.1.2). Example
components of special interest are pressure vessels, heat exchangers, pumps,
valves, and piping. Data sources to be reviewed include the Liquid Metal
Engineering Center (LMEC), Southwest Research Institute (SRI), the Fast Flux
Test Facility (FFTF) records to date, LMFBR base development programs, equip-
ment vendor failure data, and the foreign experience. The data bank entries
will be prepared according to a format being prepared within the CRBR
shutdown reliability programs so that a consistent contribution can be made
to the main LMFBR failure data bank.

In addition to component failure data, basic data required for
reliability analysis will be collected. This includes such things.as
statistical descriptions of material properties and test data which assists
in the selection of a failure criterionfor a given analysis.. Two sources
of such data are statistical properties collected under the auspices of the
Rome Air Development Center (RADC)'and the significant mechanical properties
data being produced under the program for LMFBR component structural design
methods which is under Oak Ridge National Laboratory (ORNL) leadership.

1
) I1.5-16



An important additional data base development task isto identify.
the data most needed for the reliability analysis but which is.not available.
Recommendations for the most critically needed data will be provided as a

.source of-guidance both to test programs being accomplished within the
reliability programs and to other LMFBR programs like the ORNL structural
program referred to earlier.

Test Program

The test program is planned according to two criteria. namely, the
test articles should represent components whose proper:performance is
critical to post-shutdown heat removal reliability and the selected test
items should be those for which an established failure data base does not
exist. Much data which is of direct interest in the reliability assessment
is collected in development testing performed outside the reliability program.
Some important examples are steam generator failure data as acquired wilthin
the steam generator development program, the large bellows performance as
measured in the IHX development test program, and the reactor vessel outlet
plenum mixing test which will assure adequate cooling capability of the over-
flow heat removal system. It has been determined during the analysis to date
that data on steam generator tube leakage and on leak detecti.on equipment
reliability are of so much importance in the heat removal reliability assess-
ment that testing planned for both these areas i.n the existing steam
generator development program should be supplemented. Consequently, testing
is planned within the shutdown heat removal reliability program itself to
provide additional data on steam generator leakage and leak detection
dependability.

The test program as currently planned is described below. The list
of tests may change as a result of more thorough analysis and identification
of more critical testing needs.

1. Steam Generator Tube Leakage - In recognition of the importance
of steam generator failure rates in the shutdown heat removal
reliability analysis, testing will be performed to supplement
the tube leakage data already planned in the Steam Generator
Testing portion, Task C, of the Steam Generator Development
Program.

2. Leak Detection Equipment - Because of the importance of dependable
steam generator leak detection indication, this testing will
supplement the Sodium-Water Reaction Detection portion, Task B,
of the Steam.Generator-Development Program.

3. Pressure. Relief Rupture Discs - The disc assemblies will be tested
through cyclic loading/unloading and transient conditions. Also,
earthquake loading response will be determined. Particular
emphasis during testing will be to identify common mode failures,
since this is the most severe situation and would result in
draining of the IHTS loops and termination of SGAHRS capability.
Finally, the variance about the nominal burst pressure will be
measured.
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4. Pressure Relief Valves - These valves are for use in:relieving
• "superheater and steam drum pressure buildup. The prime interests
WK are variance of actuation pressure with respect to set point

pressure, variance of closing pressure with respect to the
design value, and reseating behavior of the closed valve. If
these valves fail to-reseat, the SGAHRS protected .water storage
will be drained,, resulting in a steam generator dryout.

5. SGAHRS Instrumentation and Control - This program would subject
the SGAHRS I&C to cyClic conditions representative of the actual
application and determine the reliability of. performance with
particular attention paid to detecting potential common mode
failures and variances from nominal performance.

6. SGAHRS Protected Air.Cooled Condenser Louver Actuation - The
.louver actuation mechanism must perform reliably to initiate
heat rejection. This testing is to determine performance after
many cycles under realistic environmental conditions. Of
particular importance is identification of common mode failures.
Since the louvers are also adjustable for part heat load
rejection, the.accuracy of the setting control will be measured.

7. Turbine By-Pass Valve - This series of valves must by-pass the
steam flow around the turbine to the main condenser. These
valves must be cyclic tested at appropriate environmental
conditions to determine the reliability of actuation. Also of
,interest is the controlling accuracy of these valves for
partial steam flows.

8. SGAHRS Isolation and Control Valves - These valves will be

cyclic tested under normal and off design conditions to
evaluate potential common mode failures, actuator behavior, and
response to abnormal loadings.

9. Pump Bearing/Pony Motor - These components will be subjected
to repeated stop/startup, simulating behavior of the pump after
scram. The test is necessary to determine the reliability of
establishing pony motor flow in the primary and intermediate
heat transport loops.

10. Welded HTS Piping - Testing to failure is planned, to support
prediction of the failure of seam-welded HTS piping.

11. Critical Component Nozzle - The test article will be a nozzle
which duplicates the nozzle in any heat removal system component
which is judged the most critical in the plant (based on a
combination of importance and structural margins). Testing to
failure is planned.
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1.5.1.1 Secondary Control Rod System Test

1.5.1.1.1 Purpose

The purpose of the Secondary Control Rod. System (SCRS) test programis to demonstrate that the new design will meet plant performance requirements..41 A prototype system test program will be performed to verify that the systemmeets such requirements. The data obtained from the tests will confirm theoperational characteristics of the-selected hardware and the design.

I One component that is particularly important to the safety.function of391 the..SCRS: is the scram release latch mechanism. The latch is an active mechanismwhich is required to function reliably throughout its design life. ýBecause of-the.safety implications associated with the latch, it will be extensively testedboth as a separate subsystem and as part of the complete shutdown system. Othercomponent tests of selected items which affect the operation of the SCRS and..contribute to the..final mechanical design of the system are described in SectionI 4.2.3.4.1.2 and Appendix C, Section C.5.2.41'

41. 1.5.1.1.2 Program & Schedule

This program is conducted by General Electric.Company at the San Jose'.facility. A description.of the testing program.and .schedules is provided ini.4: Section C.5.2 of Appendix C.

A mend. 4.. . .. ' "" .5 -20 :O.ct. 1 .97 .7 . -

I



41j
THIS PAGE INTENTIONALLY BLANK 0

U1.5-21 Amend. .41
Oct. 197.7



1.5.1.1.4 Criterla of Success

The latch,Component Test in Sodium has been completed. The. Inconel gripper!
Inconel coupling head performed In accord with specifications for 4 times the
required number of cycles. The components are considered acceptable.

The prototype system test will confirm the capability to function reliably
throughout Its design life.

1.5.1.2 Direct Heat Removal
I

.1.5.1.2.1 Purpose

9

The Direct Heat Removal (DHR) service provides a supplementary means for
remov ing long term decay heat for the remote case when none- of the steam
generator decay heat removal paths are available. This system must be: able to.
transfer fission product decay heat and other residual heat from the-reactor
core at a rate such that specified acceptable fuel design limits and the
design conditions of the reactor coolant boundary are not exceeded. This
supplementary decay heat removal Is performed by a cool ing system Incorporated
Into the sodium make-up/overflow system with plant conditlons as speclfiled in
Chapter 5 (Section 5.6.2). The principal uncertainty of the make-up/overflow;
cooling system is short circuiting of the make-up flow with the reactor 1
vessel. Short clrcuit.ing would occur if the inlet. fluid flows directly to-the
overflow line wlthout cooling the reactor core. Tests are needed to design
the system to ensure short circuiting does not compromise core cooling.

1.5.1.2.2.• P-rogram

This program Is conducted ,by Hanford Englineer-ing DevelIopmehnt Laboratory at the
Integral Reactor 'Flow. Model." Test. Fac 1 iIti, -A 1/21 sca le o "utlet; plenUm model
test. was- used Initla ly to test prom isingOHR candidate designs for tl6 outlet
plenum. Of concern Is the location of the make-up and overflow nozzles to
reduce short circuiting of make-up flow. This test will conceptually
determine overflow nozzle locations.
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Confirmation testing of the selected make-up and overflow concept was
531 successfully completed in the Phase I testing of the Integral Reactor Flow Model.

1.5.1.2.3 Schedule
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il 1.5.1.2.4 Success Criteria

531 The tests demonstrated that the distribution of the make-up flow
in ,theoutl.e~t .pl:enum..was .adequate to assure that the DHR service will function
to remove decay heat follbwing areactor shutdown. This system must be

capab e, of: removing heat 't a rate such that speciflied acceptable fuel design
limits" and desi gncoi~onItions of t hereactor coolant boundary are not exceeded.

531 1.5.1.2.5 ýResults of'fTests

531

531

The 1/21 scale outlet plenum and the HEDL IRFM model tests have been
completed. The results show that short.circuiting of make-up flow to the over-
flow nozzle is limited to approximately 5%. The test and results are discussed
in more detail, in-.Response 001.580.

571 1.5.l.3 Blanket Failure Threshold

I 1.5.1.3.1 Purpose

The CRBRP is being designed to operate with a limited numbernof failedI fuel and blanket rods. This requires: demonstration that.operationwith failed
571 blanket rods exposed tp sodium does not re5ult in rod-to-rod failure

propagation. This program investigates the potential of blanket material/
sodium.reaction.to cause swelling,,flow blockaqes, and rod-to-rod failure

571 propagation in blanket assemblies,
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571
It needs to be further demonstrated that a relatively small local flow

571blockage will not lead to failure in a substantial number of blanket
Vrods. Tests performed for core fuel rod bundle geometries (Ref. 4), indicated

that such propagation is highly unlikely. However, the geometry, thermal
57 1conditions and flow conditions in the blanket, assemblies are sufficiently

different from that in core fuel assemblies to warrant an independent evalua-
57jtion of flow blockage effects. The variation in coolant flow rates to

blanket assemblies cover a wide flow velocity range from laminar through.
transition to turbulent modes of flow.' At low flow rates and with steep
temperature gradients across assemblies, buoyancy effects could become a
significant contributor, to the temperature. and flow distribution within the
blanket assembly.

b Efforts are therefore planned to: (1) evaluate the failed
57 blanket rod performance; specifically to verify the performance of

blanket rods with failed cladding and blanket material exposed to sodium,
571 (2) to verify the effect of the high oxygen-to-metal ratio and density on the

probabilities of blanket material sodium reaction, swelling,, and flow
571 blockages, (3) to evaluate the cooling rate behind a solid or porous local

flow blockage with tightly arranged rod bundles with pitch to diameter
ratios <1.1.

411 1.5.1.3.2 Program

This program will be conducted by Westinghouse at its ARD faCility.

1) Failed Blanket Rod Tests

The scope of the blanket rod RBCB (Run Beyond Cladding Breach) portion
) of the LMFBR Reference Fuel irradiation Program Includes the design, irradiation,

and examination of EBR-II tests and/or TREAT experiments. The scope includes
the acquisition, evaluation, analysis and reporting of results to:

o demonstrate performance capability of breached blanket rods at
beginning,.middle, and end-of-life,

o test the capability to accommodate design transients at'end-of-
life,

o provide insight into the effect of reactor shutdown on breached
blanket rods, and

o establish a theoretical understanding of post-breach bahavior
through predictive iterations based on and supported by experiments.

Information developed from the RBCB task will support the following

specific areas:.

1. Plutonium contamination of sodium.

2. Allowable operating time after breach.

3. Operating procedures for reactor shutdown and restart.57

Amend. 57
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.4. Delayed neutron detector values for removal of breached rods..

..5. Operational transient margins of breached rods.

2) O/M Ratio and Density EffeCts on Blanket Fuel-Na Reaction

- These effects were evaluated as part
sodium -reaction phenomena conducted by General
results of this program are given in Reference

of the test program on. fuel-
Electric Company. The
12.

3) Blanket Assembly Local Flow Blockage Evaluation

The effect of a local flow blockage in a blanket rod bundle have
been evaluated with a water flow test and will be documented in a future
report. ,57

411

41
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1.5.1..3.4, Criteria of Success.

571 The program will. demonstrate that operation with failed,
blanket rods exposed to sodium does not result in rod-to-rod propagation
and that a relatively small local flow blockage will not -lead to failure

571 in a substantial number of blanket rods.
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41t 1.5.1.3.5 Fallback Position

571 in the event that operating with failed radial blanket cannot be shown to be
satisfactory from a public safety viewpoint, the reactor may be required to
shutdown when the blanket materlial is exposed to the sodium.

1.5.1.4 Sodium-Water Reaction Pressure Relief Test

1.5.1.4.1 Purpose41

The principal concern associated with the large water to sodium leak In steam
generators Is potential system damage, principally to the IHX by propagation of
transient pressure waves through the Intermediate Heat Transport System (IHTS).
The objective of the Sodium Water Reaction Pressure Relief Subsystem (SWRPRS)
Is to relieve pressures from the IHTS and thereby protect the primary coolant
boundary from damage In the region of the primary sodium to Intermediate sodium
heat transfer Interface.

611 The approach to design of CRBRP SWRPRS is to assume a conservative design basis
59 water to sodium leak and to use a validated calculational method to predict

pressure loads on the IHX. It is a design requirement that the IHX be able to
withstand the sodium-water reaction pressures without compromising the primary
coolant boundary.

A survey of available existing analytical methods was completed to select the
best method for improvements consistent with CRBRP requirements. The TRANSWRAP
computer program (Ref. 5) was selected for use In the CRBRP analysis. An
Improved version of this code was used to establish loads on the IHX for the
reference design IHTS piping and component arrangement and the reference design
SWRPRS. A design basis leak was assumed to consist of an Equivalent Double-

611 Ended Guillotine (EDEG) failure of one steam generator tube followed by the
equivalent of two additional EDEG tube failures. The two additional failures
occur as follows:

one EDEG failure occurs one second after the Initial EDEG failure.

one additional EDEG failure occurs two seconds after Initial EDEG
failure

This sequence is superimposed on a system which has been pressurized by an
undetected moderate-sized leak to just below the rupture disk burst pressure.

59 The three tube DEG failure Is not Intended to represent a realistic event, but
rather It provides a basis for calculating conservatively large pressure loads
for the design of IHX and the pressure relief system. Results of analyses
using this basis are reported In Section 5.5.3.6.

To Increase confidence In assuring Integrity of the primary coolant boundary
even during a large sodium-water reaction, the development program will
provide technical information which Is not available for Inclusion In the
PSAR. The safety related objectives of the development program are:

1.5-26 Amend. 61
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a) to validate the computer program used to predict pressures In the IHX
during a postulated sodium water reaction, and

b) to confirm that effects of -the design basis leak assumed for
determining pressures In the IHX are conservative.

C)

C)
I .5-26a Amend. 61
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41 11.5.1.4.2 Program

41

44141

441

1

As part of the Steam Generator Development Program, Al
has constructed the Large Leak Test Rig.(LLTR). The test programs
included pulling apart a notched-tubular specimen in the sodium filled'test
article to simulate a DEG failure. A steam/water mixture was forced through
the burst tube into the sodium. For most tests,.surrounding tubes contained
stagnant, pressurized steam/water mixtures. In general, the development
effort provided technical information regarding the design.of pressure
relief systems to handle unexpected water-to-sodium leaks.

44

Measured values of pressure at various locations in the test rig are.
being compared with calculated pressures obtained using the modified TRANSWRAP.
computer program to analyze the test rig and test article. It now appears that
the computer code predicts values of pressure that are either in*agreement with
measurements or are conservatively large-relative to measured pressures for the
test rig and test article. Thus, it appears that the analysis of CRBRP for
sodium-water reaction pressures using this code are being conservatively
accomplished. This conclusion is still under review and evaluation and there-fore subject to adjustment as the.-remaining test data are examined..

411

44

471

Examination of the test article following intentional bursting of
a single tube gi.ves some -indication of the nature and, extent of d.mage
propagation to other tubes. It is expected that the tests will demonstrate
that the calculated loadings from sodium-water reactions are conservative.

) I 1.5.1.4.3 Schedule41

CY 73 74 75 76 77 1.78 79 80 • 81

471 411

41'

I4
44 411

LLTR-Module Steam
Generator (MSG).test
data available

Modified TRANSWRAP
validated by test
results

Extent of damage
in MSG evaluated
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1.5.1.4.4 Criteria of *Success
41

The computer program, used to-predict pressures in the IHX during a
postulated sodium-water reaction, will be validated by comparing the predicted
pressures for the test with the measured values.

The conservativeness of loadings associated with the design basis
leak will be confirmed by the determination that pressures produced by a
sodium-water reaction associated with observed failures are less severe than
that predicted by the analysis for the design basis leak.

41 1.5.1.4.5 Fallback Positions41

If the results of the computer program are not verified by experi-
mental results, or if there is an indication that calculated results are not

I conservative for the CRBRP application, then the computer.program willbe
41 corrected.

If observed damage propagation indicates *that actual lea'kage could
produce pressures larger than pressures associated with the design basis leak
(equivalent of seven DEG tube failures), then analyses will be done assuming
a design basis leak which is larger than presently assumed. If IHX pressures
produce loads which have unacceptable margins relative to failure loads, the
sodium-water reaction pressures can be reduced by redesign of SWRPRS or by
modifications (pipe routing, attenuation baffles, surge tanks, etc.) to IHTS
which would protect the primary coolant boundary.

1.5.2 Information Concerning Margin of Conservatism of Proven Design

1.5.2.1 Pipe Integrity Assessment

1.5.2.1.1 Purpose

The purpose of tnis program is to confirm that the likelihood of
a pipe rupture in CRBRP is extremely low, consistent with the project posi-

41 tion that massive failures of the major incontainment sodium piping can be
excluded from the plant design basis.

411 The following tasks were defined to demonstrate the low probabil~ity.

(a) Develop a model of fatigue crack growth and evaluate crack
growth rates. Determine the critical crack size (the size
-at which the crack will bulge open under operating stresses).

41I

Amend. 41
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411 (b) Determine by experiment the characteristics.and detectability
of sodium leakage through small cracks in piping. Determine
the rate and characteristics .of corrosion of piping due to
sodium leakage.

(c): Develop a reliable leak detection system which will be.capable
of detecting.small leaks in critical areas of the primary
andintermediate HTS.

411

5341

1.5.2.1.2 Program,.Results and Utilization

The details of the program, results and conclusions drawn from the
results are.discussed in Reference 2 to Section 1.6.

41
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41 '22

1.5.2.2 Failed Fuel Assembly Tests for Accident Conditions

1.%5.2.2.1 Purpose

The tests are intended to confirm that a loss of boundary integrity
in assemblies adjacent to an accident assembly (an assembly affected by_
accident) is not expected to occur by thermal loads resulting from a partial
meltdown in the accident assembly. Further, even in the unlikely event of
a loss of boundary integrity, additional failure propagation in these
adjacent assemblies would not necessarily occur. Operating experience of fast
reactors and mechanistic analyses of failure propagation phenomena have
indicated that rapid failure propagation among a large number of the
assembly fuel pins is highly unlikely (Refs. 6, 7). At present, more
definitive data and analyses are available to evaluate pin-to-pin failure
propagation.' This experimental program will determine the margins available
in the design to accommodate molten fuel within an assembly without leading
to widespread fuel assembly failure propagation.

1.5.2.2.2 Program

This program is in-place at Argonne National Laboratory which
is applicable to both CRBRP and FFTF.

In order for assembly-to-assembly propagation to occur, the
existence of either one of two conditions must be postulated: (a) pressure
pulses generated by energetic molten fuel-cladding-coolant interactions, or
(b).thermal loads accompanying gross assembly voiding and subsequent massive
cladding and fuel melting. Based on recent progress in the understanding
of fuel coolant interactions, an energetic interaction is unlikely in the
accident assembly (Ref. 8 & 9). Therefore, a gross assembly meltdown that
imposes large thermal loads is a necessary condition for assembly-to-
assembly propagation.

AmanvI. Al



) The deposition of molten fuel in an accident assembly is postulated.
in .order to. predi.ct the response of an adjacent .assembly. duct wall under
S0 dseverethermallding conditions. Heat fluxes Which could be expected from-
the Adeposited molten fuel are frequently based on the6.maximum nonboiling• 1n
fuel thickness," that is, :the: radial heat flux transferred to the duCt wall.

i ....:iS.,ýgenerated '.;in. that thickness of fuel 1whiich is below.. the. fuel boiling point
By using.this boundary condition out-of-pil experiments wi d

in two .phases:

.41i~• :::••¸¸:•?f':,.

:14. Duct wall behavior test, util izing sodium-cooled. hexagonal duct
with an electrical hea~ter.

:2.. A 217 -rod assembly.70 i nches" long wil1l be tested wi-th,
the heat flux imposed directly on the.,adjacent assemb.ly• duc t.

The elements and wire wraps in the test ,bund le 'incorporate an
array of thermocouples for data acquisition. Deflections.
caused by thermal stress will be measured by probes or
radiography.

The expected information from this development program will consist
of the following:

a. Experimental determination of the capability to maintain the
normal geometry and flow in the assembly adjacent to the
partial meltdown accident assembly.

b. Measurements of the maximum:sodium temperature in wall channels
having appreciable temperature gradients under the assumed wall
heat flux conditions to verify the computer code predicti.ons
using lumped nodal representations.

,)

c. Measurements of effects of thermally loading a
duct with and without.the heated elements next
surface.

surface of the
to the heated

1.5.2.2.3 Schedule

!li41:
.74175176 [77 78 79.-80 81

411

a. Duct Wall Behavior
Test

b.. 217-Rod Asb
Instrumented AssemblyT•est :•.•

. ..- - i

.I. 4
L

2.\
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1.5.2.2.4 Criteria of Success

The results should provide experimental verificatiQn of the capa-
bility to maintain the integrity of the boundary in assemblies adjacent to an
accident assembly and/or that determination of the maximum heat flux limit
that will rnot initiate failure propagation in the adjacent assemblies.

1.5.2.2.5 Fallback Position

Even if the results from the experiments and the further analyses
conclude that the partial meltdown could propagate to other fuel assemblies,
it should be noted that the design has incorporated features to prevent
initiation of meltdown. These include a highly reliable shutdown system to
terminate all transients without fuel failure, fuel assembly inlet features
to preclude blockage and fuel assembly mechanical interlocks to preclude
placement of assemblies in positions that could result in undercooling.
Therefore, analyses will confirm that the initiating events leading to fuel
assembly melting are of such low probability that they need not be the basis
for design. If this cannot be demonstrated with-the existing design, then
those aspects of the design which resulted in the probability being
unacceptablyy high will be reviewed and modified so as to eliminate the
i n it iato r-

1.5.2.3 Reactor Thermal and Hydraulic Tests

1.5.2.3.1 Purpose

The purpose of the specified thermal and hydraulic tests is to verify
the margin of safety in the areas of the behavior of bubbles and the mobility
of partidles introduced in the inlet plenum. These evaluations have direct
impact on the safety feature of inlet plenum design. Although the design
of the CRBR fuel assembly in these areas is similar to that of the FFTF
driver fuel assembly, differences in the configuration and the arrangement of
tbe lower internals require additional tests with, the inlet plenum.

53
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531
The core support structure incorporates a feature for preventing possible.

.411 damaging flow blockage at, the entrance to the inlet module flow ports.
This feature is, provided by._.a. debris barrier which forms a secondary
inlet plenum with separate, additional flow ports to those providing the

411 normal inlet flow path. 'A test program was conducted which demonstrated
,the capability of.this concept to retain structural adequacy and satis-
factory, flow distribution.

0

S31•

531

41

1.5.2.3.2 Program

This program consists of three subtasks. Tasks A, B, and C will
be conducted by HEDL at its Inlet Plenum Feature Model Test Facility.

A. Inl1et Plenum Bubble Dispersion Test

A• full 3600 model of 0.248 scale which contained all hydrodyna-
micall.y important wetted surfaces was used in this test. This model of
CRBRP i'nlet plenum was tested with water at prototypic velocities.

Test results showed that a gas bubble entering the inlet plenum
from'one pipe breaks up before entering the inlet modules, and the bubbles
entering the modules are fairly evenly distributed.

C

0
0

1.5-35 Amend. 53
Jan. 1980



--- --------

531 El. Inlet Module Blockage Prevention Test

411 A test program.was conducted-in the CRBRP inlet plenum feature model
41 (IPFM) in (.B).to.demonstrate the capability to mitigate the consequence of

possibl.e.flow blockage at the inlet module flow ports. The verification of
structural adequacy and a satisfactory flow distribution was demonstrated. TI
secondary inl:et plenum was checked for flow distribution with seven central
liners having all,three of the primary inlet flow ports.fully blocked off to
the inlet flow plenum. The results of the test show that the auxiliaryports
effectively mitigate the effects of. blockage: when seven lines were blocked

41 below the debris barrier, flow was reduced by less than 5%.

he

53 I C. Inlet Plenum Particle Mobility Test

411 The purpose of this test was to provide hydraulic data necessary todetermine if debris ..that may be inadvertently introduced into the reactor
vessel inlet plenum area, but not removed during the initial filtration, will
remain on'the bottom of the reactor vessel or will be lifted into the core

41153-1 inlet region.

1.5.2.3.3 Schedule

41
CY 74 75 76 7.7 78 79 80 1 81

1- 1 4-l I- I

53

531 A. Inlet Plenum
Bubble Dispersion
Test

Inlet Module
Blockage
Prevention Test

- .--+ COMPI 4 te

531 B.

6COMPl4te

51 C. Inlet Plenum
Particle ý
Mobility Test --4'-#Complqte
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C)
.531

1.5.2.3.4 Criteria of Success

Inlet.Plenum Bubble Dispersion.Test will confirm the capability of
uniform flow.distribution and breaking up of the.bubbles to-preclude a
reactivity effect,.

.Inlet. Module Blockage Test wil
of the anti-blockage module liners.and
factory in the inlet module.

1
(2

indicate: (1) no damaging vibration
) the flow distribution is satis-

.41

53

The data obtained from the Inlet Plenum Particle Mobility Test on
the particle transport.into the core inlet region and through the core were
factored into determining the requirements for. in-core filtering of the pri-
mary system sodium so that the particles, that could be transported intothe.
core are removed from the sodium prior to initial fuel loading.

1.5.2.3.5 Test Results and Fallback Positions

'A. The test confirmed bubble dispersal.

B. The Module Blockage Test indicated satisfactory results.

C. The*Inlet Plenum Particle Mobility Test indicated that
debris not removed during the initial filtration will
remain in the bottom of the reactor vessel.

0
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1.5.2.4 Core Restraint System Tests

. 1.5.2.4.1 Purpose

In order to provide both axial and radial support for the reactor
assemblies, the core restraint system will: (1) maintain fuel, control,
blanket and removable shield assemblies in predictable and reproducible
positions; (2) assure no damage to the assemblies during refueling, and
(3) prevent excessive operating loads from occurring. The key safety related
feature is the ability to limit reactivity insertions arising from lateral

53 assembly motion to an acceptable level through control of residual load plane
gaps throughout the core.

Variables affecting the core restraint system are the radiation induced
591531 materials effects of swelling and creep., load pad dimensional and friction

characteristics. Irradiation swelling and creep in conjunction with trans-
-verse temperature gradients in the core assembly ducts cause b owing.
deformations of the core assemblies during life. The restraint designs of
fast reactors now in operation are among those concepts developed before the
recognition of irradiation induced .swelling and creep. effects, in core com-
ponents. Prototype Fast Reactor and FFTF are among the -transitional designs'
based on recognition of the problem and these systems accommodate design
uncertainties due to limited characterization of materials effects. The CRBRP
design, effectively the third generation, draws on the design and develooment
experience of the previous two generations. To reduce sensitivity to mechanical

* 31 effects uncertainties, the followi~ng development program is in place.

1.5.2.4.2 Program

41 This program has been undertaken by Westinghouse at its ARD facility.
591 The performance of the CRBRP core restraint systems is being simulated in a

full scale mechanical test facility. The facility provides the capability of
531 testing a full core array of simulated reactor assemblies. This three dimen-

sional test effort will provide qualitative output for analytical studies,
as well as quantitative core restraint, system test data.

To provide data to the CRBRP in a timely manner tests consisting of
a full core mock-up including fuel, blanket and two rows of removable
shielding will be carried out. This-will be accomplished through the use of
simulated fuel. assemblies designed to provide nominal duct bending stiffness,

53 I load pad compliance, inlet nozzle clearance and contact surface frictional
characteristics. This effort..Will consist of core compaction. tests with
bowed.core assemblies and prototypical load pad friction during which duct
bowing patterns, base<d on .analytical predictions for- cho-sen material conditions
will be simulated. Inter-assembly loading patterns, and geometries will be
determined by using multiple "instrumented" .load measurement ducts. The

- Icompaction. cha-racter-isti csl of the core will be determined:, for-core restraint
53 Isystem evaluations.

Amend. 59
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1.5.2.4.3 Schedule

411
53

I
I 1 1 1 F 1 f
11

CY 74 75 76 77 78 79 80 81
+ 4 4 4 4 + t

4159 1
53

Ful I Core
Tests - J. - .1. - I. ~- I

I!

ai

1.5.2.4.4 Criteria of Success

42141 153

The test effort is to provide core compaction characterization data
and provide a basis for determination of residual load plane gaps within thb
core under prototypic loading conditions. This will be used to evaluate load'
plane gap related reactivity insertion in the core. The criterion of success
is the limitation of reactivity insertions arising from assembly lateral motions
to an acceptable level.

1.5.2.4.5 Fallback Potition

If the predi-cted reactivity insertion based on these experimental
data is not acceptable, an adjustment of gaps in the load planes will be
made.

1.5.2.5 Critical Experiments for Reactivity Coefficients, Control Rod Worth

0

531

and Fuel Assembly Movement

1.5.2.5.1 Purpose

Critical experiments are required
to the following parameters and components
CRBR: the primary and secondary control
coefficients and the mechanical motion of

to provide information pertaining
for the safety analysis of the

systems, the reactivity feedback
core and blanket assemblies.

The following information is required for the determination of the
adequacy of the two control systems to meet the safety requirements:

a. The bias factors and associated uncertainties for the control
rod worth predictions,

0
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b. The influence of control. rod movement on fuel assembly power
) generation,

c. The rate of reactivity insertion associated with control rod
withdrawal,

d. The reactivity effect of control rod materials washout in the
sodium coolant.

The following reactivity coefficient information is required to
~lI support safety analyses of the CRBRP:

a. The Doppler and sodium .voiding reactivity coefficients and.
associated calculational uncertainties,

b. The detailed spatial distribution of the sodium void ing
coefficient.

The following information is needed to support the safety analysis

related to mechanical motion effects:

a. Reactivity effects of"radial compaction of the core,

b. Reactivity effects of relative axial displacement of the
core and control support mechanisms.

S 1.5.2.5.2 Program

The initial phases of the CRBRP critical mockup experiments program
(ZPPR-2, 3, 4, 5,. and 6) simulated the-homogeneous core configuration. The
ZPPR-7 and 8F criticals were pre-enginnering mockups of the heterogeneous
CRBRP core configuration. These preliminary series of experiments have
been completed and the results have-,been used to develop design bias
factors and uncertainties and to provide validation for the nuclear design
methods used in the derivation of the CRBRP PSAR physics characteristics.
The Engineering Mockup Critical (EMC), which will closely simulate the
final CRBRP core and blanket configuration, will provide final nuclear

411 design bias factors and uncertainties for the FSAR. The experiments are
performed by Argonne National Laboratory at Idaho Falls, Idaho. The CRBRP
Criticals program is coordinated by General Electric Company in cooperation
with Westinghouse Electric Corporation.

The following specific experiments will be performed in support

of the safety features and components in CRBRP:

a. The reactivity worth of individual control assemblies,

b. The reactivity worth of control rod banks,

c. The worth vs. insertion profiles for selected control rods,

• d. The magnitude of the Doppler reactivity coefficient,

Amend. 51
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e. The magnitude and spatial distribution
reactivity effects,

of the sodium voiding

f. Reactivity effects of axial and radial motion of the fuel
blanket and control assemblies.

1.5.2.5.3 Schedule

Critical Experiments Schedule

CRBRP

1 - i I - T' I - 1
Calendar Year 73 74 !75 76 ~77 78

Criticality .

79 80 81 82 83 84 85
tt1 T 1 -

ZPPR-3: Initial Support-
Homogeneous Demo-
nstration Plant

ZPPR-4: Pre-EMC Homo-
geneous CRBRP

ZPPR-5: HCDA Experiments
in CRBRP-EMC

ZPPR-6: CRBRP-EMC, first
core

ZPPR-7: Pre-EMC Hetero-
geneous CRBRP

Matrix Expansion

ZPPR-7..continued

ZPPR-8: Thorium Effects

ZPPR-8F: Pre-EMC Modified
Heterogeneous CRBRP

Large Benchmark Homo-
geneous LMFBR

CRBRP-EMC

General LMFBR Studies

CRBRP Startup and Oper-
ational Tests

~1

-I a

73

l11

. 17

-IA
51

1.5.2.5.4 Criteria of Success,

The planned critical experiments will provide the required informa-
tion for the adequacy of the control systems, the reactivity coefficients
and the mechanical motion effects to support the safety analysis.

Amend. 51
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1.5.2.5.5 Fallback Position

Flexibility is provided in the on-going critizcal, experiment program
described above to provide'the best available mockup".of:the safety-related
.features and components during the final design phase-of the CRBRP. In thisi
way uncertainties in these parameters should be reduced and the confidence
level in the final safety analysis increased accordingly. If any of these
experiments are not successfully completed, the information used in the safety
analysis would have to be based on previous critical mockups that may not be
consistent with the final design parameters. If this is the case, larger design
margins to fully accommodate these uncertainties would have to be applied to
.the safety analysis and to the design of the control systems.

1.5.2.6 Source Range Flux Monitoring (SRFM) System Experiments

-1.5.2.6.1 Purpose

The SRFM System is the instrumentation that will monitor subcritical
reactivity during reactor shutdown and refueling operation. Experiments at

j the Zero Power Plutonium Reactor (ZPPR) facilities will be used to verify the
41 analysis of the ex-vessel low level flux monitoring system and to calibrate

the instrumentation prior to use in the CRBRP. The following information is
required to meet these objectives:

a The SRFM neutron count rate as a function of subcritical reactivity,

* The SRFM neutron count rate as a function of both reactor geometry
and detector environment,

Performance.-test of detectors and instrumentation.

1.5.2.6.2 Programs

The SRFM experiments will be performed at ZPPR operated by the
Argonne National Laboratory at the National Reactor Test-Facility near
Idaho Falls, Idaho. The following specific experiments will be performed
in support of the analysis of the ex-vessel SRFM.

41

a. Count rate as a function of subcriticality,

b_ Count rate as a function of the number of fuel assemblies
stored in-vessel,

.. c. Count rate as a function of core and blanket geometry and
refueling patterns,

d. Count rate as a function of the detector environment.

Amend. 41
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0
Experiments, using detectors and instrumentation which duplicate the

actually installed Source Range Flux Monitoring System (SRFMS) equipment, will
be-performed.to verify-equipment performance in.the~expected gamma and
neutron fields corresponding to the selected detector locations in CRBRP.
These tests may be .performed by the FMS equipment supplier-at reactor test
facilities where suitable gamma environments for the detector, can be produced.
Information from:the foregoing critical experiments will be applied to. plan
these tests.

1.5.2.6.3. Schedule

411 , ,

74[ 75 76 77 78 79 80181

Count rate as a function Preliminary Fina1
521 of.subcriticality (ZPPR) In_ ., en

Count rate as a function of
reactor geometry, detector Final

environment and stored fuel

52 SRFM performance test (ZPPR)

41

1.5.2.6.4 Su-ccess Criteria.

The test will demonstrate that the monitoring of subcritical
reactivity can be obtained in accordance with the prescribed relationship
to guard against inadvertent approach to criticality. The monitoring system
should detect gross refueling errors without being overly sensitive to
changes in core geometry and refueling patterns. The tests should confirm
that measurements.at two of the three detector locations should not be.
affected by fuel assemblies.stored in the in-vessel storage.

Tests of the installed FMS equipment will verify its suitability
for use in monitoring shutdown, refueling and startup reactor operations.

1.5.2.6.5 Fallback Position

52 SRFM is the essential instrumentation to monitor the suberitical
reactivity. In the unlikely event that the in-vessel stored fuel assemblies
affect the measurements of the monitors the locations of these monitors
and/or shielding arrangement will. be modifed. Additionally, if the expected
gamma dose rate at the detectors adversely affects the sensitivity of the
instrumentation, shielding will be modified to reduce the effect of gamma
dose.

Amend. 52
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1.5.2.7 Ex-Vessel Transfer Machine Heat Removal Tests

1.5.2.7.1 Purpose

The CRBRP Ex-Vessel Transfer.Machine (EVTM) cooling system must be
capable of removing the decay heat generated by the spent fuel assembly
during the entire range of fuel handling operations which includes unusual
and accident situations. This capability assures the prevention~of possible.
additional fuel pin rupture and release of radioactive fission products.
Although adequate heat removal capability is predicted by analysis
,(Section 9.1.4.3), the multiplicity of possible free convection flow pathswithin the fuel assembly and Core Component Pot (CCP) introduce considerable
uncertainty. This condition is further complicated by the effects of sodium
vapor and sodium frost on the emissivities of the CCP and EVTM cold wall.
The required technical information will cover the following conditions:

a. Normal operation steady-state heat removal

b. Loss of cooling air

c. Loss of sodium

d. Operational and emergency transient evaluations

e. Reduction in emissivity of CCP and cold wall caused by ,
sodium.wetting and frost

These tests will provide data to evaluate-the cold wall heat transfer
,.performance.when sodium or sodium frost has covered radiant surfaces and
'thereby establish the EVTM decay heat removal capability under both normal
ýand off-normal conditions.

.1.5.2.7.2 Program

This program is in place and is undertaken by HEDL using the,.
Transient Test Loop Facility. The basic concept of this program is to
evaluate the cooling of an instrumented and electrically heated 217-rod fuel.
•bundle.assembly model contained in a sodium-filled EVTM.CCP.. Cold wall heat
,,removal capabilities.willi be determined for normal and off-normal operation,
--by measuring the power input to the fuel bundle assembly at which the
.maximum fuel cladding temperature reaches 1250°F for normal, forced air
.convective cooling (1500°F for unlikely and extremely unlikely fault
conditions).

The following tests will be.performed:

a. Steady-state heat transfer at variable decay-power levels,
under normal design conditions,

b. Steady-state heat transfer with sodium.convection being blocked,
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."
c. Steady-state heat transfer.under emergency' cooling conditions,

d. Steady-state heat transfer with no sodium in the pot,

e. Transient thermal performance tests

* Loss of forced cooling air flow

e, Normal operation transient

* Simulated CCP failure

* Effect of sodium coating: on CCP emissivity

Data to be obtained consist of radial and axial.temperature distri-
butions in the fuel bundle, CCP and cold.wall', as a function of power input.
These data will provide necessary information as stated in Section 1.5.2.7.1.

1.5.2.7.3 Schedule

F"~- r_ AC.I- 7 -u5 79
.. ~ ~. . O,, ) CLr

.ii i CYV •i 74 -I 75• 76. 7-7 78" 79. iI 80 ! 8141'

• 0EVTM Heat
;Removal Test I I
1.5.2.7.4 Criteria of Success

The test results will confirm the EVTM cooling system
of removing the decay heat generated by the spent fuel for the
handling operations as tested.

1.5.2.7.5 Results of Test

The EVTM Heat Removal test has been completed. As di:
Section 9.1.4.3, the EVTM cooling system was shown to meet crt

to be capable
range of fuel

scussed in
teria of success.

15
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1.5.2.8 Sodium Fires Test Proarm

1.5.2.8.1J, P-r.

The purpose of the sodiumr f.res test program is to verify that p l ant design
features for accommodatl on of. sodium/NaK spil I s. n air-fi.lled cells will-
result in acceptable ce.ll pressures and structural concrete temperatures. In
addl:tlon, ."thls testý prograi wil-l be used-to 40demonstrate that. the codes. used in
sodium fire analyses: conservyaatfively, predlicti cell t1accident conditions.

1.5.2.8.2 Prorams

The sodium fire experiments.have been or will be performed at the Atomics
International test facil itles i:n; Santa Susana,,CalI fornia. The: foll owi ng
smal I scale .tests have been complefed:

1) A fast spll! (approximately 15 gal/mmn) of 10000 F sodium onto thea fire
suppression deck surface

2) A slow spill (approximately.1.5 gal/min) of 1000OF sodium-:onto the fire
suppression 4dck surface*

3) A spray: (ajpproximately ý1.5 gal/min) ýof tOOOOFsodlum onto".the surf ace of'
the fireý ýsuppressi on.:: deck

4) A fast spill (approximately 15 gal/min) of 1000OF sodium directly Into the
catch pan beneath the fire suppression deck

5) A spray (approximately 15 gal/mm) "of 1000OF sodium, onto the surface of
the fire suppression deck, through a walk grating above the deck

6) A spray (approximately 15,:gal/mmn) of 600OF sodium onto the surface of the
fire suppression deck,. through a walk grating above the deck

The results of the above small scale tests will be documented as the test
reports become.avalIable.. In addltion to small tests, a large scale test will

.be performed using a large-scale model of the CRBRP catch-pan fire suppression
deck system to collect splI led sodium under simulated spillI.conditions. The
test facility Is designed to accommodate a volume gas as large as 6600 gallons
of 10000 F sodium with a sodlum discharge flowrate of approximately 70 GPM.

I This test will verify the.operabillty of SGB aerosol mitigating dampers by

testing under prototypic aerosol conditions.

1.5.2.8.3 Schedule

The small scale tests have been completed. The. large scale test is planned to
be performed In the last..quarter of 1982.,

AAAmend. 75



C)
.1.5.2.8.4 Success Criteria

The small scale tests successfully demonstrated fire suppressilon: deck aesign
features to ensure drainage capability and fire-suppression effectiveness:

o No blockage of drain pipes. Aduri;ngspll.: -s

o Post-spil l. suppression .:ofl- sodLum burning .by control, .of -oxygen ingress: to
sodium pool vi a- ox ide. pl:ugg of dra I n: p Ipes, an~d closure of. .vent lids on
vent pipes.

o No leakage of sodium from catch pan.
The success criter:ia for. thel ar~ge, scale test 'are, that the catch pan shal

contain the spi I led sodi um precl udi ng sod ium:. concr, ete,. interactI-ons and that.
resulting test consequences are enveloped by those calculated with the
Project'is methodology, and that, the aerosol, milt:igation dampers can reclose -as
required during the aerosol release.

1.5.2,8.,5..FalIback Position. :

!

I If the effectiveness of the Fire-Suppression Deck/Catch Pan System and damper
I are not demonstrated,, alterna]ive-, technilqutes to :accommodate- design .basis.-.

liquid metal spill events will be considered and/or predict-iron:,of:ý, pI:ant design
basis accldent consequences will be made with alternative methods. 0

0
Amend. 75
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TABLE 1.5-1

FURTHER TECHNICAL INFORMATION REQUIRED

PSAR Section Section Heading and Tasks

1.5 Introduction

1.5.1 Information Concerning the Adequacy of a New Design

41 1.5.1.1 Secondary Control Rod System Test

391
Latch System Tests

1.5.1.2 Direct Heat Removal

411 6 15.1.3 Radial Blanket Failure Threshold
Failed Radial Blanket Rod Evaluations

Radial Blanket Assembly Local Flow Blockage Evaluation

411 1.5.1.4 Sodium-Water Reaction Pressure.Relief Test
1.5.2 Information Concerning Margin of Conservatism of

Proven Design

.1-5.2.1 Pipe Integrity Assessment
Fracture Mechanics Study

Characteristics of Sodium-Induced Corrosion

411
Sodium Leak Detection Feature Test

1.5.2.2 Failed Fuel Assembly Tests for Accident Conditions
Duct Wall Behavior Test

217- Pin Test

1.5.2.3 Reactor Thermal and Hydraulic Tests.

Large Bundle Partial Blockages- Evaluations

Inlet Plenum Bubble Dispersion Test

Inlet 14odule Blockage Prevention Test
Inlet Plenum Particle Mobility Test

1.5.2.4 Core Restraint System Tests
Full-Core Restraint System Test

1.5.2.5 Critical Experiments for Reactivity Coefficients,
Control Rod.Worth and Fuel Assembly Movement

1.5.2.6 Source Range Flux Monitoring System Tests
1.5.2.7 Ex-Vessel Transfer Machine Heat Removal Tests
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Table 1.5-4

Phase II Simple Model Experimental Tests (1/20th Scale)

Experiment
Number

SM-i

SM-2

SM-3

SM-4

SM-5

SM-6

Head

SI

Fl
Fl

S2
S2
S2

Vessel

Rl

Flexible

Core Barrel

None

Flexible
I!

Upper Internals

None
None

$3

S3

S3
$3

Energetics

Static Pressure

TLSM

TLSM

TLSM

TLSM

Higher than TLSM*

I' Ii

II

II
II

Si.= Simplified heat including plugs and shear rings

S2 = Simplified head including plugs, shear rings, under-head shielding and risers

S3 = Simplified upper internal structures including lower plate and columns

Rl = Rigid vessel (no plastic deformation)

Fl = Flexible head (plus idealized representation of plug to plug gaps)

TLSM Third Level Structural Margin conditions considered for CRBR(661 MJ work energy on expansion
to one atmosphere)

* For energetics higher than TLSM see text for discussion. 34
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Figure 1.5-1 TheSM-I Model
7683-242
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Figure 1.5-3 The SM-3 Model
7683-244
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Figure 1. 5-4T TheSM-4/SM-5/SM-6Models
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1.6 MATERIAL INCORPORATED BY REFERENCE

1.6.1 'Introduction

This section identifies technical reports incorporated by
reference. into.the PSAR. Some of the-technical reports cited were
produced for the LMFBR program under the direction:Qf the Energy.Re-
search and Development Administration (ERDA) and, therefore, contain thedisclaimer notice as required by.ERDA manual Appendix 3201, Part II.-D.
In support of the construction permit application for the Clinch River
Breeder Reactor Plant, however, any such disclaimer notice should be
cohsidered to be ýdeleted and therefore of no effect..:

1.6.2 References

241361 1.. Deleted.
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3. -WARD-D-0115, "Development and Application of a Cumulative Mech-
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Systems", April 1976.

4. WARD-D-0005, "Demo Code" LMFBR Demonstration Plant Simulation
Model, Rev. 4.

5. WARD-D-0090, "CRBRP Decay Power Analysis", January 1976.
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R.G. Hanson, issued August 15, 1975.

8. AI Report No. 99-TI-413-042, "Subscale Emissivity Test Analysis
(EVTM)", D. Vanevenhoven, issued October 17, 1975.

9. "Hypothetical Turbine Missile Data and Probability of Occurrence
for 3600-RPM-23-Inch LSB Unit for Use with Liquid Metal Cooled Fast

421161 Breeder Reactor", General Electric Co., August 4, 1977.
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Rev. 4.

lob. CRBRP-3, Volume 2, "Hypothetical Core Disruptive Accident Considerations
in CRBRP, Assessment of Thermal Margin Beyond the Design Base", Rev. 4.

11. WARD-D-0178, "CRBRP; Closure Head Capability for Structural Margin
Beyond Design Basis Loading", Revision 3, November 1978.

12. WARD-D-0174, "CRBRP; Active Pump and Valve Operability Verification
Plan", April 1977.

13.1 WARD-D-0165, "Requirements for Environmental Qual ification of CRBRP
.- Class 1E Equipment", Rev. 6.

14. WARD-D-0218, "Structural Response of CRBRP Scale Models to a Simulated
Hypothetical Core Disruptive Accident", October 1978.

15. CRBRP-GEFR,00103, "CRBRP;:-An Analysis of HypotheticaiI Core Disruptive
Events In the Cl inch River Breeder Reactor Plant", April 1978.

16. HQ:S:82:173, Letter: J. R. Longenecker to P. S. Check, Transmittal of
"DEMO Pipe Break Analysis", dated January 1983.
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"Methodology for CRBRP's Application of Radiological Source Terms In-
Containment", dated January 1983.
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CHAPTER 1 - APPENDIX A

Flow.Diagram Symbols
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LINE DESIGNATIONS

LINE SIZE IN INCHES I ON
LINE CLASSIFICATION LINE CONTINUES ON-SYSTEM NUMBER
SUBSYSTEM•IIDENTIFIER 100E250 DWG INDICATEDFI WE INDICATOR ZONE C4

TI'- " W•iINU. MBEIR IN ZONE INDICATED
~ LINE.IUMBER

PRINCIPAL FLOW ROUTE
60ýCr CUTI PIPE HERE

'# TO REMOVE
ALTERNATE FLOW ROUTE

PIPELINE ELECTRICALLY HEATED
SPECIFICATION PIPE

CHANGE
(FLOW SHEET ONLY)

ELECTRICAL SIGNAL ,, -, - BURIED PIPE

7# ,f , PNEUMATIC SIGNAL PNEUMATIC SUPPLY

CAPILLARY TUBING HYDRAULIC SIGNAL
FILLED SYSTEM HDAISGN

.. " .... FIELD WELDRADIATION OR SONIC . E" F WEL

SIGNAL WITHOUT WIRING
OR TUBING ": "'FW FIELD WELD IN SINGLE

LINE DRAWING

Amend. 57
Nov. 1980l.A-1



LINE CLASSIFICATIONS

1. PIPING CLASSES ARE DESIGNATED BY A FOUR.LETTER CODE. THE FIRST LETTER INDICATES THE

PRIMARY VALVE AND FLANGE RATING; THE SECOND LETTER THE TYPE OF MATERIAL; THE

THIRD LETTER THE CODE TOWHICH THE PIPING IS DESIGNED AND THE FOURTH LETTER INDICATES
THE SYSTEM FLUID

THE DESIGNATIONS ARE AS FOLLOWS:

FIRST. LETTER: PRESSURE RATING

A - 4500 ANSI
57 B - 2500 ANSI

C - 1500 ANSI
D - 900 ANSI
E - .600 ANSI.
F - 400 ANSI
G - 300 ANSI
H - 150 ANSI
J - 125 ANSI B11.1
K - 175 WOG UNDERWRITERS LABORATORIES, INC.
L - 250 ANSI B16.1
X - GRAVITY RATING

SECOND LETTER: MATERIAL

A - ALLOY

B - CARBON STEEL

C - STAINLESS STEEL (TP 304)
D - COPPER

E - STAINLESS STEEL (TP 316H)
F - CARBON STEEL - COPPER BEARING

G - CARBON STEEL - LINED

H - CASTIRON

J - CONCRETE PIPE
K - VITRIFIED CLAY PIPE

L - CARBON STEEL - IMPACT TESTED

M - DURIRON

N -- CARBON STEEL - GALVANIZED

P - CAST IRON - CEMENT LINED
0 - ASBESTOS- CEMENT

571 U - PCV CHROME

THIRD LETTER: DESIGN CODE

A - NUCLEAR POWER PLANT COMPONENTS, ASME B&PV CODE SEC. III CLASS I
B - NUCLEAR POWER PLANT COMPONENTS, ASME B&PV CODE SEC. III CLASS II

C - NUCLEAR POWER PLANT COMPONENTS, ASME B&PV CODESEC. III CLASS III
D - POWER PIPING CODE ANSI B31.1.0-1967

F - NATIONAL FIRE PROTECTION ASSOCIATION CODE
G - NATIONAL PLUMBING CODE

H - POWER BOILERS, ASME.B&PV CODE SEC. I
J - AMERICAN WATER WORKS STANDARDS

57
Amend. 57
Nov. 1980
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LINE CLASSIFICATIONS (Continued)

FOURTH LETTER: SYSTEM FLUID

A SODIUM K -'AIR

B - STEAM L - LIUQID NITROGEN
C - FEEDWATER M - MIXED CAPS GASES

D - NAK N - LIQUID ARGON

E - DOWTHERM P - ACID

F - ARGON R- CAUSTIC

G - NITROGEN (GAS) S - ALCOHOL

H - CHILLED WATER T - HYDROGEN

J - WATER V - CARBON DIOXIDE
W - OIL

SYSTEM/SUBSYSTEM/PIPE INDICATOR

1. FIRST TWO DIGITS IDENTIFY THE SYSTEM IN WHICH THE PIPE IS LOCATED

2. THE NEXT TWO ALPHAS IDENTIFY THE SUBSYSTEM -

3. THE LETTER "'D" INDICATES THAT THE ITEM IDENTIFIED IS PIPING.

LINE NUMBER.

1. THE LINE NUMBER IS DESIGNATED BY SEQUENTIALLY ASSIGNED SERIAL NUMBERS FOR RUNS

OF PIPE WITHIN'THAT SYSTEM (THE MAXIMUM OF FOUR DIGITS)

SPOOL NUMBER

1. A SEQUENTIALLY ASSIGNED SERIAL NUMBER DENOTING PIPE SPOOLS WITHIN THE PIPE LINE.

THE ASCENDING ORDER OF THE SEQUENCE IS IN THE DIRECTION OF THE FLUID FLOW.

SPECIAL CASES

I. IN THE PIPELINE IDENTIFICATION SYSTEM THE TWO-DIGIT FIELD

INDICATING NOMINAL PIPE DIAMETER MAY BE EXPANDED TO EXPRESS FRACTIONS, e.g,2 .

INCH PIPE IS POSTED AS 2.5.

2. THE PIPELINE IDENTIFICATION . MAY BE ABBREVIATED ON DRAWINGS

BY REDUCING'THE THREE-DIGIT SEQUENTIAL SERIAL NUMBERS FROM 001,002, 003, ETC.

TO 1, 2,3, ETC.

3. PIPELINE NUMBERS ON PIPING DRAWINGS MAY BE FURTHER ABBREVIATED BY ADDING A

GENERAL NOTE STATING THAT "ALL PIPELINE NUMBERS APPEARING ON THIS DRAWING

INCORPORATE THE SYSTEM/SUBSYSTEM DESIGNATION XXXX UNLESS OTHERWISE NOTED".

THE SYSTEM/SUB-SYSTEM CHARACTERS MAY THEN BE OMITTED FROM PIPELINE IDENTI-
FICATION NUMBERS POSTED ON THE DRAWING.

.4. THE PIPELINE IDENTIFICATION -, FOR PIPING DRAWINGS WILL BE

ABBREVIATED FOR PIPELINE LISTS BY ELIMINATING THE 2-DIGIT FIELD INDICATING

NOMINAL PIPE SIZE AND THE 4-DIGIT FIELD INDICATING PIPELINE CLASSIFICATION.

THE NOMINAL PIPE SIZE AND THE PIPELINE CLASSIFICATION WILL BE IDENTIFIED AS

DATA ELEMENTS IN THE PIPELINE LIST, BUT NOT AS PART OF THE PIPELINE NUMBER.

5. IDENTICAL PIPE LINES IN DIFFERENT LOOPS WITHIN A SYSTEM ARE IDENTIFIED

5 7! BY LETTER SUFFIX (A, B, C, etc).

Amend. 57
L .fJ Nov. 1980



VALVE BODY SYMBOLS

SYSTEM NUMBER

SUBSYSTEM IDENTIFIER
VALVE N.O. GLOBE
SEQUENTIAL SERIAL NUMBER

N.C.

GATE • N.O. STOP CHECK

:: • N.C.

CHECK ANGLE

AUTOMATIC CHECK

POSITIVE CLOSING -I-i-- BUTTERFLY

NEEDLE BALL

9

PLUG + FOUR-WAY

a I

THREE-WAY FOUR-WAY INDICATING
FAILURE PATH

r51 7al II II I i

1.A-4 Amend. 57
Nov. 1980
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VALVE BODY SYMBOLS (Continued)

THREE WAY - INDICATING
FAILUE PAH 04SAFETY OR RELIEFFAILURE PATH i

DIAPHRAGM K AUTOMATIC BALL DRIP CHECK

(SAUNDERS TYPE)

"Y" PATTERN GLOBE AIR VENT(BLOWDOWN)

E IZ ~ MANUALLY OPERATED TEST HOSE GLOBE

S HOSE GATE BELLOWS SEAL

* HOSE ANGLE H PINCH

~4~ $~ FREEZE SEAL ANGLE CHECK (STOP CHECK)

1'57.

1.A-5 Amend. 57
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VALVE BODY SYMBOLS (Continued)

SLIDE OR BLAST GATE FIRE HOSE, EXPOSED

FLOATOPERATED POSTINDICATOR

HYDRANT PREACTION VALVE

ODRAG DISC VALVE DELUGE VALVE

ALARM CHECK VALVE

57

1.A-6 Amend. 57
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ABBREVIATIONS ASSOCIATED WITH VALVES

A. C.

A.O.

AV

F.A.I.

F.C.

FCV

F.I.

F.L.

F.O.

FV

HV

KV

L.C.

Air Closes

Air Opens

Analytical Element
Controlled Valve

Fail As Is

Fail Closed

Flow Control Valve

Fail Intermediate

Fail Locked

Fail Open

Flow Controlled Valve

Hand Switch
Controlled Valve

Time Controlled Valve

Locked Closed
(Sodium Service)

L.O.

LV

N.C.

N.O.

PCV

PDV

PSV

PV

RV

TV

Locked Open

Liquid Controlled Valve

Normally Closed

Normally Open

Pressure Controlled Valve

Pressure Differential
Controlled Valve

Pressure Safety Valve

Pressure Controlled Valve

Radiation Controlled Valve

Temperature.Controlled
Valve

Multiple Signal Control

Shut-off Valve
(Sodium Service)

UV

YV

I .A-6a Amend 12
Feb 1976



VALVE ACTUATORS

MOTOR OPERATED

LEI HYDRAULIC

jSOLENOID OPERATED

DIAPHRAGM: SPRING OPPOSED,
WITHOUT.POSITIONER OR
OTHER PILOT

HAND OPERATED (Mounted
at top side or bottom of valve
assembly)

ELECTRO-HYDRAULIC

PNEUMATIC

"4ý_
DIAPHRAGM; PRESSURE-BALANCED

1,2,3

DIAPHRAGM: SPRING OPPOSED,

OVERRIDING PILOT VALVE THAT A DIAPHRAGM: SPRING OPPOSED,

PRESSURIZES DIAPHRAGM WHEN ASSEMBLED WITH PILOT, ONE

ACTUATED CONTROLLED INPUT

1.2.3
SINGLE ACTING CYLINDER: SINGLE ACTING CYLINDER

CONVERTER, OVERRIDING PILOT WITHOUT POSITIONER OR

VALVE THAT PRESSURIZES OTHER PILOT
DIAPHRAGM WHEN ACTUATED

2,3

DOUBLE ACTING CYLINDER WITH DOUBLE ACTING CYLINDER

POSITIONER, CONVERTER, OVER- WITHOUT POSITIONER OR

RIDING PILOT VALVE OTHER PILOT

2,3 1. NORMALLY SHUT PORT IS "FILLED IN."

SINGLE ACTING CYLINDER WITH 2. OTHER COMBINATIONS ARE POSSIBLE AND WHEN

POSITIONER USED SHALL FOLLOW THE FORMAT ESTABLISHED BY

THESE EXAMPLES.

3. ITEMS NOT SHOWN ON P&ID57

Amend. 57
Nov. 1930
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VALVE ACTUATORS (Continued)

I I I II i , , ,

57

PRESSURE AND VACUUM RELIEF
VALVE WITH INTEGRAL PILOT.
NOTE: ACTUATOR SYMBOL: f
FOR PRESSURE RELIEF OR SAFETY
VALVES ONLY: DENOTES A SPRING
WEIGHT OR INTEGRAL PILOT

PRESSURE REDUCING
REGULATOR SELF-CONTAINED

I a

PRESSURE REDUCING
REGULATOR WITH
EXTERNAL PRESSURE TAP

I ]] 1

PRESSURE REDUCING REGULATOR
WITH INTEGRAL OUTLET PRESSURE
RELIEF VALVE AND OPTIONAL
PRESSURE INDICATOR (TYPICAL
AIR SET)

PRESSURE RELIEF OR SAFETY
VALVE, ANGLE PATTERN,
TRIPPED BY INTEGRAL SOLENOID

DIFFERENTIAL PRESSURE
REDUCING REGULATOR
WITH INTERNAL AND EXTERNAL
PRESSURE TAPS

BACK PRESSURE REGULATOR
WITH EXTERNAL PRESSURE
TAPS

BACK PRESSURE REGULATOR
SELF-CONTAINED

f9
_ý4_ QUICK OPENER

R
SOLENOID RESET (OPTIONAL)

I~ .1

Amend. 57
Nov. 1980 9
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ABBREVIATIONS ASSOCIATED WITH VALVES

N 0. NORMALLY OPEN N C. NORMALLY CLOSED

L.O LOCKED OPEN L C. LOCKED CLOSED

F 0 FAIL OPEN F.C FAIL CLOSED

F L FAIL LOCKED, F.I FAIL INTERMEDIATE

FA I FAIL AS IS A O. AIR OPENS

A C AIR CLOSES SOV SOLENOID OPERATED VALVE

AOV AIR OPERATED VALVE MOV MOTOR OPERATED VALVE

NRV NON RETURN VALVE

SPECIAL CASES

1. THE VALVE IDENTIFICATION SYSTEM MAY BE EXPANDED TO DESIGNATE VARIOUS

TYPESOF CONTROL VALVES WITH A 4--DIGIT CODE DEFINING. THE VALVE FUNCTION. THE VALVE
FUNCTION CODE APPEARS IN THE "INSTRUMENTATION IDENTIFICATION TABLE" IN COLUMNS
HEADED "CONTROL VALVE" AND SELF "ACTUATED VALVE", e.g.

FCV SELF ACTUATED FLOW CONTROL VALVE
FFV FLOW RATIO CONTROL VALVE
LCV SELF ACTUATED LEVEL CONTROL VALVE
PDV PRESSURE DIFFERENTIAL CONTROL VALVE

TDCV SELF ACTUATED TEMPERATURE DIFFERENTIAL CONTROL VALVE

2. THE THREE-DIGIT SEQUENTIAL SERIAL. NUMBER IN THE VALVE IDENTIFICATION SYSTEM
POSTED AS 001, 002, 003, ETC. ON VALVE LISTS MAY BE SIMPLIFIED TO READ 1, 2, 3, ETC.

3. BY ADDING A GENERAL NOTE TO DRAWINGS STATING THAT ALL VALVE IDENTIFICATION NUMBERS

APPEARING ON THE DRAWING "ARE PREFIXED BY SYSTEM/SUB-SYSTEM XXXX UNLESS OTHERWISE

NOTED", THE VALVE IDENTIFICATION SYSTEM .. MAY BE FURTHER SIMPLIFIED

ON PIPING DRAWINGS BY ELIMINATION OF THE FOUR-DIGIT SYSTEM/SUB-SYSTEM CHARACTERS.

4. ON DRAWINGS INTENDED FOR FABRICATION/ERECTION REVERSE VALVE INSTALLATIONS SHALL

BE CONSPICUOUSLY IDENTIFIED ON THE DRAWING BY A SPECIAL NOTE, e.g. "INSTALL BACKWARDS",

INDICATING THAT THE VALVE SHALL BE POSITIONED WITH THE FLOW ARROW ON THE VALVE BODY

DIRECTED AGAINST NORMAL SYSTEM FLOW.

Amend. 57
1 .A-9 Nov. 1980
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VALVE ORIENTATION SYMBOLOGY
1 U

NAMEPLATE

SEAT - BRIDGE MARK

THE VALVE oRIENTATION SYMBOL FOR CONVEN-
TIONAL "Y"-PATTERN GLOBE VALVES ,-.)
DENOTES FLOW UNDER THE PLUG WHEN THE PROCESS
FLUID IS MOVING FROM LEFT TO RIGHT AND OVER
THE PLUG WHEN FLOW IS IN THE REVERSE DIREC-

TION. THE SEAT-BRIDGE MARK CLEARLY DENOTES
VALVE STEI-SEAT ORIENTATION. RELATIVE TO
SYSTEM FLOW FOR ALL GLOBE VALVE.

CONVENTIONAL GLOBE VALVE

9 I

FLOW DIRECTION ARROW

ALL OTHER VALVES E-XCEPT THE VALCOR

LIQUID METAL VALVES SHALL UTILIZE A FLOW
DIRECTIONARROW ( ) TO DENOTE THE
ORIENTATION OF THE VALVE IN THE LINE.

THE ORIENTATION SYMBOL WILL BE LOCATED
BELOWTHE VALVE SYMBOL ON THE PIPING &
INSTRUMENT DIAGRAMS AND INCLUDED ON THE
VALVE NAMEPLATES AT THE TIME OF
MANUFACTURE.

9*

CONVENTIONAL GATE VALVE
aF-----

STRAIGHT PATTERN LIQUID METAL VALVE (LMS)

THE VALCOR LIQUID METAL VALVE SHALL
IDENTIFY THE INLET PORT AS.PORT "A" AND.
THE OUTLET PORT AS PORT"B". THE DESIGNATION

SHALL BE ON THE VALVE BODY & VALVE
NAMEPLATE.

A 8

STRAIGHT PATTERN
LIQUID METAL VALVE (LMS)

-a I

p

1.A-10 Amend. 57
Nov. 1980



SPECIALTY SYMBOLS

IN LINE SELFCLEANING

STRAINER Y TYPE STRAINER

SIMPLEX STRAINER o DUPLEX STRAINER

FILTER TEMPORARY STRAINER

-H BLIND FLANGE PLUG OR CAP

EXPANSION JOINT SPECTAC LE FLANGE

• ORIFICE PLATE.IN QUICK
RESTRICTING ORIFICE CHANGEFITING

VN) .(I) = INDOORS VENT WITH FLAME ARRESTER
VENT (0) = OUTDOORS

TAPERED EXPANSION
JOINT.

57

1.A-1I Amend. 57
Nov. 1980



SPECIALTY SYMBOLS (Continued)

STEAM TRA DRIP PAN ELBOW•

EAM T(FOR STEAM RELIEF VALVE)

LOOPSEAL SPRAY NOZZLES

IN-LINE SIGHT FLOW FLEXIBLE CONNECTION
:GLASS

FLOWNOZZLEJQUICK DISCONNECT. (TUBE OR VENTURI)

.J .. BEARING REDUCER OR INCREASER

FLOOR DRAIN, HUB OR CHEMICAL SEAL
TRENCH C A L

CIRCULAR•OR HAMMER BLIND VAPOR TRAP, DRY

9

9Amend. 57
NOv. 1980
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SPECIALTY SYMBOLS (Continued)
II I I Ig

APOR TRAP, WET FUNNEL DRAIN

EXHAUST HEAD IMIXING TEE

FLOWSTRAIGHTENING VANES
MAGNETIC FLOWMETER
E.M. = ELECTROMAGNETIC
P.M. = PERMANENT MAGNET

SERVICE CONNECTION •-• INSULATING FLANGE

I - FLANGE CONNECTION SPOOL PIECE

PITOT OR PITOT ANCHORED CONTAINMENT
VENTURI TUBE PENETRATION

BELLOWS SEAL CONTAINMENT4 PENETRATION LINED CELL PENETRATIONr V"

Amend. 57
Nov. 19801.A-13



SPECIALTY SYMBOLS (Continued)

ORIFICE PLATE WITH VENA
CONTRACTA RADIUS OR ,ATTEMPERATOR

L 0  PIPE TAPS

SAFETY HEAD SPRINKLER NOZZLE

RUPTURE DISK VACUUM RUPTURE DISC PRESS RELIEF
RELIEF

PIPE SUPPORT

PIPE SUPPORT
S -- GAS SEPARATOR '-L j IDENTIFICATION NO.

• PIPE SUPPORT FOR
SINGLE LINE DRAWING

(ii) ACOUSTIC (NOISE) DETECTOR VARIABLE

14-I SPEED
_COUPLING

1--" CLUTCH & BRAKE

S1

57.

Amend. 57
Nov.. 1980
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EQUIPMENT SYMBOLS

571 I :

GENERAL PURPOSE GENERAL PURPOSE
VERTICAL PUMP HORIZONTAL PUMP

ROTARY PUMP PISTON PUMP

Amend. 57
Nov. 1980
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EQUIPMENT SYMBOLS (Continued)

ELECTROMAGNETIC PUMP LUHEAT EXCHANGER: (LIQIUID - LRIUID)

~LYHEAT EXCHANGER TW ERRA
(LIQUID - GAS),

FLOW SENSOR SHOWER HEAD

EYE WASH FLOW BALANCING VALVE

VERTICAL PUMP MIXER

9 WATER HAMMER ARRESTER BACKFLOW PREVENTER

ROTOMETER -INLINE PUMP

0

57

Amend. 57
Nov. 1980
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INSTRUMENT DESIGNATIONS

RELAY OR
LOCAL INSTRUMENT
INCLUDING TRANSMITTER
FOR SINGLE MEASURED
VARIABLE

LOCALINSTRUMENT FOR TWO
MEASURED VARIABLES OR
MORE THAN ONE FUNCTION

PANEL MOUNTED INSTRUMENT.
FOR TWO MEASURED VARIABLES
OR-MORE THAN ONE FUNCTION

PANEL MOUNTED INSTRUMENT
FOR SINGLE MEASURED
VARIABLE ee
VARIABLE INTO DATA SYSTEM
WHERE:.
A = TYPE OF VARIABLE OR

MEASUREMENT
NNN SERIAL NUMBER (LOOP

OR CHANNEL NUMBER
WHENEVER POSSIBLE)

B TYPE: OF INPUT SIGNAL
CD = OPTIONAL PARALLEL

OR REDUNDANT MEASURE-
MENTSAND PLANT
PROTECTION SIGNALS:

WHERE TYPES OF SIGNAL "B" IS
DEFINED AS:
A -ANALOG
0 -,DIGITAL
E -EVENT (CONTACT SENSE)
P - PULSE (CONTACT INTERRUPT).;

...w. <D CONTROL SIGNAL FROM
DATA SYSTEM

-4

INSTRUMENT BALLOON WITH

INSTRUMENT NUMBER (WALL

OF BALLOON MAY BE RUPTURED

TO ACCOMMODATE INSTRUMENT

NUMBER).

PDIT 101 AD

Os
ARROW INDICATES DIRECTION IN
WHICH RELAY RESPONDS TO A
FAULT.
ARROW UP= FORWARD LOOKING
ARROW DOWN --REVERSE LOOKING57 6 1 I

INDICATING LIGHTS

Amend. 57
Nov. 1980
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INSTRUMENT DESIGNATIONS (CONTINUED)

INSTRUMENT IDENTIFIER IS AS FOLLOWS:

NMABCDEFGXYZHJ

WHERE:

NM ARE TWO-NUMBERS IDENTIFYING THE SYSTEM DESIGN
DESCRIPTION (SoD)

AB ARE TWO LETTERS REPRESENTING THE SOD SUBSYSTEM

CDEFG ARE FIVE LETTERS REPRESENTING THE FUNCTION OF
THE INSTRUMENTATION CONSISTENT WITH ISA-S5.1

XYZ ARE THREE NUMBERS TO REPRESENT LOOP:OR CHANNEL
NUMBER (ASSIGNED BY THE COGNIZANT ENGINEER

HJ ARE TWO OPTIONAL LETTER(S) TO INDICATE REDUNDANT
OR PARALLELMEASUREMENTS WITHIN A LOOP OR CHANNEL.
ALL LETTERS A THROUGH Z CAN BE USED WITH "P" AND ."S"
RESERVED FOR PLANT PROTECTION SYSTEM.

NOTE: THE SDD AND THE SUBSYSTEM IDENTIFYER ARE NOT
PLACED INSIDE THE INSTRUMENT BALLOON ON A DRAWING
BUT ARE IDENTIFIED BY A NOTE ON THE DRAWING. IF
MORE THAN ONE SYSTEM IS REPRESENTED ON A DRAWING,
THE CONVENTION OF ISA-S5.1 SHALL APPLY. (INSTRUMENT
BALLOONS IN EXAMPLE ARE ENLARGED RATHER THAN
RUPTURED TO ACCOMMODATE INSTRUMENT NUMBER)

FOR EXAMPLE:

56 F

I
90 AA

57

Amend. 57
Nov. 1980
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RELAY AND CONVERSION DEVICE

I/P CURRENT TO PNEUMATIC E/P VOLTAGE TO PNEUMATIC

E/I VOLTAGE TO CURRENT P/I PNEUMATIC TO CURRENT

R/I RESISTANCE TO CURRENT E/H VOLTAGE TO HYDRAULIC

P/E PNEUMATIC TO VOLTAGE LL DIFFERENCE

FREQUENCY METER GE GENERATOR EXCITER

RELAY DESIGNATIONS *-'-. _ .-.------4SEE ANSI C37.2)

21x TIMER (TO BE USED WITH 2IZ21
21ZI PHASE DISTANCE RELAY, ZONE 1

21Z2 FOR ZONE 2
21Z3 FOR ZONE 3
ETC.

27 UNDER VOLTAGE RELAY
40 FIELD CURRENT RELAY
42 CONTRACTOR
46 PHASE-BALANCE CURRENT RELAY
49 THERMAL RELAY
50 INSTANTANEOUS OVERCURRENT RELAY
5OBF BREAKER FAILURE CURRENT DETECTOR RELAY
50CM CURRENT MONITORING RELAY
50FD PHASE FAULT DETECTOR
6OG INSTANTANEOUS GROUND OVERCURRENT RELAY
51 TIME OVERCURRENT RELAY
51G TIME GROUND OVERCURRENT RELAY
51N NEUTRAL INDUCTION TIME OVERCURRENT
51V GENERATOR INVERSE TIME OVERCURRENT WITH VOLTAGE RESTRAIN RELAY
59 OVERVOLTAGE RELAY
60 FUSE FAILURE RELAY
62 TIME DELAY RELAY
63 FAULT PRESSURE RELAY
67 DUAL POLARIZED DIRECTIONAL GROUND-RELAY
74 ALARM RELAY
79 RECLOSER
81 FREQUENCY RELAY
83 DROPOUT RELAY
85 CARRIER AUXILIARY RELAYS
85R CARRIER RECEIVER RELAY FOR LINE RELAY CHANNEL
85T CARRIER TRANSMITTER RELAY FOR LINE RELAY CHANNEL
85TTS CARRIER TRANSFER TRIP RELAY SEND
86 HAND RESET LOCKOUT RELAY
87 DIFFERENTIAL RELAY
94 HIGH SPEED TRIPPING RELAY
OSC OSCILLOGRAPH ELEMENT
TT TRANSFER TRIP
BFBU BREAKER FAILURE BACKUP -57

Amend. 57
Nov. 1980
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RELAY AND CONVERSION DEVICE (Continued)

+ BIAS AVG AVERAGE

AVG-R AVERAGE- REJECT 1:1 BOOST

%OR 1:3 GAIN OR ATTENUATE X MULTIPLY

DIVIDE f(x) FUNCTION GENERATOR

ANALOG TO DIGITAL OR
REV REVERSING A/D OR 0/A DIGITAL TO ANALOG

fINTEGRATE __ SUMMER

0 OR d/dT DERIVATIVE OR RATE SELECT LOWER

SELECT HIGHER CP COMPUTER

LIM LIMITER VOT 2OUTOF 3 VOTER

AUTOMATICALLY CONNECT, DIS-
1-o CONNECT OR TRAMSFER ONE OR ./ SELECTOR eg 114-1 OUT OF 4

MORE CIRCUITS
14 INTERLOCK, PANEL MOUNTED PATCHBOARD

OR MATRIX CONNECTION

ANNUNCIATOR

,• 'PANEL NO.

C D,4 ANNUNCIATOR POINT __ AUDIBLE ALARM

(71 -LW WINDOW NO.(• 7/16 ) L-LOWI

Amend. 57
Nov. 19830
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ONE LINE & ELEMENTARY DIAGRAMS

_ GANG OPERATED HIGH VOLTAGE
HORN GAP SWITCH PRIMARY FUSE

GANG OPERATED MOTOR OPERATOR
DISC SWITCH MO PET

LOAD BREAK SINGLE POLE

57
4

II GROUNDING SWITCH LIGHTNING ARRESTER

COUPLING CAPACITOR FOR
CARRIER CURRENT

MEDIUM VOLTAGE COMBINATION
FUSED DISCONNECT SWITCH &
MOTOR CONTROLLER. FULL
VOLTAGE. NON-REVERSING

COUPLING CAPACITOR WITH
POTENTIAL DEVICE

CARRIER CURRENT
WAVE TRAP

GROUND DETECTION CURRENT
TRANS. NUMBER INDICATES
QUANT. RATIO AS NOTED

CAPACITOR

I I ml

GROUND DETECTION CURRENT

TRANS. ZERO SEQUENCE TYPE.
NUMBER INDICATES QUANTITY

RATIO AS NOTED.

57

1.A-22 Amend. 57
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ONE LINE & ELEMENTARY DIAGRAMS (Continued)

57

2 - BUSHING TYPE POTENTIAL BUSHING TYPE
DEVICE NUMBER INDICATES CURRENT TRANSF. NUMBER

GQUANT. RATING AS NOTED 3 INDICATES QUANT. RATIO
AS NOTED

PWR. TRANSF. SIZE & RATING AS
POTENTIAL TRANSF. NUMBER NOTED. AA-OPEN DRY TYPE,
INDI1CATES IlUANT. RATING .tGA-SEALED DRY TYPE, DA-
AS NOTED . NATURAL COOLING, FA-FORCED

AIR (FAN) COOLING, FOA-FORCED
OIL-AIR (PUMP & AIR) COOLING

SREGULATING PWR. TRANSF. GROUND TRANSF. &SIZEGUATING PWRAS NOTE ~RESISTOR, SIZE & RATINGSIZE RATING AS NOTED•,--

L7 1 AS NOTED

REACTOR, SIZE & RATING
GENERALTRANSFORMER " AS NOTED

HIGH VOLTAGE CIRCUIT
DISCONNECT LINKS - BREAKER, INTERRUPTING CAP.,

SIZE & RATING AS NOTED

-STRESS CONE • CABLE TERMINATOR POTHEAD

COMB.3POLE AIR CIRCUIT

GROUND CONNECTION BREAKER & MAGNETIC
CONTACTOR NUMBER INDICATES

2 SIZE

Amend. 57
Nov. 19801.A-23



ONE LINE & ELEMENTARY DIAGRAMS (Continued)

3-POLE CIRCUIT BREAKER
DRAWOUT DISCONNECT DEVICE DRWOT YP~D RAWO UT TYPE

PWRi OPER. AIR CIRCUIT BREAKER
DRAWOUT TYPE, MAGNETIC OVER-
CURRENT TRIP. AF-AMP FRAME, AT-
AMP TRIP, M-MANNUALLY OPER. -- , MOLDED CASE AIR CIRCUIT

BREAKER, E-ELECTRICALLY OPER. BREAKER.3 POLE W/THERMAL

BREAKER, NA-NON-AUTOMATIC, & MAGNETIC TRIP
... . U-UNOERVOLTAGE ATTACHMENT

COMB. 3 POLE AIR CKT. BKR., COMB. 3 POLE AIR CKT. BKR.
FULL VOLT., NON-REVERSING & FULL VOLT. REVERSING
SIN GLE SPEED STARTER W/THERMAL SINGLE SPEED MAG. STARTER
OVERLOAD ELEMENTS. DRAWOUT WITH THERMAL OVERLOAD
TYPE NO. INDICATES NEMA SIZE. ELEMENTS DRAWOUT TYPE, NO.

INDICATES NEMA SIZE.

COMB. 3 POLE FUSED DISCONNECT AIR CIRCUIT BKR. DRAWOUT
SW. & FULL VOLTAGE NON- AIR TYECOIT TRIPPING

~Aflt~.e..REVERSING SINGLE SPEED TYPDVIE NO.LINDICTATESTIPN
STARTER, W/THERMAL OVER- DEVICE NO. INDICATES

1 LOAD ELEMENT& NO. INDICATES aUANTITY OF POLES

SIZE.

[4h,,, PRIMARY RESISTOR REDUCED - THREE WINDING, 30PWR.

VOLTAGE STARTER. NO. TRANSFORMER, SIZE & RATINGINDICATES SIZE AS /,NOTED

)PHASE SHIFTING MOTOR - NO. INDICATES
TRANSFORMER HORSEPOWER

MSYNCHRONOUS MOTOR
NO. INDICATES

••,•J• '"'V SIZE& RATING ASSHOWN '- HORSEPOWER

R HEOSTAT- MANUALLY A RHEOSTAT-MOTOR OPERATED
OPERATED

Amend. 57
Nov. 1980
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ONE LINE & ELEMENTARY DIAGRAMS (Continued) -!

+ -FUSE-CL INDICATED
-- 1'1'1---- BATTERY (MULTICELL) 1CURRENT LIMITING

(CL)

SHUNT RESISTOR

TRANSFER SWITCH M-MANUAL
RTO RESISTANCE TEMP. DETECTOR I 1OPERATED, A-AUTOMATICALLY

- :OPERATED

ELECTRICAL EQUIP.
-W•J-- SPACE HEATER , 8' POWER RECEPTACLE

480V, 100A
3*. 4W.

T CONTROLSW. W/RED & GREEN

GENERATOR -SIZE 4 IND. LIGHTS. P INDICATES

& RATING AS NOTED PERMISSIVE. T INDICATES
COMBINATION CONTROL/TEST
SW.

~kI k SARTSTO MANTANEDSTART -STOP MAINTAINED
~4~--~I COTACT PUSHUTOP ANTAINED CONTACT PUSHBUTTON W/RED

& GREEN IND. LIGHTS

4 START -STOP MOMENTARY RED & GREEN INDICATING

CONTACT PUSHBUTTON "- .,, . LIGHTS

S

57

0
Amend. 57
Nov. 1980
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ONE LINE & ELEMENTARY DIAGRAMS (Continued)

START -STOP MOMENTARY HAND-OFF AUTOMATIC
CONTACT PUSHBUTTON W/RED SELECTOR SWITCH
&. GREEN INDICATING LIGHTS

4W."SELECTOR SWITCH W/RED
& GREEN INDICATING LIGHTS 4-.ýTEST SWITCH W/RED

& GREEN INDICATING LIGHTS

L0 CONTROL SWITCH W/RED

LOCKOUT PUSHBUTTON GREEN & AMBER INDICATING
LIGHTS

INDICATING LIGHTS WITH
DROPPING RESISTOR. LETTER
INDICATES COLOR

BELL ALARM CONTACT

57

-4 ANNUNCIATOR POINT

VARIABLE RESISTOR

NC NORMALLY CLOSED

COMPUTER INPUT
OR OUTPUT SIGNAL

NORMALLY OPEN

ELECTRICAL INTERLOCK

Igl I I

Amend . 57
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ONE LINE & ELEMENTARY DIAGRAMS(Continued)
'U II I" ,

B- - - -
MECHANICAL INTERLOCK KEY INTERLOCK

MANUAL MOTOR STARTER,
I POLE W/THERMAL OVERLOAD I CLEAR INDICATING LIGHT

AMMETER VOLT METER

57

ADDITIONALLY FOR ELEMENTARY BLOCK DIAGRAMS

SOLID CIRCLE DENOTES OPEN CIRCLE DENOTES
-TERMINATION FOR INTERNAL . TERMINAL POINT FOR

WIRING T26 EXTERNAL WIRING

NUMBER ON TOP INDICATES
CABLE NUMBER. NUMBER
BELOW INDICATES CONDUCTORNUMBER AND COLOR CODE OF THE
CABLE ABOVE. EXAMPLE-NUMBER

3 EQUALS "RED".

57

9
Amend. 57
Nov. 1980
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ONE LINE & ELEMENTARY DIAGRAMS (TRANSFORMER CONNECTIONS)

304 ZIG-ZAG 3 0 ZIG-ZAG
UNGROUNDED GROUNDED

3,, 3W DELTA UNGROUNDED 3A 3W DELTA GROUNDED

3,A4W DELTA UNGROUNDED 30k,4W DELTA GROUNDED

340PEN DELTA, GND.
3 OOPEN DELTA AT COMMON PT.

3 0OPEN DELTA, GND. AT 30 BROKEN DELTA
MID POINT

3 OWYE OR STAR, 30.WYE OR STAR,

UNGROUNDED _ GROUNDED NEUTRAL

3 0,4W WYE OR STAR 30,4W WYE OR STAR,
" UNGROUNDED RESISTANCE GND. NEUTRAL

57

Amend. 57
Nov. 1980
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ELEMENTARY & 1 LINE DIAGRAMS (DEVICES)

ASTERISK INDICATES AS-AMMETER SW.
PLACEMENT OF TYP. VS-VOLTAGE SW.
ABBREVIATION OF SS-SYNCHRONIZING SW.
CONTROL DEVICE MSS-METERING SEL. SW.

ASTERISK INDICATES PLACEMENT ASTERISK INDICATES
OF TYP. ABBREVIATION.OF PLACEMENT OF TYP.
METER OR INSTRUMENT ABBREVIATION OF RELAY
PREFIX R - RECORDING OREVICE
No. DENOTES QUANT.

ELEMENTARY & 1 LINE DIAGRAMS (SWITCH CONTACT & MISCELLANEOUS SYMBOLS)

DIODE " J, . PUSHBUTTON-MOMENTARY
CONTACT, NORMALLY CLOSED

I PUSHBUTTON-MOMENTARY PUSHBUTTON LOCKOUT-0 0- CONTACT, NORMALLY OPEN

0 L.
" I PUSHBUTTON CONTACTS OF010 MAINTAINED CONTACT I OVERLOAD DEVICESI -,I"

ORE MSELECTOR.SWITCH
TORQUE LIMIT SWITCH (2 OR 3 POSITION)

THERMAL ELEMENT , , PROTECTIVE RELAY OR
SOLENOID

7366-28

Amend. 57
Nov. 1980
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ELEMENTARY 1 LINE DIAGRAMS (SWITCH CONTACT) (Continued)

NORMALLY OPEN

CONTACT (N.O.)

• i

MOTOR OPER. VALVE

POS. LIMIT SWITCH

NORMALLY CLOSED

CONTACT (N.C.)

INDICATING TYPE
FUSE

TRANSFORMER WITH

POLARITY SIGN

CONTACTOR OR

AUXIlLIARY RELAY

OPERATING. COIL
nc

II - - -- j

A DEVICE LOCATED IN A
DIFFERENT COMPARTMENT

WITHIN THE SWITCH GEAR

OR MOTOR CONTROL CENTER
57

U

57

POWER, GROUNDING " LIGHTING PLANS

SLGHTING PANEL F-- PANEL-
LG N • . MISCELLANEOUS

POWER TLMOO

DISTRIBUTION PANEL MTHORIZONTALLY MTD.

MOTOR . . TRANSFORMER-
VERTICALLY MTD. SIZE E RATING AS NOTED

MOTOR STARTER OR
CONTACTOR CONTROLLER

TRANSFER SWITCH_ DISCONNECT OR

i.-i SIZE E TYPE AS NOTED SAFETY SWITCH-

SIZE 6 TYPE AS NOTED

L.A-30 Amend. 57
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POWER, GROUNDING & LIGHTING PLANS (Continued)

57

POWER RECEPTACLE
MOTOR OPERATED

IOOA, 480V. 31. 4W VA LVE

SOLENOID OPERATED VALVE UNIT HEATER

CABLE TRAY OR LADDER
SYSTEM W/NUMBERS FOR

RADIANT HEATER 6 COMPUTER CABLE LOADING.
I1206 ELEV. ARE TO BOTTOM

EL. 32'-0"
_ _ _ _ _ _ _ _ _ _ _ _ _EL. 30'-9" OF TRAY.

5 KVBUS DUCT BUS DUCT OVER5 KV

DB DIRECT BURIAL CABLE _RIGID CONDUIT RUN
EXPOSED

RIGID CONDUIT EMBEDDED RIGID CONDUIT RUN
IN CONCRETE CONCEALED

RIGID CONDUIT RUN FLEXIBLE CONDUIT
BELOW EL. SHOWN

CONDUIT OR CABLE CONDUIT OR CABLE
'O TURNING UPOR TURNING DOWN OR

TOWARDS OBSERVER AWAY FROM OBSERVER

Amend. 57
Njov. 1980
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POWER, GROUNDING & LIGHTING PLANS (Continued)

. .. .GLIGHTING FIXTURE WITH INCAN-
(7 .. * INDICATES A LETTER WHICHEING DESCENT OR MERCURY LAMPS.Q *INDICATES A LETTER WHICH

MTG. HGT IDENTIFIES FIXTURE TYPE ASG C-2 IDENTIFIES FIXTURE TYPEAS
SPECIFIED ON LIGHTING FIXTURE SPECIFIED ON FIXTURE SCHEDULE.

ABOVE FINISHED SP D OC-2" INDICATES POWER SUPPLIED
FLOOR N SCHEDULE WALL FROM LIGHTING PANEL "C"

MTD. CI RCUIT NO. "2".

®CEILINGEZI

EXIT LIGHTING CEILING FLUORESCENT LIGHTING
FIXTURE FIXTURE

WALL
WALL

SBARE LAMP AC/DC EMERGENCY
, , ,FLUORESCENT STRIP LIGHTING UNIT

GOOSENECK LIGHTING STREET LIGHTING
W STANCHION & FIXTURE - FIXTURE

SINGLE POLE TOGGLE SWITCH

.FLOODLIGHT FIXTURE .a- IND. ASSOCIATED
CONTROLLED FIXTURES
3- IND. 3-WAY SWITCH

SWITCH &SINGLE CONVENIENCE SWITCH & DUPLEX CONVENIENCE

RECEPTACLE COMBINATION RECEPTACLE COMBINATION

RECEPTACLE - SINGLE RECEPTACLE - DUPLEX

CONVENIENCE, VERTICAL CONVENIENCE, VERTICALcSLOTS, 120V, 20A,:3W, SLOTS, 120V, 20A, 3W,
GNDED GNDED

CKTS. LP9.11.15
RECEPTACLE-SINGLE .. 2/4"C HOMERUNTO PANELBOARD-
PHASE, HORIZONTAL . /4 ALL UNMARKED CONDUITS ARE
SLOTS, 208V, 20A, 3W, 3/4" & CONTAIN 2 #12 UNLESS
GNDED OTHERWISE NOTED.

Amend. 57
Nov. 1980
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POWER, GROUNDING 6 LIGHTING PLANS (Continued)

J-IND. JUNCTION BOX
UNDERFLOOR DUCT TI-IND. TERMINAL BOX

,.--T- W!JUNCTION BOX ( [1 PB-IND. PULL BOX
- T-TELEPHONE DUCT ADD BOX NUMBER IF

P-POWER DUCT SREQUIRED

PUSHBUTTON STATION

PB STA.

POWER, GROUNDING ft LIGHTING PLANS (GROUNDING)

S"T-GROUND CONNECTiON
GROUND ROD

THERMIT WELD PROCESS

ANNEALED, BARE
STRANDED COPPER GND. GROUND CABLE

-G - CABLE RUN EXPOSED. 0 RISER UP

SIZE AS INDICATED

ANNEALED, BARE
.GROUND CABLE STRANDED COPPER GND.

DN GRUN.CBL. --
RISER DOWN CABLE RUN CONCEALED,

SIZE AS INDICATED

GROUND CABLE RISER GROUND CABLE RISER,

FROM UNDERMAT GND. rFT. LONG. TERMINATED0.GRID PER AT GRADE FOR FUTURE
CONNECTION

PILE WITH GROUND WIRE GROUND TEST BOX

CONNECTION TO TRAY CONNECTION TOGRUN--TGD NTM GO-IUGROUND INSTRUMENT GROUND

S

0
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CONTROL DEVICE CONTACTS (ELEMENTARY)

-. jINDICATES

PLACEMENT OF
.CONTROL DEVICE
ABBREVIATION
(SAME AS BELOW)

CONTROL DEVICE CONTACTS
(ELEMENTARY)

57

57

FLS FLS FLOW SWITCH TS TS TEMPERATURE SWITCH
*COIF *OOIF *CORT *OORT

LS LS

COS CUT-O UT SWITCH *CORL L LEVEL SWITCH

PS PS PRESSURE SWITCH CS CONTROL SWITCH
*CORP *OORP

T THERMOSTAT LMS LIMIT SWITCH

TDC TIME DELAY CLOSE INDICATES CLOSES ON INCREASE*C01F
TOO TIME DELAY OPEN *FOF FLOW•

DPS DIFFERENTIAL *001F INDICATES OPENS ON INCREASE
PRESSURE SWITCH OF FLOW

ELECTRO-PNEUMATIC INDICATES CLOSES ON
EPS SWITCH *CORP RISING PRESSURE

H HUMIDISTAT *OORP INDICATES OPENS ON
RISING PRESSURE

INDICATES CLOSES ON

PMS PERMISSIVE SWITCH *CORT sISING TEMPERATURE

RELAY INSTANTANEOUS *INDICATES OPENS ON
INST YCONTACT A*0RT RISING TEMPERATURE

INDICATES OPENS ON RISING LEVELAS INDICATES CLOSES ON
*OORL TABULATION OR TO APPLICABLE *CORT RISING LEVEL

DESCRIPTION COLUMNS.

Amend. 57
Nov. 1980
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DEVICE ABBREVIATIONS (ELEMENTARY)

57

SPECIAL EQUIPMENT PNEUMATIC'ELECTRIC
SE . .FURN.BYMFGR. PE P T EELAY

PT PRESSURE TRANSMITTER TE TEMPERATURE ELEMENT

Fl FLOW INDICATOR FT FLOWTRANSMITTER

T RELAY TIME DELAY L LEVEL
TDDO DROPOUT IT TRANSMITTER

RELAY TIME DELAY
T/C THERMOCOUPLE TDPU PICKUP

TZ TRANSDUCER

0

Amend. 57
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POWER, GROUNDING & LIGHTING PLANS (DEVICE ABBREVIATIONS)

57

57

XFMR TRANSFORMER I INTERLOCK

SWGR SWITCHGEAR STR STARTER

MCC MOTOR CONTROL CENTER HPO HEALTH PHYSICS OFFICE

PC POWER PANEL(AC) RHCP REHEATER
CONTACTOR PANEL

AUTOMATIC TEMPERATURE
PO POWER PANEL (DC) ATP CONTROL PANEL '

LC LIGHTING PANEL (AC) PT POTENTIAL TRANSFORMER

LD LIGHTING PANEL (OC) MTS MANUAL TRANSFER SWITCH

GND GROUND OB DIRECT BURIAL CABLE

LOCAL FIRE PROTECTIONC CONDUIT FPC
PUMP CONTROLLER

EP EXPLOSION-PROOF CT CURRENT TRANSFORMER

WP WEATHER PROOF POS+ POSITIVE

VT VAPOR TIGHT NEG NEGATIVE

EC EMPTY CONDUIT RL REMOTE LOCATION

- SEQUENTIAL

DT. DUST TIGHT SPTSEO TIAL
_______________________ ___________ PROGRAM TIMER

WT WATERTIGHT (SUBMERSIBLE) MR MULTIPLE RATIO

ISOLATED PHASE
RP RELAY PANEL IP BUS DUCT

EBB ELECTRICAL BENCH BOARD BD BUS DUCT

MBB MECHANICAL BENCH BOARD CP CONTROL PANEL

LTU LINE TUNING UNIT PE PHOTOELECTRIC
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COMMUNICATIONS

SPEAKER-*REPRESENTS HANDSET--REPRESENTS

LETTER CORRESPONDING TO LETTER(S) CORRESPONDING

SPEAKER AND/OR AMPLIFIER • TO HANDSET

TYPE TYPE

SPEAKER AMPLIFIER, SPEAKER. *REPRESENTS LETTER
*REPRESENTS LETTER CORRESPONDING TO[F]CORRESPONDING TO SPEAKER SPEAKER TYPE
AMPLIFIER TYPE

SPEAKER TYPE (USED WITH FOLLOWING DESIGNATIONS)
ýA DIRECTIONAL TRUMPET, 850 SOUND DISPERSION WITH 15- HORN (APPROX.); 20' BELL DIAMETER

(APPROX.) & 30W. DRIVER.

B PAGING/TALK BACK SPEAKER, 1050 SOUND DISPERSION, 9' HORN (APPROX.) 10' BELL DIAMETER
(APPROX.)

C WALL MOUNTED CONE SPEAKER ASSEMBLY,. WALNUT FINISHED SPEAKER BAFFLE WITH 8 Ohm. 8'
DIAMETER (APPROX.) CONE SPEAKER AND VOLUME CONTROL.

D CORRIDOR. TYPE. BI-DIRECTIONAL BAFFLE WITH 8- DIAMETER SPEAKER AND VOLUME CONTROL.

E FLUSH. WALL OR PANEL MOUNTED CONE SPEAKER ASSEMBLY WITH PROJECTING BAFFLE,
8- DIAMETER SPEAKER WITH VOLUME CONTROL,

F FLUSH, WALL OR PANEL MOUNTED CONE SPEAKER ASSEMBLY WITH FLUSH BAFFLE, 8- DIAMETER
SPEAKER

G MULTI-DUTY WEATHERPROOF HIGH-FREQUENCY SPEAKER. 1200 SOUND DISPERSION.

H DUAL. WIDE'ANGLE HORN SPEAKER, 1200 x 600 SOUND DISPERSION, 10 HORN (APPROX.)
18' X 9',BELL DIAMETER (APPROX.) WITH 30W. DRIVER.

SPEAKER AMPLIFIER (USED WITH FOLLOWING DESIGNATIONS)

M SPEAKER AMPLIFIER ASSEMBLY PUSH-PULL. CLASS B, 12WATT AMPLIFIER WITH INDIVIDUAL VOLUME
CONTROL; BAKED ENAMEL ON ZINC CHROMATE PHOSPHATE BONDED ENCLOSURE.

_N SPEAKER AMPLIFIER ASSEMBLY (AMPLIFIER TYPE SAME AS M) WEATHERPROOF ENCLOSURE.

HANDSET TYPE (USED WITH FOLLOWING DESIGNATIONS).

Q DESK-TOP STATION WITH REMOTE HANDSET SPEAKER, SPEAKER AMPLIFIER, VOLUME CONTROL 8`
ENCLOSURE.

K WALL STATION WITH HANDSET, SPEAKER AMPLIFIER Et ENCLOSURE.

R DESK EDGE STATION WITH SUBSET. REMOTE HANDSET, SPEAKER AMPLIFIER 8 ENCLOSURE.

.S FLUSH PANEL STATION WITH SUBSET, REMOTE HANDSET, SPEAKER AMPLIFIER 8 ENCLOSURE.

T WEATHERPROOF WALL STATION: WITH HANDSET, SPEAKER AMPLIFIER 8. WEATHERPROOF
ENCLOSURE.

TELEPHONE

DIRECT DISPATCH TELEPHONE . COMMERCIAL TELEPHONE

LOAD DISPATCH EE~ TELEPHONE
INTERCOM SYSTEM SWITCHBOARD

PRIVATE AUTOMATIC

P• EXCHANGE (PAX)
SOUND POWERED TELEPHONE

STELEPHONEJACK 0-INDICATES DESK MTD
W W-INDICATES WALL MTD

SOUND PROOF ENCLOSED

HANDSET

*
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COMMUNICATIONS (CONT.)

RADIATION MONITORS

75

UNDERGROUND DISTRIBUTION PLANS

MANHOLE HANDHOLE
-H# O "HH#

DUCT BAN K SEISMIC JOINT

SINGLE PHASE TRANSFORMER F1THREE PHASE TRANSFORMER
SIZE & RATING AS NOTED SIZE & RATING AS NOTED

S STREET LIGHTING REGULATOR

RATING AS NOTED
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0
HAZARD MONITORS-LOOP/LOGIC USE

HF VAPOR FIRE-IR

HF ACID VAPOR MONITOR INFRARED FLAME DETECTOR

FIRE-I FIRE--T@ ~THERMAL HEAT DETECTOR--

IONIZATION SMOKE DETECTOR THER TYDE

FIRE-P FIRE-TL

PHOTOELECTRIC SMOKE THERMAL HEAT DETECTOR-

DETECTOR LIETYPE

FIRE--UV FIRE--TR

THERMAL HEAT DETECTOR-

ULTRAVIOLET FLAME DETECTOR RATE OF RISE TYPE'

HAZARD MONITORS-SYSTEM ARRANGEMENT USE

IONIZATION SMOKE DETECTOR INFRARED FLAME DETECTOR

FIXED

IONIZATION SMOKE DETECTOR THERMAL HEAT DETECTOR-

(ON HVAC DUCTING) 0 FIXED TYPE

RATE

PHOTOELECTRIC SMOKE THERMAL HEAT DETECTOR-

DETECTOR RATE OF RISE TYPE

LINE

THERMAL DETECTOR-
ULTRAVIOLET FLAME DETECTOR LINE TYPE

57
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CHAPTER 2.0 SITE CHARACTERISTICS

This Chapter of the SAR provides information on the geological
seismological, hydrological, and meteorological characteristics of the
site and vicinity inconjunction with population distribution, land use,
and site activities and controls. The purpose is to indicate how these
site characteristics have influenced plant design and operating criteria
.and to show the adequacy of the site characteristics from a safety view-
point.

2.1 GEOGRAPHY AND DEMOGRAPHY

Section 2.1 provides information concerning a description of the
Site location and layout. The geography of the Site is described. Exclu-
sion area control and Site boundaries are discussed. Population distribu-
tion, permanent and transient, based on 1970 Census figures and, projections
thru the year 2010 are provided. Recreation activities within the adjacent
lands are described as well as public facilities and institutions. The
agriculture of the adjacent lands is also discussed. Uses of nearby bodies
of water are also described.

2.1.1 Site Location and Layout

The Clinch River Site is in east central Tennessee in the eastern
151 part of Roane County and within the city limits of Oak Ridge approximately

25 miles west of Knoxville as shown in Figure 2.1-1.- The Site is on a
peninsula bounded on. the south by the Clinch River between Clinch River
Mile" (CRM) 14.6 and CRM 18.6 and on the north by ERDA's Oak Ridge Rasera-
tion. Location of the Site with respect to proximity to populated areas,
railroads, highways and other features is shown in Figure 2.1-2.
Figure 2.12a shows the residential housing zone within the city of Oak Ridge

151 closest to the CRBRP site. An aerial photograph of the site is shoei.n in 7
Figure 2.1-3.

The coordinates of the center of the containment location for the.
CRBRP are given below in both latitude and longitude and Universal Trans-
verse Mercator (UTM) coordinates. Latitude and longitude are given to the
nearest second and UTM coordinates are given to the nearest 100 meters,:

latitude and Longitude UTM Coordinates

350 53' 24" N 3974 709 N x 736 2 6 2Ex84° 221 57" W

Plant location is illustrated on figure 2.1-5. It will be si.tua-
ted at 815 feet above mean sea level, placing it 74 feet above the mean
Clinch River water level of 741 feet. Chestnut Ridge extends across the
north edge of the Site at an elevation of 1100 feet, effectively screening
the.Site from the industrial park and the Gaseous Diffusion Plant. Pine
Ridge, which starts about 2.5 miles north of the Site and runs in a north-
easterly direction at an average elevation of 1,100 feet, screens the Site
from the city of Oak ridge. A portion of the dome of the Reactor Contain-
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ment Building may be visible to traffic crossing the Gallagher Bridge on
the Oak Ridge Turnpike (Figure 2.1-5) and approximately ten homes on the A
southern side of the Clinch River will have a limited view of the plant.
Figure 2.1-2 shows the relative location of major highways while Figure
2.2-2 contains a topological description of the Site.

2.1.2 Site Description

The Clinch River Site is made up of 1364 land acres on a peninsula
on the north side of the Clinch River (see Figure 2.1-4). The Site is
bounded on the north by ERDA's Oak Ridge Reservation and on the south by the
Clinch River. The property is owned by the United States of America and.
is presently in the custodylof the Tennessee Valley Authority (TVA). TVA
will transfer to ERDA the custody of those portions of the Site which are
reasonably required for the purpose of designing, constructing and
operating the CRBRP.

Of the 1364 acres within the Site boundaries, approximately 100
acres will be required for the Clinch River Breeder Reactor Plant (CRBRP)
and related facilities such as roads, railroads, and transmission corridors.
The Reactor.Containment Building and its auxiliary buildings will occupy
about four acres. The plant and all associated systems have been located
as shown in Figures 2.1-5 and 2.1-5a..

A portion of the Site to the north of the plant, between Bear
Creek Road and Grassy Creek, has been set aside for industrial deve•lop-
ment and is called the Clinch River Consolidated Industrial Park (CRCIP).
Approximately 112 acres will be occupied by the CRCIP.

All activittes' withih the' Site boundaries (except, the CRCIP)
will be under the-jurisdiction of-the applicant.

28

2.1.2.1 Exclusion Area Control

The area in which exclusion control can be exercised in the un-
likely event that-the need for such control arises is shown in Figure 2.1-5.
This area includes the Site (except the CRCIP) and the river adjacent to
the Site; the minimum exclusion distance will be 2200 feet from the Con-
tainment Building. Control within the Site boundaries (except the CRCIP) will 28
be by theapplicant; control-of the waterway will be coordinated with the
appropriate agency or agencies necessary to guarantee-such control as described
in the radiological emergency plan. presented in Section 13.3 of the PSAR

All activities within the Site (except the CRCIP) are under the juris-
diction of, the applicant. The-HensleyCemetery is located on the southern end of the
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Site. 'Hensley heirs will be allowed access for the purpose of visiting
and maintaining the cemetery; this access will be controlled by the
applicant. There 'is also an Indian Mound' nearby that Is of archeological
interest. Detailed investigation of the mound is scheduled to be completed
prior to start of construction. If further visitation to or study of this
mound is necessary, it will be controlled by the applicant.

Road access to the Site will be via River Road from the northwest.
At the. east boundary of the Site,. River Road will be barricaded and 1ocked,
to be opened only. in case of emergency. The river bank on the plant side
will be appropriately marked and posted to prevent any private or commercial
.use thereof.. Activities carried out in the Clinch River may include private
or commercial river traffic such as fishing, boating and barge transportation.
Signs will be posted. to inform river users of the. nearby nuclear plant.
Railroad access to the Site will be provided from the-ERDA's existing
facilities at the Oak Ridge Gaseous Diffusion Plant to the north ofthe Site
and will run parallel to River Road and the Site access .road, as shown
in Figure 2.1-5.

2.1.2.2 -Boundaries for Establishing Effluent Release Limits

A protected area will be located within the exclusion area; at no
point will the boundary lines of the two areas be coincident. The protected
area will enclose all systems and auxiliaries that are essential to safe.'
operation :and. shutdown of the plant and is shown in Figure 2.1-5 indicated,
by a security fence that will enclose the protected area.

A patrol road will be provided inside the fence with a clear,
unobstructed view inside and outside of the fence. Cleared areas will be
maintained .on both sides of the fence for a distance of at least 20 feet
outside and 50 feet inside the security. barrier. The fence and the areas
on both sides will be lighted and monitored. Access into the plant will
normally be through one guarded gateway, for personnel and vehicular
traffic. Railroad access into the Site will be provided from ERDA's

151 existing facilities at the Oak Ridge Gaseous..Diffusion Plant to the north
of the site and will run parallel to the Site access road. Rail access
will be unlocked only when admitting rail cars; the entrance gate will be
attended by a guard when unlocked.

The boundary for which routine gaseous effluent dose calculations
are performed is shown in Figure 2.1-4. The restricted area boundary (as
defined in 10 CFR 20) is defined to be the same as the Site boundary (except L
the CRCIP) and will be appropriately posted. Doses corresponding to routine c8
releases are computed at a downwind distance of 1800 feet,-the shortest
distance from the center of containment to the near bank of the Clinch River.

As discussed. in Section 15.5, CRBRP PSAR accident analyses will
include dose calculations for distances associated with the minimum

32 e exclusion distance (2200') and the Low Poptlation Zone (2.5 miles). For com-
parison purposes, safety calculations for the FFTF project include analyses of
doses for 1-1/2 miles and 4-1/2 miles from its reactor containment. The
1-1/2 mile .calculation corresponds to the minimun distance from the reactor

8
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containmentjto the site.. exclusion boundary allowing for future development
of :the- Hanford .Reservation as a;nuclear:.center. The 4-1/2 mile .
calculations .correspond :tto.:the. closestcdisftace of approach by the public
fi-rom qOnt'ainment 'to .the Hanford.Reservation B6undary. ".8

2.1.3• .Population zand. Populati on Distributilon:

Table '2.1-1 sshows. the l ocati on and size of urban centers (populationabove 2,500) :within' a 50-mile radius" of the Site. It shouldbe noted that
therer are:only• 21,.such urban .centers. and of these, two, Knoxville.. (population174,587) and Oak"Ridge (populatn 28, 31.9) have populations exceeding 25,000.
The 27 urban centers with populations less 'than 2,500 within .the 50-mile
radius are listed in Table ý2.1-2.

Further discussion of the 1970 population distribution (Ref. 1) and
detailed breakdow'n of the popul ati.on into radi al- azimuthal sectors wi thin
the' 50-,il e radius 'foI lows. Also a proje~tion of this population distribution
for, .the ye ar 2010-is- pr .ovide-d and an assessment of the magnitude of the trans-
ient p.,population is priiesnted,"Thie projected population figures were baseli ne.. .values published by. ý the". Tennessee Val.ley' Authority, Division. of Navigati on
Developmen tand Regional .-Studies, Economic :Research Staff in October, 1972
(Ref.2)."Iniprovidiing thes6e, yl ues consistent with nationall., regional,

:and ;OBE-Economic Area -ttal, :sets of "first approximations" were developedby aý ýFeVderalI,: team,,coiig o s mfrm the. Bureau of Economic Analysis;
the C•orpsof Engineers; the Tnnessiee"Valley Authority; and the Environmental
Protection iAgency. ','These first approximations were then correlated with
independently developed county basel§iine value to be used for each county.
Distribution into the sections required for this report was accomplished
using local urban vs. rural growth patterns.
2.1.3.1 - Resident .PopUlation Within Ten.Miles

The'urban centers of Lenoir City, Kingston, Harriman and Oak Ridge
151 are: located within 101miles of the plant as shown in Figure 2.1-2. Figure

2.1-6 shows the comparative' population ndistribution for. the CRBRP area
compared to three other-nuclear generating plants.

- A deta i-led analysis -of the-popul:ation distribution within the 10-mile
radius was performed. For this purpose, the region surrounding the plant was
divided into ,sixteen ,22-./2eazimuthal sectors with radial increments of 1,
2, 3, 4, 5-;and lO-.10 es, as Illustrated in Figure 2.1-7. The results of this
S analysis, as presented in Tablte 2.13, show that.the 1970 population out to
10 mil:es is 41,895, corresponding to an ,average. population density in this
area of 133- persons/square ,,il e.- .The .1970:.population distribution in

15 .each. azimthal1 sector for- the city.of Oak Ridgeis shown on Figure 2.1-2a.

"Within. 5 miles *of the Site, there are no significant concentrations
of population..' Approximately one-third of this area comprises land owned
by the U.S. government and in custody of the ERDA or TVA (including the

151 Clinch River Site)and is .within the city limits of Oak Ridge. Nevertheless,151 _ at least two-thirds of:the.resident population of Oak Ridge is located
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the city of Oak Ridge became self-supporting and self-governing. At this
time, the entire "Oak Ridge Reservation" (the entire 80,000 acres) was ,
designated as the city of Oak Ridge though the major portion of the.."city"
available for the residential development is limited because much of the
land is reserved for Government use... The total population of the city was
28,319 in 1970. Harriman is cut by the 10-mile radius to the west-northwest
and contains 8,734 people. Two smaller towns are located slightly closer,
to the Site. Lenoir City is about 9 miles south-east of the Site with
5,324 people and Kingston is about 7 miles to the west wi~th a population of
4,142 in 1970.

Development trends and potential indicate very little change within
a 5 miles radius during the lifetime of the Clinch River Plant. The develop-
ment patterns for the communities in the 5- to 10-mile range indicate that
only Oak Ridge has the potential for growth in the direction of the site.
The long-range pattern for Oak Ridge (probably beyond 1990).could result in
further concentrated development but no closer than 5 miles to the Site due'

51 to present zoning, as shown in FiTgure 2.1-2a.

The 1960 and 1970 census data show that the rural population within
10 miles of the Site has remained essentially constant. The population
growth has taken place near present urban centers of Oak Ridge and Kings-
ton, Projections for future growth include Oak Ridge, Harriman, Lenoir
City and Kingston.

Population distribution was also projected to the year 2010 (Ref. 2).

The results of this analysis of projected population distribution
within 10 miles of the plant are shown in Tables 2.1-4 through 2.1-7 from 1980,
thru 2010. From these projections, it is seen that the population within
10 miles of the Site is expected to grow from its present level of 41,895
in 1970 to 65,089 in 2010.

2.163.2 Resident Population Between 5 and.50 miles

Figure 2.1-9 shows the urban, centers of population in relation to
the Site. Virtually all of the area within.50 miles of the Site is within
Tennessee. Only a small portion of North Carolina and Kentucky are includ-
ed, The total 1970 population of the 23 counties having 5 percent or more
of their population within 50 miles of the Site was 768,955. This is an
increase of only 5.9% over 1960 as compared with a population increase of
10% for Tennessee and 1.3% for the nation. Population distribution for 1970
is shown in Table 2.1-8. Projected population distribution from 1980 thru
2010 is shown in Tables 2.1-9.thru 2.1-12. The Site is located within the
city limits of Oak Ridge, as described earlier, with a 1970 population of
28p319. At least two-thirds of.the resident population of Oak Ridge is
located beyond the 10-mile radius,

One major urban concentration (a population of,50,000 or more) is
located within. 50 miles of the Site. It is the Knoxville area in the .20-
to 30-mile range to the-east-northeast with a 1970 population of 174,587.
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In addition to Oak Ridge"..two smaller population centers" (popUla-
tion of 10,000 to 50,000) are within "50 mile's. . They are the.Maryville-.
Alcoa-iEagl eton Village area and Athens .. iThe Mary.ville-Alcoa-Eageton i.Vi~i-.
!age area is in the 20- to..30-mile range. to the east-,southeast and contains
26,892 people.. Athens is in the 30- to 40-mile range to the.south-south-
west with a 1970 population of 11,790,.

TVA is studying the possibility of development of Timberlake, a
new town on the shores of the Tellico Reservoir which will be formed when
construction of the dam is completed. Population projections. for Timber-'.
lake are 3,000 to 5,000 in 1980 and 12,000 to. 18,000 in 1990. .Therang•e
is dependent primarily on general -economic conditions. This population.

.should be .allocated to the 10- 20-mile SSE sector but it is.not includedin
the data in Tables 2.1-4 through 2.1-7 because of the tentative natu.reý of
the plans.

2.1.3.3 -Low Populati Zone

The low population zone.associated with the.CRBRP extends..radial' ly.
out 2.5 miles from the site. .Several smaller communities and. crossroadsi
settlements are scattered throughout this region and .are surrounded by .low.w
density rural: development. As shown in Tables 2.1-4 through 2'.1-7,.-zero..
population growth is expected within. 2.5 mi l es of the: si te during the l i.fe:
of the. plant.,

The 2.5 mile designation as the low population zone is based on,.

and consistent with, the definition offered in IOCFRIO0.

2.1.3.4 Transient Population

An investigation was made 6f the various activities conducted
within 10 miles of the Site to determine the magnitude of the.transient
population in the area. It was established.that no majorsport facilities*
or prisons exist within .this region and that the only components of the..''
transient population that are significant involve school *and indUstirial
activities during week days,. and recreational activities primarily over
weekends and holidays (Refs. 3,4,5).

Most of the transient population :near the Site is due to indus-
trial activities in 'the area which is discussed in Section 2.2. In addi-. o
tion, some recreation activities occur which add somewhat to the pop~u-
lation. Within one mile there is only one sparsely used informal access
and bank fishing area at the end of a dirt road.- There are two similar
informal use areas in the 1- to 3-mile range. There is- a 30-uhit, commer-.
cial. camping and day use area located about 2-3/4 miles southeast of the
•Site. *The maximum number of people (at any one time) at this camp site
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is estimated to be 80 in 1980 and 100 in 1990. A 100-unit commercial
camping site has been developed on the Caney Creek embayment near CRM

151 17. The camp is located slightly over one mile from the southeast boundary
of the Site and estimates of the maximum number of people at this camp site
(at any one time) for 1980 and 1990 are 270 and 340 people, respectively.
Activities at the camp site will include fishing, boating and swimming.

There is a small track where stock cars are raced located southeast of. the
site within three miles which may attract 5,500 to 6,000 fans at present
and an estimated 6,500 persons by 1990. The transient population within
5 miles of the Site is shown in Table 2,1-13.

Recreational areas within a 10-mile radius of. the Site are shown.
in Figure 2.1-10. Table 2.1-14 shows the approximate -mileage from the Site
to each recreational area along with the estimated number of persons that
were on each.site during peak hour use and the type of site activity. Peak
hour use was considered to be July 4 for each year. Projections for peak.
hours for the years 1980,1990,2000 and 2010 are included. Based on 1970
information, the peak hour recreational use of these facilities could result
in 3,565 persons being present, within 10 miles of the.Site. This number is
increased to 12,885 for the year 2010 projections. Assuming that these
visitors resided outside the 10-mile radius from the Site, this would only
represent an increase of about 8 percent over the permanent population in
the area.

The number of recreational craft locked through the Melton Hill
D am loCated about 4.5 miles east-of the Site or-6 miles up theClinch
River for the years 1966-1975 are shown in Table 2.1-15. The total number

151 of visitors to the Melton Hill Dam in 1971 was 225,000 while the total
number of visitors to the Dam since the projecttopened in 1963 was 2,596,000.

151 The commercial freight traffic onthe Clinch River is very sparse-and has not
exceeded 10,100 tons in any single-year over the past ten years.

151
2.1.3.5 Population Center

The nearest population center to the CRBRP is the City of Oak
Ridge with a 1970 population of 28,319. (Projected 2010 population of 54,500).
The population center distance as defined in 1OCFRIOO is 7.0 miles in the

32 NNE direction (Oak Ridge Country Club).

2.1.3.6 Public Facilities and- InstitutiqoRns

Twenty- wo schools located within a8 10 mile radius of the Site,

151 (Figure2.1-11) had a 1971 total enrollment of 7901 students (Table 2.1-16).

Oak Ridge anticipates building a new elementary School for their system by

1990. However, this school and other new schools in the foreseeable future
will be built to replace plants presently in use as they become obsolete.
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j

The other school systems included within the 10-mile radius do not: forecast
any significant expansion beyond that necessary to meet future educational
requirements as obsolete plants and facilities are retired or renovated.

According to the Journal of the American Hospital Association,
(Ref. 6) the nearest hospital to the Site is the Harriman City Hospital with
109 beds, located about 10 miles to the west-northwest.-' The Loudon County
Memorial Hospital, with 50 beds, is located about 10 miles to the south-southeast
and Oak Ridge Hospital of the United Methodist Church, with 220 beds, is
located about 15 miles to the northeast. *A tabulation of additional hospital
facilities and their respective capacities within 50 miles of the Site is
shown in Table 2.1-17. No new hospitals. are planned within the 10-mile
radius in the foreseeable future. Two primary reasons for this are the scarcity
of medical doctors at the local level and the proximity to the well equipped and

1.5 staffed hospitals in nearby Knoxville.

Forecasts for public and private recreational area are given in
Section 2.1.3.4 and Table 2.1-14.

2.1.4 Uses of Adjacent Lands and Waters

The region within a 10-mile radius of the Site encompasses resi-
dential, farm, recreation and industrial areas, Schools and hospital.s are
the only public facilities located within the 10-mile radius. They are
shown in Tables 2.1-16 and 2.1-17. There are no airports within the 10-
mile radius of the site; it is served primarily by a highway system. The
industrial and recreation areas are listed in Section 2.2.1.1 and Table
2,1-14. The eastern Tennessee area within the 10-mile radius has only five
commercial dairy farms. There is no mineral production within the 10-
mile radius; however, mineral production, primarily in the form of strip
mining, does play an important role in the area, particularly in Morgan
County. Transportation use of adjacent lands and waters is discussed in
Section 2.2.1.3.

2.1.4.1 A

The majority of the region within the 10-mile radius lies within
15 Roane county, touching only slightly in Morgan, Anderson, Knox and Loudon1 Counties, Checks with county agents have revealed that there are no farms

located within the 10-mile radius in Morgan, Anderson or Knox Counties (Ref. 7).
There are four dairy farms in Roane County and, one. dairy farm in Loudon
County within 10 miles of the plant; these are shown in Figure 2.1-12 and
tabulated in Table 2.1-18. Additionally, the Agricultural Research Laboratory
operated by the University of Tennessee is located at the intersection
of Bethel Valley and Scarboro Roads in the northeast sector. Since this
falls outside the 10-mile radius, the animal population has not been sur-
veyed, During a survey conducted in the spring of 1974papproximately 475
head of beef were counted within 5 miles of the Site. Scattered herds,
ranging in size from 20 to 30 head were located in the southeast, south-
west, and northwest quadrants. Interspersed with the beef cattle were
61 milk cows. Agricultural crops within the 10 mile radius were reported
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15 as grown on scattered -small plots for single fjmily use.

In general, farming in eastern Tennessee has followed the national
trend of a steadily decreasing number of farms with the remaining farms in-
creasing in average size (Ref. 8). Figure 2.1-13 shows this trend for the Emory
River Valley and the county agents agree that this trend is valid in the
local area. Because more off-farm employment opportunities exist now than
in the past, the trend has been to shift from dairy cows and other forms of
farming to raising beef cattle which requires much less labor. The trend
mentioned for the Emory River Valley, as shown in Figure 2.1-14, shows that
beef cattle production has doubled from 1939 to 1964. The latest agricul-
tural census, 1969, shows that the trend has accelerated and that beef cat-
tle production in that area has nearly doubled in the 5-year period between
1964 and 1969. Also, according to the 1959 census, the number of farms in the
general area around the plant has decreased by 12%, but there has been a
10% increase in the size of farms from 1964 to 1969 (Ref. 9). While this trend
is believed to apply to the general area around the plant, as indicated
above, the number of beef cattle in the immediate area of the Site (within
10 miles) is insignificant.

Although some grains produced outside of the immediate area are
used to supplement their diet, dairy cows in the farm nearest the CRBRP

151 Site are allowed to graze outside~all year (Ref.. 10). Therefore, dose calcula-
tions reported in Section 11 assume that 100% of the annual diet of both
cows and cattlecomes from the fields. Variables used in the calculation
of dose to man from ingestion of leafy vegetables, such as total daily in-

I• take and yield per-unit area of cultivated land are provided in the Appendix
to Section 11. All other variables such as total intake of beef and milk
and elapsed time between butchering of beef and ingestion are also provided
in that appendix.

2.1.4.2 Surface Water Use

151 There are 11 public water supplies withdrawing water from surface
sources within a 20-mile radius of the Site. Three of these supplies.
are located where they could be influenced by the plant's water dis-
charges. The city of Rockwood, Tennessee, has an auxiliary public water
intake located on the King Creek embaymnent of Watts Bar Reservoir where the
Dotential for reverse flow exists. Under certain conditions Clinch River

15 waters could flow upstream in the Emory River. Such flow could possibly
affect the Cumberland Utilities District surface water intake on the Little

15I Emory River and the Harriman water supply intake in the Emory River. Of
the 16 industrial water supplies presently within a 20-mile radius of the
Site, only five are located where they could be influenced by waterborne
discharges from the Site. The closestof these in located 1.6 miles
downstream from the Site at CRM-14.4. This supply is used to provide
potable water at the Oak Ridge Gaseous-Diffusion Plant and the small
.industrial,%park at the north end of the Site property. The secotiu is an
ERDA supply at CRM-II.5. This supply is utilized for industrial, non-

15 consumptive purposes. The other supply which could be influenced by discharges
from the Site is the

Amend. 15

2.1-9 Apr. 1976



TVA Kingston Steam Plant. This supply is withdrawn from the Emory River,
which is influenced by flow coming down the Clinch River during certain
periods of the summer,and it is used for in-plant purposes, including
potable uses, as well as ̀  cool i ng..' A.B. Long Quarries, Incorporated, and
Mead Corporation are both located on the Emory River arm of'Watts Bar
Reservoir, Which could receiVe upstream flow from the Clinch River, but
neither 'of these supplies is used for potable or sanitary purposes. The
location of industrial water supplies is shown in Figure 2.1-15 and
additional information is given in table 2.1-19. Water usage by the CRBRP
will be such that water quality and use will not be affected.

Downstream from the plant, two other public water supplies can be
influenced by water flowing past the Clinch River Site. The nearest, 30-
mil.es. from the Site, is Spring City with a population of 1,756 which with-
draws 120,000o gallons per day from the Piney River. Piney River is in-
fluenced by the backwater from Watts Bar Dam. The second is the city of
Dayton, 44 miles from the Site, 'Which withdraws 1,400,000 gallons per day
from the Tennessee River. Dayton has a population of 4,361.

Because of the number and proximity of both private and public
recreation areas, there is a fairly high degree of recreational usage of
the 'Clin-ch River during the summer months. As Table 2.1-14 shows, most of
the iereational a-reas are of the day-camp type. Recreational use of the
* Melton Hi ll:1 Lock. i s -gi ven in*T7ble,'2. 1-15.

No.:quantitative data is currently available on the amount of fish
caught in this region by sport fisherman. for human consumption (Ref. 11)..
several general remarks.concerning the fish resources at the Site can be
made.. Only two game fish are well represented, the Sauger and the White
Bass (Ref. 12'). Forage and rough fish dominate in both numbers and biomass.

15 Although Watts Bar Reservoir produced a commercial fish harvest of nearly
95,000 pounds in 1973, catches within a 10 mile radius of the site amounted

to only 1% of this total (Ref. 13).

151
Dose calculations presented in section 11 from ingestion of aqua-

tic foods assume average consumption of 5 g/day and utilize bioaccumulation
factors. listed in the Appendix to-Section 11.

2. .L4.3 Groundwater Use

Because much of the development has been rural residential, it has
notý been economically feasible to use public water suppl.ies for every resi-
dence. Thus, many individual wells are found in the area near the Site.
Additional information is provided in section 2.4. Within a 20-mile radiusof the.-Site, there are 17 public water supplies withdrawing water from wells
and springs. These are listed in Table 2.1-2.0. The-locations of public
water supplies within.10 miles of the Site are shown in Figure 2.1-16.

Amend. 15
2.1-10 Apr. 1976
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TABLE 2.1-1

URBAN CENTERS WITH POPULATION >2500 WITHIN A
50-MILE RADIUS-OF THE DEMONSTRATION

PLANT FOR CENSUS YEAR 1970

Urban Center,

Knoxville

Oa'k Ridge-

Maryville

Athens

Harriman

Alcoa

La Follette

Crossville

Lenior City

Rockwood

Eagleton Village

Cl inton

Dayton

Sweetwater

Kingston

Etowah

Loudon

Oliver Springs

Sevierville

Madisonville

Oneida

County

Knox

Anderson-Roane

Blount

McMinn

Roane

Blount

Campbell
'Cumberland

Loudon

Roane

Bl ou nt

Anderson

Rhea

Monroe

Roane

McMi nn

Loudon
SAndersonlSMorgan
L oane J
Sevier

Monroe

Scott

DiJstance
From

Plant (miles)

21.50

9.00

25.00

32.75

9.50

23.50
•36.50

36.50

8.75

16.00

'25.25
20.50

44.50

20.00
•7.'00

39.25

10.50

10.74

S45.50

25.25

42.50

Approx.

Direction

ENE

NE

ESE

SSW

WNW

ESE

NNE

W

SE.

W

ESE

NE

SW
SSW
W

SSW

SSE

NNE

S

N

Population

174,587
28,319

13,808

11,790

•8,734

17,739

6,902
.5,381
•:5,324!.

5,259

•5,35

4,794

ý14,361

4,340

4,142

3,736

3,728

3,405

2,`661

2,614

2,602

Distances measured from the edge of the residential areas nearest the site.

Z.l-12



TABLE 2.1-2

URBAN AREAS WITH POPULATION <2500 WITHIN A
50-MILE RADIUS OF THE DEMONSTRATION

PLANT FOR CENSUS YEAR 1970

Urban Center

Lake. City"
Norris.

Pikeville

Friendsville

Townsend

Charleston

Caryville

Jacksboro

Pleasant Hill

Allardt

Jamestown
Greenback

Philadelphia

Calhoun

Engl ewood

Ni ota.

Decatur

Tellico Plains
Vonore

Oakdal e

Wartburg

Spring City

Huntsville

Gatl inburg.

Pigeon Forge

Luttrell

Maynardvi 11 e

Distances measured

County

Anderson
Anderson

Bledsoe

Blount

Blount
Bradley

Campbell

Campbell

Cumberland

Fentress

Fentress

Loudon

Loudon

McMinn

McMinn

McMinn

Meigs

Monroe

Monroe

Morgan

Morgan

Rhea

Scott

Sevier

Sevier

Union

Union

Distance
from

Plant (miles)-

25.75

27.25

49.50

16.75

38.25

46.75

29.75

32.25

46.00

43.75

48.00

19.75

14.75

46.50

32.75

27.75

34.75

36.75

22.25

11.75

19.00

29.75

36.25

49.50

45.50

41.75

40.75

Approx.
Direction

NNE

NE

WSW

ESE

ESE

SSW

NNE

NNE

W

NW

NW

SE

S

SSW

S

SSW

SW

S

SSE

WNW

NW

WSW

N

ESE

E

ENE

NE

Population

1,923

1,359

.1,454

575

267

792

648

689

293

610

1,899

318

554

624

1,878

629

698

773

524

376

541

1,756

337

2,329

1,361

819

702

to edge of residential area nearest the site.
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TABLE 2.1-3

POPULATION DISTRIBUTIONI WITHIN. 10 tILES
OF THE DEMIONSTRATION PLANT

FOR.CENSUS YEAR 1970*151

Sector
Designation

N :

NNE,

3 E NE.
•ENE-,

E
ESE,

SE
SSE

S
SSW1.

SW.
Wsw!

W
WNW

NW

NNW

0-1

0

0

0

5

10

5

0

0

5

0

5

0
0

0

0

0

1-2

0
0

0

5

5

15
15

35

35

25

30

55

60

20

0

Radial

2-3
0

0

0
0

30

15

45

20
20:

5

30

70

165

100

0

0

Interval
3-4

0

0

30

65

95

120

75

70

100

115

105

30

0

0

(miles)

4-5

0

0

0
010

115

115

125

95

65

75
250

75

55

45

75

5-10"

1,375,
7,850

1,680

1:85
940,

1,895

8,700.,

955

335

175
305

2,950.

3,760

5,545

1,270

1 235

Sum for Radial Interval

Accumulative Total up to
Radius Indicated

Average Density
(people/mi 2 ) in
Radial.Region

30 305 500

30 335 835

10 32 32

805 1,100 39,155

1,640 92740 41,89,5

3JI 37 39 166

15 based on information prepared by TVA Division of
Regional Studies, Economic Research.

Navigational Development and

Amend. 35
Feb. 19772.1-14



TABLE 2..1-4

PROJECTED.POPULATION DISTRIBUTION WITHIN
10 MILESOF THE DEMONSTRATION PLANT

FOR CENSUS YEAR 1980

Sector
Designation

15

N

NNE

NE
ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

0-1

0

0

0

5

10

5

0

0

5

0

5

0

0

0

0

0

1-2

0

0

0

5

5

5

15

15

35

35

25

30

55

60

20

0

Radial

2-3

0

0

0

0

30

15

45

20

20

5

30

70

165

100

0

0

Interval

3-4

0

0

0

0
30

65

95

120
.75

70

100

115

105

30

0

0

(miles)

4-5

0

0

0

0

10

115

115

125

95

65

75

250

75

55

45

75

5-1 0

1,375

7,850

6,261

185

940

1 ,895

9,605

955

335

175

305

2,950

4,360

7,111

1,270

1,235

Sum for Radial Interval

Accumulative Total up to
Radius-Indicated

Average Density
(people/mio) in
Radial Region.

30 305

30 335

500

835

805

1,640

37

1,100

2,740

46,807

49,547

10 32 32 39 199

Amend. 15
Apr. 1976
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TABLE 2.1-5

PROJECTED POPULATION DISTRIBUTION WITHIN
1 MIL..,,ES OF THE DEMONSTRATION. PLANT

FOR ý..CENSUS. YEAR-1990

Sector
Designati~on

Radial
:0- 1 1-2 .2-3

151

N

NNE

'NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

0

0
0

5

0

0
5

0

5

0

0

0

0
0

0

0

.0

5

5

5

15

15

35

35

25

30

55

60

20

0

0

0
0

0

30

15
45

20

20

5

ý30

70

165

'100

0

0

500

835

Interval

3-4

0

0

0

0

30

65

95
120

75

70

100

11-5

105

30

0

0

805

(miles)

4-5

0

0

0
0

10

115

115

125

95

65

75

250

75
55

45

75

1 ,100

5-10

1,513

9, 02.-P

7,200

203

1,034

2,122

1.0,950

1,003

342

184

342

2,950

4,796

7,822

1,397

1,358

52,243Sum for Radial Interval

Accumulative Total up to
Radius 'Indicated

Average Density
(people/mi 2 ) in
Radial Region

30 305

30 335 1,640

37

2,740

39

54,983

2221:0 32 . 32

Amend. 15
Apr. 1976 S
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TABLE 2.1-6

PROJECTED POPULATION DISTRIBUTION WITHIN
10 MILES OF THE DEMONSTRATION PLANT

FOR CENSUS YEAR 2000

Sector
Designation

Radial
2-30-1 1-2

15

N -

NNE

NE

ENE

E

ESE

.SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

Sum for Radial Interval

Accumulative Total up to
Radius Indicated

Average Density
(people/mi 2 ) in
Radial Region

0
0

0

5

10

5

0

0

5

0

5

0

0

0

0

0

0
0

0

5

5

5

15

15

35
35

25

30.

55

60

20

0

0
0

0

0

30

15

45

20

20

5

30

70

165

100

0

0

500

835

Interval
3-4

0

0

0

30

75

95

120

75

70
100

115

105

30

0

0

805

1 ,640

37

(miles)
4-5

0
0

0

0

10

115

115

125

95
65

75

250

75

55

45

75

1,l00

2,740

1,664
9,929

8,064

213

1,054

2,334

12,483

1 ,053

345

185

345

3,216

5,276

8,604

1,537

1,494

5•7,796

60o,536

5-10

30 305

30 335

10 32 32 39 245

Amend. 15
Apr. 1976
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TABLE 2.1-7

PROJECTED POPULATION DISTRIBUTION WITHIN
10MILES:"OF THE DEMONSTRATION.PLANT

- % FOR CENSUS YEAR 2010.I

Sector
Designation 0-1

15

N

NNE
NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW
'W"

WNW

NW,

NNW

0

0

0

5

10

5

0
0

5

0

5

0

0

0

0

0

1-2

0

0

0

5

5

5

15

15

35

35

25

30

55

60

20

0

Radial
2-3

0

0

0

0

30

15

45

20

20

5

.30

70

165

100

0

0

Interval

3-4

0

0

0

0
30

65

95

120

75

70

100

11.5

105

.30

0

0

(miles)
4-5

0

0

0

0

10

115

115

125

95

65

75

250

75

55

45

75

5-10

1,830
10,921

8,870

224

1,107

2,521

14,231

1,085
352

187

376

3,377
5,487

8,690

1 9552

1,539

Sum for Radial Interval

Accumulative Total up to
Radius Indicated:

Average Density
(peo0ple/mi 2) in
Radial Region

30 305

30 335

500

835

805

1,640

37

1,100

2,740

62,349

65,089

10 32 32 39 265

Amend. 15
Apr. 1976
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TABLE 2.1-8

POPULATION DISTRIBUTION WITHIN 50 MILES
-QF THE DEMON :STRATIONPLANT

FOR 'CENS US 'YýEAR 1970o

Radial Interval (miles)Sector
Designation

N'

NNE.

NE :

ENE,

E

ESE . :

SEý,

SSE". .

S

SSW

SW

W

WNW

NW

NNW-

0-5

0

0

0

10

85

205

270

280

230

175

235

465

400
. •.-. 245

65

75

5-10

1 ,375
"7,850

1. 1,680

185
'. .•940,

1,895

8:,700

955

335

175

.• .305

!2,950

3,760
•.fi5, 545

12,270

Y1235

1:0-20

2,000

5-.5,845
ý-26.,955

1 3,450

21 520

-3,;890,

2,$220

4,385

4e 590

1:,725
1,,i!,•I,285

1 ,890

11,135

•,•965

2.?9 730
3,9035

20-30

705

8,515

13,110

129., 165
.374,020

..42,620
- :•6,;280

:.i3:,045

... 8,475

'/8,P55

1,980

2,670

2 ,365

230

2,490

905

30-40

3,085

13,575

4,675

31,395

15,025

4,325

270

995

7,355

20,045

59,260

3,375

9,290

3,290

2,205

4,235

40-50

.6,480

8,160

5,665

9,875:

15,345

1,700

1,315,ý

1,450,

2,580,

10,480

9,59.0

3,995-

3,91:0,

3,915

6,36,5"

2,230.

93,055Sum fbo-Radial
Interval

Accumulative
Total.•.p to.
Radius Indicated

Average Density
(people/mi 2 ) in
Radial Region

2,740 '39,155 1:10,620 304,830 '128,400

2,740

35

41,895 152,515 457,345 585,745 678,8.00`:.

167 117 194 58 33
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TABLE 2.1-9

PROJECTED POPULATION.DI*I STRIBUTION WITHIN
50 MILES OF THE DEMONSTRATION PLANT

FOR CENSUS-YEAR .1980

Radial Interval. (miles)Sector
Designation

N

NNE

NE.

ENE

E

ESE

SE

SSE"

SW

WSW*

WNW%:

NW

NNW:,

Sum for Radial
Interval

Accumulative
Total up to.
Radius Indicated•

Average Density
(people/mi 2 ) in
Radial Region

0-5 5-10

0 1,375

0 7,850

0 6,261

10 "185

85 940

205 1,895

270 9",605

280 955

230 :335

175. 175

235 305

465 2,950

}400 4,360

245 7,111

65 1,270

75 1.,235

2,740 46,807

10-20

.2,325

6,430

31:045

16,140

23!,670

4,160

2!,310

4•520

4,'C680

1,.. 760

14 15
.2,080

:,12',360

4-,480

3,000

3,035

20-30

685

8,260

13,240

1 42,085

77,720

48,585

6,405

3,555

10,170

-8,585

1,980

2,670

2.-365

230

2.2,490

.905

30-40

3,580

16,190

4,815

34,220

.16,660

5,840

275

995

7,500

24,055

5,680

3,645

10,310

3,290

2,205

4,235

40-50

7,060.

8,405

6,685

10,860

17,215'.

2,040'.

1,320.,

1,450

2,570.•

12,365'

10,455:

4,195

4,300DO
4,070

.6,430

.2,2301.

1-23,410 329,930 143,495 101,650"

2,740 49,547 172,957 502,887 646,382 .748,'.032

35 199 130 210 65 36

/ B
wJ
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TABLE 2.1-10

PROJECTED POPULATION DISTRIBUTION WITHIN
50 MILES OF THE DEMONSTRATION, PLANT

FOR CENSUS.Y EAR 1990

Rad~ial Inte rval (miles)Sector
Designation 0-5

N

NNE

NE

ENE,

E .

ESE

SE

SSE

S

SSW--

WSW

W

WNW .,

NW'

NNW'

0

0

0

10

85

205

270

280

230

175

235:

465

400

245

65

75

5-10

1 :,513

9,027

7,200

.203

1 ,034

.2,1:22

1:0,950

1ý, 3003

342

184

ý. 342

2,950

4,796

7 7,822

1,397

1 ,358

.10-20

-2,560

7,.075
.36,635

:190365

26,040

4,410

2ý 400

.4,655

'A.4775
1 ,795

1:9 585

2"2;290
13,595

52 065

3,300

3,035

20-30

685

8,010

13 900

156,295
81,605

-56,360

6,660

3.5,3,730

11,190

9,015

1 ,985

2,750

2,365
.230

2 ,490

" 900

30-40

4,010

17,650

5,250

37,640

18,325

7,185

280

1,000

7,650

26,220

6,360

3,940

.11,240

3,290

2,205

4,235

40-50

7,835;

8,660

8,890

12,270

19,280i

2,365

1 ,325

1,450

2,560,

14,345

12,130::

4,320

4,685

4,190

6,625

2,230

Sum for'Radial
Interval

Accumulative.
Total:-up to,
Radius Indicated

Average Density
(peopl e/mi 2 ) in
Radial Region

2,740 '52,243 138,580 358,170 156,480 113,160:

2,740 54,983 '193,563 551,733 708,213 821,373

35 222 147 227 71. 40-
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TABLE:2.1-11

PROJECTED POPULATION DISTRIBUTION WITHIN
50 MILES.OF THE DEMONSTRATIOII PLANT

FOR.CENSUS YEAR.2000

Sector
Designation

Radial Interval (miles)

0-5 5-10 ,10-20 20-30 30-40 40-50

N -

NNE

NE

ENE

E

ESE

SEý."

SSE'ý,4

SSW

SW

WSW

W

WNW"

NW -

NNW,

0 1,664 2,815

0 9,929 7,780

0 -8,064. 42,860

10 213 23 240

85 1,054 28,640

205 2.,334 4,630

270 .12,483 :2'500

280 11,053 -4,795

230 345 4,870
•?": .175 4.. 185 i 'i,] 830

235 345 1",710

465 3,216 :2,515

400 5,276 14,820

245 8,604 5,465

65 - 1,537 3,630

75 ,494 .3,035

2,740 57,796 155,135

685

.7,770

.14,595

171,920
-85,685

64,810

6,930

393,955
.12,530

.9,085

1,985

2,805
2,365

225

2,490

900

4,450
18,355

5,615

41,030
.(20,160

8,190

280

1,000

7,650

30,940

6,360

4,290

12,135

3,290

2,205

4,235

8,620

8,91.5

11,650

13,255

21,600

2,815

1 ,330'

1,450

2,550

16,350%..:

13,220,

4,535

5,205,

4,275

6,6901
2,230

Sum for Radial
Interval ....

388,735 170,185 124,690

Accumulative
Total up to
Radius. Indicated,

Average Density
(people/mi 2 ) in
Radial Region

2,740 60,536 215,671 604,406 774,591 899,281

35 245 161 247 77 44:

9I
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TABLE 2.1-12

'PROJECTED POPULATION DISTRIBUTION WITHIN
50 MILES OF THE DEMONSTRATION PLANT

FOR CENSUS YEAR 2010

.Sector
Designation

N

NNE

NE

ENE
E.

ESE,

SE

SSE

SSW_

SW

WSW
W

WNW

NW

NNW

Radial Interval (miles)

0-5

0

0

10

85

205

270

280
.230

175

235

465

400
.245

65

75

5-10

1,830

10,921

8,870

224

1,107

2,521

14,231

1,085

.352

187

376

3,377

5,487

8,6q90

1,552

1,539

10-20

3,095

8,560

50,575

27,890

31,505

4,860

2,600

4,940

4,970

1 ,870

1,915

2,770

16,595

6,015

4,065

3,035

20-30

685

7,690

15,180

189,115

89,970

73,885
•7,205

14,235

14,160

9,720

1,990

2,890

2,460

225

2,490

990

30-40

4,980

19,275

5,955

45,135

22,175

9,335

290

1,005

7,805

37,130

6,490

4,465

13,470

3,290
2,205

4,235

40-50

9,570

9,185

14,560

14,180

24,190

3,295

1 ,330

1,450

2,540

18,315

14,410

4,675

5,720

4,360

6,825

2,230

Sum for Radial
Interval

Accumulative
Total up to
Radius Indicated

Average Density
(people/mi 2 ) in
Radial Region

2,740 62,349 175,260 422,890 187,240 136,835

2,740 65,089 240,349 663,239 850,479 987,314

35 265 186 269 85 48
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TABLE 2.1-13.

TRANSIENT POPULATION WITHIN 5-MILE RADIUS OF SITE

15

15

Distance
(mi 1 es.)

1.0.

1.5

1.5

1.5

2.0

3.0

3.0

3.5

4.0

54.

5.0

Activity

.Recreation Area

U. S.. Nuclear, Inc.

Nuclear Environmental Engineering, Inc.

Nuclear Assurance Company

Recreation Area

Recreation Areas (6)

Oak Ridge Gaseous Diffusion Plant

Edgewood Elementary School

Oak Ridge National Laboratory

Melton.Hill Dam (TVA)

,Recreation.Areas (5)

Daily Transients

48

95

20

6

83

6,423

4,607

150

4,0l29

512*

248

151¸ *This number includes a daily average of "U500 visitors plus a staff

of 12 workers.

Amend. 15

2.1-24 Apr. 1976



TABLE .2.1-14

ESTIMATED AVERAGE PEAK.HOUR USE AT RECREATION AREAS WITHIN

..10 MILES OF THE CRBRP* I 23

Mileage
Zone

O to 1

1 to 2

Site
.No.

2
3+
4+

.5+
6+
-7

Est.
1970

40

70
- 15

200

5,000
60
15

No. Persons Present
1980 1990

55 70

During Peak Hou
2000 201(

80 -90

r

95
20

270

6,000
80
20

115
25

340

6,500
100
25

2 to 3

3 to 4 8

4 to 5

5 to 6

6 to 7

7 to 8

9+
10
11
12
13

.14
15
16+
17

18
19+
20
21
22
23
24
25

26+
27
28
29
30
31
32+
33
34
35
36+
37
38+
39+

70

15
70
15
.70
40

25
40
15
40

40
100
15
40
40
40
40
.70

20
40
40
.70
40
70
15
15
40

.40
30
20
70
55

95 115

20
95
20

1 ,100
55

35
55
20
55

55
135
20
55
55
55
55

..95

25
55
55
95
55
95,
15
.20
55
55
45
25
95
75

2.1-25

25
115
25

1,200
70

.•45
70
25
70

70
170
25
70
70
70
70

115

30
70
70

115
70

115
20
25
70
70
55
35
115
90

130
30

360

7,000
110
30

130

30
130
30

1,300
80

50
80
30
80

80
190
30
80
80
80
80

130

35
80
80

130
.80

130
25

.30
80
80
60
40

130
105

145
30

420

7,300
120

30

145

30
145
30

1,500
90

55
90
30
90

90
210

30
90
90
90
90

145

15
40

..90
90

145
• 90
160
30
35
95
95
75
45

160
125 Amend. 23

June 1,976



TABLE 2.2-14 (Continued)

Mileage
Zone

7 to 8

8 to 9

9 to 10

Total

Site

ý40
.41"

42
43
44+

45
46
47
48
49+
50+
51+
52+

53
54
55+
56+
57
58+
59
60
61
62
63
64
6,5+

65

Est. No.
1-970

15
70
.15

5

70

25
40
15
70
70
70

2
35

25
15.
55
70
40
70
20
15
30
20
15
1

30

Persons
T9-80

20
95
20
8

115

35
55
20
95.
95
95
3

55

.35
20

.75

.95

55
95
25
20
40
25
20
2

45

Present
190

25
.115
ý25

9
130

45
70
25

.120
115
115

4
60

45
25
90

115
70

115
30
25

50
35
25

2
55

During
2000

.30
130

30
10

..145

50
80
30

150
145
145

4
65

50
30

105
130
80

130
35
30
55
40
25

2
60

Peak Hour
2010

35
160

35
11

155

60
95
35

165
160
160

4
70

55
30

115
145

90
145

40
30
60

40
30
2

65

14,442

9

7,658 10,643 12,085 13,321

*Information supplied by
Resources Branch

TVA, Special Studies Section, Recreation

Id **Keyed to Figure 2.2-7.

-+Activities at the sites are: 3, ORGOP visitors' overlook; 4 .and 6.,
commercial campgrounds; 5, auto raceway; 9, Graphite Reactor; 16,
50 and 56, private club and.parks; 19, 51 and 52, wildlife management
areas; 26,36 and 65, boat~docks; 32, driving range; 39 and 56,
golf courses; and 38, 44, 49, and 58, public parks. All other sites
are: public access or incidental use areas.

5 **Keyedto Figure .2.1-10 .

Amend. 15
Apr. 1976
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TABLE 2.1-15

TRAFFIC LOCKED THROUGH MELTON HILL DAM

Year

1966

1967

1968

1969

1970

.1971

1972

1973

1974

1975

Recreational Craft
(number)*

1 ,198

1,014,

1 ,256

1 ,301

•929

718

761

815

631

NA+

-Commercial Traffic
Total Tonnage** Average Tons per Barge

1,000 500

1,000 500

2,000 500

1,000 500

4,000 800

10,000 715

3,600 720

10,100 720

4,800 800

2,956++ 739
28

* Information supplied by TVA-Division.of Navigational
Development -and: Regional Studies, Navigation
Economics Branch-

* Information supplied.by the U.S. Corps of Engineers

+ Not available as of January 13, 1976

++ Four (4.) barges, •8

Amend. 28
Oct. 1976
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TABLE 2.1-16

INFORMATION ON SCHOOLS WITHIN 10-MILE RADIUS OF CRBRP

N,

School System

Anderson County

Oak Ridge

Knox County

School System

Loudon County

Lenoir City

Morgan County

Roane County

Harriman

Oak Ridge

No. schools are within 10 miles of Site and none forecast,for 1980 or 1990.

No.

1
2
3

4
5
6
7

.8
9

10
11
12
13
.14
15
16
17

18
19
20
21
22.

.23

School

Browder
Eatons
Highland Park

Lenoir City Hiah School
Lenoir City. Middle School
Nichols School
West Hill

Coalfield Elementary
Coalfield High School

Edgewood
Cherokee
Dyl li's
Emory
Faikrvi.ew
Kingston Elementary
Kingston Junior High School
Roane County High School

Cumberland Junior High School
Harriman Central Elementary
Harriman High School
Margrave
Wa&lnut Hill

New Elementary

Grades

1-8
K-8
K-8

9-12
5-8
K-4
1-6

1-8
9-12

1-6
1-6
1-8
1-8
K-6
K-6
7-8
9-12

7-9
1-6

10-12
5-6
1-4

K-6

1973
111

638
380
910
472
401
113
375
183
1i0
294
211
1.18
200

.675
351
814

345
362
504
109
225

1980

200
800
600
950
700
750
250
375
200
200
500
300
200
200
750
50,0

1 ,000
600
600
850
125
500

1990

250
850
700

1,000
800
800
300
375
200

200
600
300
300
250
900
600

1,200
650
700
900
125
500
725

D'istance in
Miles and
Direction
From Site

9.0 SSE
5.5 SE
9.5 SE

8.0 SE
9.5 SE
9.0 SE
8.5 SE

10.0 NNW
10.0. NNW

3.5 WSW
7.0 NNW
5.5 NNW
7.5 NW
9.0 W
7.5 WSW
8.0 W
7.5 W

9.5 WNW
9.5 WNW
9.5 WNW

10.0 WNW
10.0 WNW

9.0 NNE

Forecast
No schools are within 10 miles of Site and none forecast for 1980 or 1990.
No schools.are within 10 miles of Site. A new elementary school (K-6) is likely by
1990 in western Oak Ridge to accommodate 725 students.

T.3.

t0o
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HOSPITALS

Hospital City

Little Creek Sani- Concord
tarium and Hospital

Cumberland Medical Crossville
Center,

Rhea County Hospital Dayton

Woods Memorial Etowah
Hospital

Harriman City Harriman
Hospital

Fentress County Jamestown
Hospital

Christenberry Knoxville
Infirmary

Eastern State Knoxville
Psychiatric

East•Tennessee Knoxville
Baptist

East Tennessee Knoxville
Chest Disease

East Tennessee Knoxville
Children's

Fort Sanders Knoxville
Presbyterian

Knoxville Osteopathic Knoxville

Parkwest Knoxville

St. Mary's Memorial Knoxville

Serene Manor Hospital Knoxville

TABLE 2.1-17

WITHIN 50 MILES OF

No.
of

County Beds

Knox 25

Cumberland 82

Rhea 45

McMinn 34

Roane 94

Fentress 70

Knox 12

Knox 2761

Knox 349

Knox 180

Knox 52

Knox 374

Knox 25

Knox 200

Knox 425

Knox 68

SITE

No. of
Bassinets

11.

8

10

12

8

Distance (miles)
and Direction

from Plant

21.5 ENE

36.5 W

44.5 SW

39.25 SSW

9.5 WNW

48.0 NW

21.5 ENE

21.5 ENE

21.5 ENE

21.5 ENE

21.5 ENE

21.5 ENE

•21.5 ENE

21.0 ENE

21.5 ENE

21.5 ENE

38

4

40

6

25

30

(Continued)
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TABLE 2.1-17 (Continued)

No.
of

County BedsHospital Ci ty
No. of

Bassinets

Distance (miles)
and Direction

from Plant

University of
Tennessee Memorial
Research Center and
Hospital

LaFollette Community

Charles H. Bacon
Hospital

Blount Memorial
Hospital

Oak Ridge Associated
Universities Medical
Div.

Oak Ridge Hospital
of Methodist Church

Chamberlain Memorial

Knoxville Knox 336 34 21..5 ENE

LaFollette

Loudon

Maryville

Oak Ridge

Oak Ridge

Rockwood

Sevierville

Campbell

Loudon

Blount

Anderson

Anderson

76 11

47 18

36.5

I0.5

25.0

15.0

230 30

NNE

SSE

ESE

NE

NE

30

287 20

Roane

Sevier

55 10

48 12

15.0

16.0

45.5

26.0

W

Ese~vi~er County
Hospital

151 Lake City Lake City Anderson 20 NNE

Amend. 15
Apr. 1976
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Type

I. *Dairy

2. Dairy

3. Dairy.

4. Dairy,

5. Dairy

TABLE 2...2,118,. l

DAIRY HERDS WITHIN 10-MILES OF SITE

Livestock Distance from
Population Site (miles)

45 4

50 45,

50 5.5

65 .9.5

90 O0

Direction

W

W

ESE

WNW

*Table keyed to figure 2.1-12
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2.

3.

4.

5.

6.

7.

TABLE 2 1-1 9

INDUSTRIAL WATER SUPPLIES- WITHIN A 20-MILE-RADIUS OF DEMONSTRATION PLANT

Approx.
Rada

Distance Average
from Site Daily Use

Supply, (miles) (gallons) Source.

Atomic Energy Commission 1.6 2,500,000 Surface (Clinch
River Mile 14.4)

Atomic Energy Commission 3.5 5,500,000 Surface (Clinch
'River Mile 11.5)

TVA Kingston Steam Plant 7.78 1,400,000,000 Surface (Emory
River Mile 1.9)3

Lenoir City Car Works 9.3 30,000 Ground, Well 3

The Mead Corp. 9.7 2,900,000 Surface (Emory
River Mile 11.4)

Charles H. Bacon Co. 9.8 255,000 Ground, Well 3

Union Carbide 10.2 2,000,000 Surface (Tenness

1

ee

8. Charles H. Bacon Co.

9. Atomic Energy Commission

10. Ralph Rogers Co., Inc.

11. C. N. 0. & T Railway

12:. A. B. Long Quarries

13. John J. Craig Co.

10.2

11.0

11.4

12.6

13.4

13.8

22,

1,

River) and Ground,
Spring 3

300,000 Surface (Tennessee
River) and Ground,
Spring3

000,000 Surface (Clinch
River Mile 41.5)2

24,000 Ground, Well

27,000 Surface (Emory
River Mile 18.8)3

500,000 Surface (Emory
River)

34,600 Surface (Small
Stream) and Ground,
Well

20,000 Ground, Well

000,000 Surface (Clinch

River Mile 47.6)3

3,000 Ground, Well

14. Philadelphia Hosiery 14.5
Mills

15. TVA Bull Run Steam Plant 15.3

16. Morgan Apparel Co. 17.8

lPotable water only.
2Supplies 3,500,000 gallons per day to
3Water supply is also used for potable

* Numbering keyed to Figure 2.1-15

572,

City of Oak Ridge (pop. 28,319).
water within the plant.
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TABLE 2.1-20

PUBLIC WATER SUPPLIES WITHIN 20-MILE RADIUS OF DEMONSTRATION PLANT

Supply*

1. Edgewood
Elementary School

2. Cumberland Utility
District of Roane
and Morgan Co.

3. Dixie Lee Utility
District

4. Kingston

5. Lenoir City
151
151

@151

.Approx.
Radial

Distance
from Site

(miles)

3.5

.6.7

8.6

8.8

9.7

10.8

10.8

11.4

12.2

12.4

12.6

14.5

14.5

6.

7.

Midtown

Harriman

Population
Served

196

5,000

4,500

5,000

6,500

2,090

10,000

5,000

2,000

250

515

3,570

10,500

(Continued)

Little Emory

Average
Daily Use
(gallons)

4,900

Source

Ground, Well

212,000 Ground, Spring1

395,000 Ground, Spring2

350,000 Ground, Spring3

1,000,000 Surface (Tennessee
River Mile 601.3)

130,000 Ground, Well

1,500,000 Surface (Emory
River Mile 12.9)4

650,000 Ground, Spring

75,000 Ground, Spring

151 8. Loudon

9. Piney Utility
District

10. Paint Rock
Elementary School

11. Midway High School

12. Oliver Springs

13. First Utility
District of
Knox County

6,200 Ground, Well

151

12,900

325,000

1,051,000

Ground, Spring

Ground, Spring,

Surface (Sinkinq
Creek Embayment)

1 Also has auxiliary water intake at River Mile 3.9 g

21ncludes Martel Utility District.
3 Also has auxiliary water intake at Tennessee River Mile 568.2.
41ncludes Swan Pond Utility District.

* Numbering keyed to figure 2.1-16.

ý2.1-33
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TABLE 2.1-20 (Continued)

%,.Approx.
'Radial

Distance
from Site

(miles)

15.3 and
17.8

Supply
Population,

Served

18,000

.Average
Daily Use
(gallons)

1 ,000,00014. West. Knox Utility
District

15. Dutch Valley
Elementary

16. First Utility
District of
Anderson Co.

17. Hallsdale-Powell
Utility District

18.4:, ateau..,Utility
SDi'strict

19. Bru hy Mountain
State Honor Farm

Source

Surface (Clinch
River Mile 46.9)
and Ground, Spring

16.8

17.1

140

3,600

•3,500 Ground, Well

270,000 Ground, Spring:

17.5

17.7

17.9

18.0

22,000

1 ,900

195

5,500

1,500,000 Surface (Bull Rug
Creek embayment)D

100,000 Ground, Well

60,000 Ground, Well

15'1

1 51

20.; Rockwood 1,700,000 Ground, Spring
and Surface (King
Creek embayment).

21. Clinton Utility
Board

22. Sweetwater

20.0

20.0

17,000

5,100

870,000 Surface (Clinch
River Mile 59)

700,000 Ground, Spring
and Surface.
(Sweetwater Creek)

5This figure includes water withdrawn
radius.

from sources outside of the 20-mile

Amend. 15
2.1.-34 'Apr. 1976 6
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Figure 2.1-3. Aerial View of Clinch River Site
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( 15

1. REACTOR CONTAINMENT BUILDING
2. REACTOR SERVICE BUILDING
3. RADWASTE AREA
4. PLANT.SERVICE BU ILD ING
5. CONTROL BUILDIrNG
6. DIESEL GENERATOR BUILDING
7. INTERMEDIATE DAY
8. STE.AM GENERATOR BUILDING
9. MAINTENANCE BAY

21-10. AUXILIARY BAY
\.4. 5 611. TURBINE GENERATOR BUILDING

6 12. MAINTENANCE SHOP & WAREHOUSE.
1 13. GATE HOUSE

8. "14..
15.- PARKING LOT

7 1 16.. EMERGENCY COOLING TOWERS
L20 \17. COOLING TOWER•i"12 - 18. C. W. PUMP HOUSE
I" / 19. GENERATING YARD

C /20. STARTUP RESERVE YARD
21. SWITCHYARD RELAY HOUSE

'• ~ ~ ~ 1 7 -..- /. .

NOTE: HEAVY LINES INDICATE SAFETY-RELATED
(CATEGORY I) STRUCTURES

Figure 2.1-5A. Arrangement of Plant Structure
ko
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Figure 2.1-11. Schools Within 10-Mile Radius of Clinch River Site
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2.2 NEARBY INDUSTRIAL, TRANSPORTATION AND MILITARY FACILITIES

2.2.1 Locations, Routes.and Descriptions

2.2.1.1 Industry

Land adjoining the Site is zoned F.A.I.R.., suitable for

6 1 forestry, agriculture, industry, or research use; the Site L8
is zoned Industrial 2. Three large industrial activities
are located within 5 miles of the plant site, as shown in Figure 2.2-1.

.151 These are the Oak Ridge Gaseous Diffusion Plant about 3 miles
north-northwest, the Oak Ridge-National Laboratory about
4 miles east-northeast and the TVA Melton Hill..Dam about 4.5 miles east.

Enriched uranium is produced at the Oak Ridge Gaseous
Diffusion Plant (ORGDP). There are about 4,600 employees
at ORGDP. Oak Ridge National Laboratory (ORNL) is a
research and development facility employing approximately
4O00o people. ORNL's work covers reactor and chemical technology,

151t radiation effects, controlled fusion and many other basic and
applied research activities. The Melton Hill.Dam provides
hydroelectric power to the TVA system and extends navigation.
up the. Clinch River. A small crew attends the locks but the

15 power Unit operates unattended.

.- iInaddition, one small industrial activity is located on a 33-
acre parcel of land in the Clinch River Consolidated Industrial Park (CRCIP)
about one and one-half miles north of the center of the plant site. The
industry._, U.S.. Nuclear Inc., fabricates neutron absorbers for power reactors

and fuel. el-ements for,.test reactors and emolovs 95 people. 1 nuclear
material handling by this industry is done under controlled conditions in
accordance with governing safety and health regulations. Another firm, Nuc-
lear Environmental Engineering, Inc., has purchased a five--acre parcel. To date,

31 a building site has been prepared on the property.but.-construction has not been

initiated. Nuclear Environmental Engineering, Inc., plans to use the
15 site for the calibration and resale of radioisotopes for use in.education,

research, and industry. They also plan to manufacture radioisotopes.
generators and radioactive tracers for oil fields and other uses. Tha
relative location of these two industries within the CRCIP is shown on

Figure 2.2-2.
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Between 5 and 10miles there are two additional large

151 industrial activities'. They are'.ERDA's Y-12 facility.,.9 miles
northeast, and TVA's Kingston Steam Plant, 7-1/2 miles west. The

151 Kingston Steam Plant. is.a fossil-fired electrical generating plant
and has about 500 employees. 'nstal.led capacity is 1,700,00.
kilowatts.. It i's a major suppIi-r :of power to the Oak Ridge
Gaseous Diffusion Plant. The Y-12 facility provides production

151 and research and development facilities for ERDA. This plant
employs about 6,500 people.

2.2.1.2 Minerals and Mining

There is no mineral production within the 10-mile radius;
however, mineral production does play an important role in the
area, (Ref. 1) particularly in Morgan County where strip mining
for coal has been established for many years.

.2.2.1.3 Transportation

2.2.1.3.1 Highways

One major highway, Interstate 40, passes approximately 1.25 miles
south of the plant site as shown in Figure 2.2-3 (Ref.2). The closest:
interchanges on 1-40 are State Routes 58 and 95, which are about four miles
and three miles, respectively, from the plant site'location. Existing average
daily traffic near the Site is highest for lIterstate Route 1-40 and equal1

17,530 vehicles perhday at-the interchange of 1-40 and State Route 58.(Ref. 3).
Between this interchange and Oak Ridge, along State Routes 58-95 and US 70
(Kingston Pike) to Kingston, the average daily count equals only 1,970.
Along route 95, between 1-40 and the junction of Route 58, the average
daily count equals 3,330. At the interchange'of 1-40 and Route 95, the

15 average daily traffic count is 14,630.

2.2.1.3.2 Rail

The closest major main rail line to the Site is Harriman Junction,
approximately 10 miles northwest of the Site. It is served by both the
Cincinnati, New Orleans and Texas Pacific (CNO &'TP) and the Southern.Railway.

2.2.1.3.3 Water

The U.S. Army Corps of Engineers operates the locks at Meltom Hill Dam
and keeps logs of all barge traffic. Total tonnage and average weight per
barge-of commercial'traffic through Melton Hill Dam for the period 1966-1975
is given in Table 2.1-15. Barge traffic passing the CRBRP site at the present
time.is primarily steel products. None of this traffic contains explosive,
toxic, or hazardous materials. There have been no accidents involving barges
reported near the CRBRP site. t8
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There is a potential for an increase in barge traffic due to two
proposed coal barge loading facilities and a public use terminal planned
for Melton Hill Lake. This will have no impact on the CRBRP since none
of this potential increase traffic is expected to contain explosive,
toxic, or hazardous materials.

2.2.1.3.4 Air

Airports located near the site are as follows:

L8
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S"Distance and Direction
Name Type (miles)

•151. "•..
1 Meadowlake Air Park Sport 10 SWw

Oak Ridge Air Park Sport 11 NNE
Rockwood Municipal Business/Sport 18 W
McGhee-Tyson: .Commercial- 28 ESE

Of the four, only MCGhee-Tyson (Knoxville) has scheduled commercial
flights. The nearest flight path (v16) is.about.10 miles south of the.Site!
Checking U.S. Flight information, Figure 2.2-4 indicates that aircraft
approaching McGhee-Tyson would.be at a minimum altitude of.5,000 feet as
they pass 1O.miles south of the Site. The nearest holding pattern for
McGhee-Tyson is approximately 30 miles northeast of the Site.,

2.2.1.4 Military Facilities

There are. no military facilities or bases within the 10-mile
radius.

2.2.2 Evaluations

The CRBRP cooling water. intake structure will be located so as.
to be. protected from Clinch River barge traffic. As the site is located,
in a mild temperature zone, the intake structure should not be,.subject to.
ice blockage or damage. The closest source of accidental upstream release
of corrosive liquids or oil: is Oak Ridge .National Laboratory (approximately
seven miles distant) via White Oak Creek and the.Clinch River. This
facility uses nominal quantities of chemicals. The effects of any acci-
• dental .release or corrosive chemicals on the CRBRP intake structure from
ORNL would be inconsequential. As other,potential.sources of accidental

271 liquid chemical or oil releases are remote in the upper watershe( region
•of the Cliqch River system,. the effects are not a realistic consideration
for"the CRBRP.

As discussed in Section 2.2.1 there are three nuclear-related
facil~ities 5. located within a 5 mile radius of the CRBRP Site. These 3

27 faci.tles are designed for, and comply with all appropriate Federal and
State regulations.

Existing monitoring programs in the CRBRP area provide character-
lization.of background radiation. Pre-Operational monitoring programs

151described in Section 6.0 of.the CRBRP Environmental Report will Drovide an
assessment of the background in the Site area and will be supplemented by
those existing programs of other facilities adjacent to the.CRBRP. Such
a program will result in an assessment of any significant radiological
impact these other nuclear facilities may have on the environment around
the CRBR.

Amend. 27
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The most'recent.available ORNL Environment Monitoring Program
measUrements are discussed.in Section.2.8 of the CRBR Environmental Report.
Reiesults. show that air and aquatic activity levels in the site area are
Well below maximum permissible concentrations as outlined in IOCFR20
App endix B for unrestricted areas.

Oak Ridge Operations (Ref. 4) has identified a potential acci-denta T release of anhydrous hydrofluoric acid (AI-F) as a maximum postulated

airborne release from. the.ORGDP. Such a release is considered to beext6remely unl6ikely., requiring.the simultaneous ;fai Ue of a number"of

administati ve and engineering controls.

.Cntainment for AHF ,and operations wi th AHF at bRGOP are desi.ghed
suchý ha't l,1arge releases are .not considered cr•dible. The CRBRP site
is about three air lmiles SOuth ýof the ORGDP while the predomin:ant wid
current is from ýthe southwest to the northeais.t: parallel to th and
Vailley orientation. , This results in the CRBRP iSi ebe-ing essentialy
cross 5wind -to the .ORGDP. :In addition, there .are two .ri.dges (Pi0ne and
Chesnut) 'bet•ween the two sites'. This topography further ,reduces theprobability of an :ai rborne r-eease from the ORGDP having a significant
effect on the. CRBRP site.

Whilie t i.s considered ihighly unlikely, it is possibl,e that 15,000
..pounds: Vf;AHF couldjbe lost :from containment as a resultof an acci :ent
dubeto rupturef•, as.torage r tank (40k ton capac:it).A release has -een
postula`te'd a g the fo,.ll1owi ng:

(a) -A quantit•y of 2,000 pounds of :..the AHF rel:ea~seOd 4s ,evolmed
.as gas;to the -a4tmosphere.

(b). " The lrel~ease occurs over :a ,period -of .o5rminutesbefore
being: dektected and controlled.

.- (c) Meteorological conditions :are -identical :with thez:0-8hr..
...conditions discussed .in PSAR Section.2.3 utilized in

6 Chapter 15 for accident analyses.
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The resulting concentrations of HF downwind from the release
for the-postulated conditions are indicated in Table 1:

Table 1

Downwind
Distance Peak HF Concentration (mg/m 3 )

AMiles) (15 minute duration)

1 800
3 (CRBRP) 240

10 65

The National Academy of Sciences - National Research Committee
on Toxicology (Reference 5) has recommended emergency exposure limits
for HF of 16 mg/mn3 for ten minutes, 8 mg/m 3 for 60 minutes for military
and space operations. Concentrations of HF in the range of 25 mg/m3
for several minutes will cause respiratory discomfort in humans (Ref. 6).

Implications of the postulated release upon the safe operation
151 of the .CRBRP ýnvolve the effect ofsuch a release upon habitability ofthe control room. Per Section 2.3. (Table 2.3-24), the 0-8 hr. .median

wind speed'assumed for meteorological conditions is 0.42 m/sec. The
3 miles 'distance from ORGDP to CRBRP site implies about`3 hours wouldelapse between time ofrelease and arrival of the AHF cloud at the

site. Use of higher mean velocities would reduce the communication
time but would increase the dispersion of the AHF and reduce the concen-
tration. Using average annual weather would still provide 42 min. for
,isolation of the control room and would reduce the peak concentration
by more than an order of magnitude. It is evident that there would be
ample time for communication between the ORGDP and CRBRP in the interim
between release and arrival of the AHF cloud. This communication would
result in procedures to isolate the control room and its inhabitants
thus resulting in no safety .impact. on the CRBRP.

Details of the communications between ORGDP and CRBRP assuring
immediate.contact in the event of such releases will be available as.
part of the Site Emergency Plan.

Regarding the% potential for impact on the CRBRP from the U.S.
Nuclear, Inc. facility-located in the CRCIP, the Project has examined
the facility's special nuclear material license.(Ref. 9) and Safety Eval-
uation Report (Ref. 10)"(SER) and had discussions with the U.S. Nuclear,
Inc. facility nuclear safety consultants. The major-accidents that might
expel airborne radioactive material from U.S. Nuclear have been analyzed
in the facility's SER. and are the potential for a fire and a criticality
.incident. Neither of-.these incidents would result in significant doses
at the CRBRP, and therefore U.S. Nuclear, Inc. will have no impact on the
safe operation of the CRBRP.

2.2-4a Amend. *28
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Principal highway routes serving the CRBRP Slte area are shown in Figure
2.2-3. One major highway, Interstate 40, passes approximately 1.25 miles
south of the CRBRP Site, with interchanges at Tennessee Routes 58 and 95 at
approximately four and three miles, respectively, from the plant site.
Shipments to and from the industrial facilities described in Section 2.2.1.1
would be conducted principally over the following routes: to and from the
ORGDP, State Route 58 (Oak Ridge Parkway) and Blair Road; to and from the
ORNL, State Route 95 and Bethel•Valley Road; to and from Y-12, Bear Creek Road
off elther Route 95'or Scarbo Road; Melton Hill Dam, Route 95 and Buttermilk
Road and to/from the CRCIP, Route 58 and Bear Creek Road' The closest points
at which shipments would pass the CRBRP occur at the CRCIP, 1.5 miles and
1-40, 1.25 miles. Due to the distances Involved, shipments to and from the
industrial facilities of the Oak Ridge area will not Impose potential adverse
Impact upon the CRBRP.

Estimates of frequent shipments of toxic materials on 1-40 were obtained from
the Tennessee Public Service Commission (see Table 2.2-1). Calculations of
concentrations of these materials in the CRBRP control room from an accident
on 1-40 show that hydrogen bromide and hydrogen fluoride could significantly
exceed Threshold Limit Values (TLV) assuming major releases and adverse
meteorology. A hydrogen fluoride detector Is presently Included In the
control room air intake system design. Further evaluation will determine the
need for addition ofýa hydrogen bromide detector versus the acceptability of
rel lance on direct operator detection due to Its low odor threshold.

Other toxic materials identified by the State which are frequently shipped on
1-40 are chloropicrin and acetic anhydride. Highly conservative calculations
of control room concentrations from accidents involving these materials
resulted In exceeding TLVs by only 15% and 40% respectively. (Conservatisms
Included complete instaneous release of container contents, G stability,
centerllne concentration, 0.2 m/sec wind speed, the accident occurring at the
closet proximity to the site, and a constant wind direction with no meandering
for about three hours.) Detectors for these materials are thus not considered
necessary for the control room air Intake.

The nearest natural gas pipeline to the CRBRP'Is a six-inch line which borders
the east boundary about one and a third miles away from the facility. This
line runs north to south and supplies gas to Lenoir City, Tennessee. Due to
the remoteness of the piper line, no credible explosion of this pipeline could
adversely affect the CRBRP.

There are no stone quarries, oil, gasoline plants, or storage facilities near
the CRBRP. Consequently, there are no potential effects of explosion or fires
from these facilities. The plant bullding complex is located a minimum of
300 ft. from the nearest tree line In any direction. Due to the separation
between plant buildings and the forest and the extensive use of fire retardant
construction materials, a local forest fire poses no threat to the integrity
of the plant.

There will be no effect from chlorine gas leakage as none, is stored on site.
Non-hazardous sodium hypochlorite Is utilized for plant service Instead of
chlorine.

Amend. 76
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There are no on or off site airborne pollutants that may affect plant
components.

The closest commercial airport is the McGhee-Tyson (Knoxville) terminal 28
miles east southeast. Checking U.S. flight information Indicates that
aircraft approaching McGhee-Tyson would be at a minimum attitude of 5000 feet
as they pass 10 miles south of the site.

The closest-airport Is Meadow lake, 10 miles southwest, which handles sport-
type aircraft. Therefore, as the CRBRP is not in the vicinlty of airport
flight holding patterns or flight paths, the impact is considered to be
minimal.

There are no tall structures such as natural-draft cooling towers or tall
discharge stacks on the facility which may damage critical equipment due to
collapse. Discharge vents are located approximately 10 feet above the
roofgrade. ýCooling structures utilized are wet mechanical draft cooling
towers. The dominant feature of the CRBRP is the Reactor Containment
Building which rises to an elevation of 984 feet MSL, 169 feet above grade
Ievel.

2.2.3 New Facility/Land Use Requirements

The expanded role of ERDA In developing the country's energy resources will
inevitably require expansion of many existing research and development
facilities as well as the establishment of new ones.
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To aid in'identifying long range planning requirements for its Oak
Ridge reservation, ERDA requested its Oak Ridge Operations Office to conduct
a survey of Federal real property holdings at Oak Ridge, the intent of this
study was to "establish a basis for a long-range land use plan to accommodate
both present *and projected ERDA program requirements." The results of this
study are reported in Reference (7) and a brief summary of potential new
facilities and land use based on this report are summarized below.

Primary-Research Facilities

Future additional office space and general support facilities for ORNL
could require as much as 100 acres. The majority of land required for
office space will probably be adjacent to existing ORNL facilities.

A MSR (Molten Salt Breeder Reactor) test facility proposed for Melton
Valley would require approximately 10 acres with no anticipated change
in the security/safety buffer zone.

A superconducting magnet fabrication and test facility, as part of the
fusion-research program located at the Y-12 plant, would consist of two
structures occupying 40,000 square feet on a two acre site.

* AnlExperimental Power Reactor (EPR) could be constructed, based on.the
success of the fusion research program. This reactor.would require a
minimum:of 30 acres for the plant and its exclusion radius. Two po-
tential sites are under consideration. One is the west end of-the Y-12
plant, west of the present settling basins. The other is an area of
approximately*30 acres adjacent to the former ORGDP powerhouse.

A demonstration house utilizing solar energy or ice-pond storage for
heating and cooling would be located on a yet to be defined 2 to 5 acre
site. This facility could be built in conjunction with the University
of Tennessee on its land in Knoxville.

A demonstration plant for the bioconversion of wastes to fuel gas. This
would require about 5 acres, and could be located either at the sanitary
facilities at Oak Ridge or at the sewage treatment facilities at Y-12,
ORGDP or CARL (Comparative Animal Research Laboratory).

A low-temperature heat energy recovery facility. Application to a fossil
fuel power plant would require the facility to be located at a TVA plant
or at the-Y-12 or ORGDP power plants. Additional space required at an
existing ERDA facility would be 2 to 3 acres.

A coal-liquefaction process development facility and a coal equipment test
facility would require a fenced area of about 10 acres located close to
ORNL to permit use of ORNL support facilities. Preliminary plannin9 has
identified a site west of the EGCR (Experimental Gas-Cooled Reactor).

A hydrogen-production process development plant is tentatively planned at
the Y-12.plant adjacent to the existing steam plant. An alternative lo-
cation would be adjacent to the coal liquefaction facility described above. 13

2.2-5

Amend. 13
Feb.. 1976



* . This physical sciences program at ORNL is expected to grow to support new
.ERDA programs. The growth of.a,.complex of facilities to provide space for
experimental studies, and.offices is anticipated in the area adjacent to
the present.ORIC-ORELA.

The biological research program at ORNL will expand and approximately 15
acres extending eastward to.the east. portal boundaryýand lying north of
first street.represents the anticipated area for growth..

Uranium Enrichment Activities

While only in the conceptual design phase, and yetto be approved by
Congress, a new gas-centrifuge plant is being considered as part of
ERDA contingency planning in the event p.rilvate industry fails to pro-
vide additional separative capacity on a timely basis. Preliminary
layouts indicate that-the new plant would add to the present ORGDP
industrial plant complex approximately 320 acres and approximately 200
acres to the present buffer zone.

The sites indicated for locating the proposed faciliti.es described
ýabove are at present being considered in the context of long range land-use
planning. The final selection of sites for future facilities.. on, ERDA con-
trolled land will be in accordance with the requirements set'forth in ERDA
Mainual .Chapter.ý6202, "Site Selection", 6203, "SiteDevelopment Planning" and
other chapter-requirements.as applicable. Manual Chapters 6202-ý and 6203 are
provided as:Appendix 2-E to this chapter.. Manual Chapter 6202-and its appen-
dix.providethe guidance and criteria to be followed for the selection.of
new sites, .and Manual Chapter 6203.and-its appendix provide guidance, planning
factors,.and criteria for site development planning. With regard to potential
impacts on CRBRP operation as well as on the environment in general, the
criteria provided in the ERDA manual as well as the applicable requirements of
,OCFRI1 provide for full consideration to be given to impacts on existing
facilities during site selection and site development planning for new or
existing sites. These requirements ,provide the assurance that potential new
activities on ERDA controlled Land will not pose an undue risk to the con-
tinued safe operation of the CRBRP.

In addition .to-the projected new. facility/land use requirements iden-
tified for ERDA-controlled property, Exxon Nuclear Company is presently re-
questing a 2500 acre site on the Oak Ridge Reservation for "the purpose of
.spent-fuel reprocessing, spent fuel, storage, interim waste storage and
:possible use for other sectors of the nuclear fuel cycle." Of the. 2500 acres,
the plant site would require approximately 160 acres, with the remainder re-
quired as a buffer area. A water pipeline corridor running west from the
plant to the Clinch River with a water pumping station at the Clinch River
would also be required, as well as a railroad spur.

While the arrangements.regarding acquisition of the site by Exxon
are not finalized, the requirement for demonstrating the environmental accep-
tability of the site and the plant safety will be the resDonsibility of

1' (Ref. 8). A Preliminary Safety Analysis-Report (PSAR) was submitted to
7 NRC on January 285 1976.,in support of a construction permit for this plant. 13I
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Other potential future activities involving ERDA controlled land
could involve the Oak Ridge community. Examples cited in Reference (7) in-
clude such items as highway development, an airstrip, and landfill sites.

If the planned or known use for the land is identified prior to it
being excessed, appropriate consideration would be given to potential impacts
on both CRBRP operation as well as on operation of other ERDA facilities.
Excessed land turned over to the community would then be subject to federal,
state, and local regulations regarding its intended use. 13
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1. Overall Economic Deve'opment'Program for Mo•rganqC6nty, TenneSee.
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3. Telecon, Octobr 209, 1973, McClaat n, B., Tennessee U•bUtn Trans0Or-
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:D.C., 1971, pp. 2382-39.
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U.S. Nuclear, Inc., dated November 6,..1973.

10. U.S. Nuclear, Inc.,Safety-Evaluation Report, Docket No. 70-1319. 28
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Table 2.2-1

Maximum
ShIpment Frequency of
Weight (Ib) Shipment (/wk)*Toxic Chemical

Bromine

Hydrofluoric
Acid

Chloropicrin

Acetic
Anhydride

Concentration
In Control
Room (mg/m3)

245

Threshold
Limit

Value (mg/m3)

241 ,625

50,000

1,000

50,000

8

1

1

192 2

22.3

28 20

* Estimate obtained from the Tennesee Public Service Commission (1982).

2.2-6a Amend. 76
March 1983



0 5

SCALE OF MILESS

* INDUSTRIAL PLANTS

See Figure 2.2-2 for the
Clinch River Consolidated
Industrial Park

A Proposed Exxon Nuclear Facility 2

Figure 2.2-i. Industrial Plants within I 0-Mile Radius of Clinch River Site

.6648-1

Amend. 28
2.2-7, Oct. 1976



9:,

I.YV:

- 84022' 57"W
NUCLEAR ENVIRONMENTAL 7362

ENGINEERING, INC. 11

U.,S. NUCLEAR, INC. 28

Amend. 28
Oct. 1976

Figure 2.2- 2 Clinch River Consolidated Park

2.2-8



N

E

S•

0 5

SCALE OF MILES

Figure 2.2-3. Clinch River Site Major Highways

6648-3

2%'. 2-.9



00

WINONA
NORRIS

N4
DI

* SITE,

SWANTOWN. j63
Rockwood Muni
1664 L 50

14: I
N

29

0 10 20

SCALE OF MILES

Figure 2.2-4. Commercial Air Traffic Paths Near Clinch River Site

C,



2.3 IETMROLOGY

2.3.1. 'Reaional Cl Imatol-ogy-

-e~teroogical data from the Oak Ridge Area. Station: X-1,: (Reference 1 and 2),
loca6ted::4.5 'mll~es northeast of theCI Inch Rv:er Breeder Reactor Plant (CRBRP)
Si:te,. :were. used to characterize the Meteorology/Cl i mato logy of the.region

ncluding the Site.. Oak Ridge Area Station X-1O was a first order Weather
•Bureau.,Stati~on from 1944 - 1964. From 1964 to 1972, only w-ind, temperature,
dewpoi'nrit and d-Ifferential temperature were recorded. The station was
dl:scontifInued in December- 1972. Other cl inmatological data -sources. used In
characdteri-.zI ng the regional c.l:imatology were the Knoxville Alrport Weather
Statilon JReference 3), located about 20 miles east of, the Site, and the.
Weath~er .Bureau's Oak Ridge City Office (Reference 4), located 10 miles
northeast of the Site. Locations of these weather stations are shown In
Figure:,2.13-.. General Information on the climate of the. State is aVallab le
from the U. S. Weather Bureau (Reference 5). Other sources .ofý ,speclial Ized
data are referenced as they appear In this section.

2,.3.1. General.Climate

The)S::i.te is located'in Roane County, Tennessee in a broken v,alliey between the
Cumberland:Mountains to the northwest andthe Great Smoky Mountainsto the

southeast. The topog raphy of the Site Is characterized by nearly parallel,
northeast-southwest oriented ridges as discussed In Section 2.5. Elevations
of the ridge crests range between 900 and 1,200 feet. The. Site elevation Is
approximately 860 feet.

.W.ind4 dirrectilons in the region often reflect the :orlentation of val~leys and
ri;ddges- of the. southern Appalachians. :Mean annual wind speeds: are low compared
to.other iareas of Tennessee and ;the United States (Reference 6). The mean
Wvind .speed at the Oak Ridge City Office during the 16-year period of record,
was 4.4 miles .per hour (Reference 4).

The region has a...mlid..h,umid climate, with no distinct dry season. March Is
normailly the wettest month and October the driest. Precip.ltation Is heaviest
fr om December through March-when cycionic activity is.high and in July: and
Aug-u~st.wh.en coniiect•ive showers occur. Maximum recorded ral nfall in a 24-hour
period ,wa .s 7 4.745, Incihes; this occurred at Oak Ridge Station X-10 In September1944"(Reierehnce1). Temperatures above 90 degrees F occurred about 30 days

(Reference:", 4).per year.. Zero and sub-zero teperatures (degree F).at the X-10
Station w,ere observed during the months of December, January or: February In
;fewer than h6lf: th e years from 1945 through' 1964.

Synoptic ý(,re.glonal) scale weather systems move.. through eastern Tennessee with
I'rregul arityý. These storm systems are most.frequent during -December and
J,anuary and cause a maximum monthly number of cloudy days and extensive
pIr reci pitatl on. Summer season storm systems are usual ly weaker and tend to.
pass to-the north, leaving eastern Tennessee with sunshine interspersed with
thunderstorlm activ I ty.

2.3-1
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• Usually, 50 to 60 thunderstorm days occur per year, with a-peak number-of
storms occurring in July (Reference 5). About nlne thunderstorms-per month
occur during the period of May through August. The reglon, .-incl:uding the
Site, 1 ssubject to only a very small probabi I ty of tornado o6currence.

Relati•ve humidity averages lowest. in the afternoons and highest at night.
Average annual relative humidity In Tennessee Is-near 70 percent (Reference
6). This Isabout average for most of the United States east of the 95th
meridian.

2.3.1.2 Regional Meteorological Conditions for Design and Operating Bases

2.3.1.2.1 Maximum Rainfall

Maximum recorded point rainf-all for the Knoxville Airport, for intervals of 5
minutes to 24 hours, Is lIsted in:Table 2.3-1 (Reference 8). Maximum monthly
and annual precipitation is also given. Maximum monthly and annual
precipitation recorded at the Oak Ridge City Office were 19.27 inches in July
1967 and 76.33 inches in 1973, respectively (Reference 4). Monthly and annual
extremes of 14.11 Inches in July 1967 and 66.20 inches in 1•950, respectively,
were recorded at Oak Ridge Area Station X-10 (Reference 2). Maximum measured
,annual rainfall at Knoxville was 61.49 inches in 1957 (Reference 3).
Calculated -rainfall Ifor the Siterarea for time periods of 035, 1, 2, 3, 6, 12
and 24 hours, for a recurrence interval of 100 years, is given In Table 2.3-2
(Reference. 9)

2.3.1.2.2 Severe Snow and.Glaze Storms

Winter storms which produce a snowfall In excess of oneinch are uncommon In
eastern Tennessee. The area. can expect about three significant snowfalls per
year (one or more Inches) (Ref4erence 5). It is unusual to have.snow cover for
more than one week at a time (Reference3). Records over a peri:od ofU26 years
show that, in March 1960, a maximum of 21 inches accumulated, With 12 Inches
in a singl.e day. Normal snowfall for March.is 1.4 Inches (Reference 4). The
highest average monthly total was 3.1 inches, occurrinhg in January.

Glaze occurred from three to six times per year during a 28-year survey period
ending in 1953 (Reference 10). December through early March is the period
with the highest frequency of glaze storms. Occurrences of, glaze storms,
applicable to the area including the Site, areas follows (Reference 10).

Thickness of 0.25 inch or greater, Once every tw:oyears
Thickness of 0.50 inch or greater Once every f i've years

• Thickness of 0.75 inch or greater Once every ten years

2.3.1.2.3 Thunderstorms and Hail

Thunderstorms occured on an average of.53 days per year (Reference 4). The
month of July usually had the most. An average of about nine thunderstorms
days per month occurred throughout the season from May through. August. As can
be seen In Table 2.3-3, the months of October through January had the fewest
thunderstorms.
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Hail is not frequent but it does occur. On an index of potential hail damage
to residential property, (calculated for each area formed by one degree of
latitude and one degree of longtitude,) the Site Is In a region of low
potential loss due to hall (Reference 11). Maximum values of the index occur
In northwest Kansas where the Index Is 50. The Index in eastern Tennessee Is
about 5. Therefore, on a geographical basis, the Site is situated In a region
where hail Is not a significant factor.

2.3.1.2.4 Tornado

The Site is located in an area infrequently affected by tornadoes (Reference
12 and 13). For the purpose of comparison, Tennessee ranked 25th among all
states in the number of tornadoes from 1955 to 1967 (Reference 14). Dividing
along the 86th Meridian, the western half of the state has reported observing
three times as many tornadoes as were observed in the eastern half, which
includes the Site (Reference 13). The Oak Ridge-Ctinch River area has one of
the lowest probabilities of tornado occurrence in the entire State (References
14 and 15).

Tornado frequencies calculated by Thom (Reference 16) for each one-degree
square of latitude and longitude, for the period 1953 to 1962, show the Site
to be situated In a one-degree square with an annual frequency of 0.5.
According to Thom's methodology, the probability that a tornado will strike
any point in a particular one-degree square, such as the Site, Us. calculated
to be 3.63 x 10' per year. The recurrence Interval Is one divided by the
probability, which is once In 2760 years. Raw count data on tornado
occurrences for those counties near the Site, for the 57-year period from 1916
to 1972, are presented in Figure 2.3-2 (References 12 and 17). Roane County
is onl.y one of several counties which are'represented by the one-degree square
used for thecalculation of the tornado probability. Roane County itself has
not recorded a tornado in the 57-year period from 1916 to 1972.

2.3.1.2.5 Strong Winds and Hurricanes

The following table Is based on Thom's report (Reference 18) on his analysis
of data on fastest-mile wind speeds at 30 feet above ground level, for
Indicated recurrence intervals, for eastern Tennessee.
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CALCULATED FASTEST MILE VS. RECURRENCE INTERVAL (Reference 18)

EASTERN TENNESSEE.

Recurrence Interval (years) Fastest Mile (mph)

10 64
25 73
50 76
100 89

The peak gust recorded at the Oak Ridge City Office during a 17-year period
was about 59 miles per hour (Reference 4). The fastest mile reported for the
Knoxville Airport for a 31-year period was 73 miles per hour, (Reference 3). A
33-year record at Chattanooga, Tennessee, shows a fastest-mile of 82 mIles. per
hour (Reference 19).

Hurricanes are in the post hurricane stage with diminished winds by the time
they reach the Sitearea. In the past 70 years, the remnants of nine
hurricanes, class:ified as devastating when crossing' the. coastli ne of the U.S.,
have crossed.Tennessee• (Reference 20). Flooding In assoclat'ion with the
remnants of a hurricane has occurred. (Reference 20)'.' Visible damage
associated with trOpical storms has been reported about once; In 25 years In
eastern Tennessee (Reference 5).

2.3.1.2.6 High Alr Pollution Potential

According to a study by Holzworth (Reference 21), high air pollution potential
can be expected to occur about 5 to 10 days annually. Holzworth's results are
based upon the frequency of occurrence of calculated mixing heights combined
with concurrent calculated wind speeds. However, since CRBRP releases can be
expected: to be ground level, the frequency of stable atmospheric conditions in
combination with low wind speeds should be more reflective of dispersion
conditions at or near the Site. For the year of record from the onsite CRBRP
permanent tower., stable conditions (Pasquill stability classes E, F, and G)
with wind speeds of about 5 miles per hour or less •were reported for about
half of the hours.

2.3.2 Local Meteorology

The CRBP.P Site meteorological facilities, the Oak Ridge Area'Station X-10, the
Oak Ridge City Office and the Knoxville Altport (the latter three being the
closest NOAA weather stations to the Site) have been used as the primary
sources of local meteorological data (References 1, 2, 3, and 4), with a few
exceptions noted In the following discussion. Climatological statistics for
these stations are believed to be representative of the Site area.
Supplementary climatological data were obtained from TVA on relative
humidities and fog frequencies (Reference 22).
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2.3.2.1 Normal and Extreme Values of Meteorological Parameters

2-.3.2.1.1 Temperature

Monthly and annual climatological temperature data for Area Station X-IO and
the annual mean temperature data and extremes of temperature for the Oak Ridge
City Office and Knoxville vicinity, for comparison purposes, are presented In
Table 2.3-4. It is apparent by inspection of these data that the three sites
are quite similar with respect to temperature except for the extreme low of
-16 degrees-F recorded in the Knoxville vicinity. This record low is a part
of a much longer observation period, spanning 100 years, in which to observe
extremes.

Based on these data one would expect local temperatures to range between about
-15 degrees Fahrenhelt and 105 degrees Fahrenheit. Temperatures above 90
degrees Fahrenheit should be moderately common from June to early September.
Freezing temperatures should be common from December to February, and have
occurred in all months from October through May.

2.3.2.1.2

Data from the permanent meteorological tower have been used to characterLze
wind conditions at the Site. The period of record is February 17, 1977
through February 16, 1978. These data have been used to construct the joint
frequency distributions of wlnd speed and wind direction by stability classes•,
presented In Tables 2.3-5 through 2.3-20.

From an examination, of available data collected at or near the Site, this
one-year summary of on-site wind data appears reasonably representative of
average conditions In an average year. The CRBRP meteorological data were
used for characterizing dispersion conditions because they are site specific;
the measuring heights conform to NRC Regulatory Guide 1.23; TVA has first-hand
knowledge of the Instrumentation and the quality control and quality assurance
procedures applied toward meeting regulatory guide specifications; and the
CRBRP wind instruments have lower threshold wind speeds.

An analysis of the one-year summary of on-site wind data shows an average
annual wind speed of 3.5 mph at the 33-foot level and 5.6 mph at the 200-foot
level. The wind was most frequent from the west-northwest at 33 feet and from
the west-southwest at 200 feet. An analysis of the Oak Ridge Area Station
X-1O data, where the wind sensor is mounted at a height of 102 feet, shows an
average annual wind speed of 4.9 mph and a revalling wind direction. of south
to southwest.(Reference 1). The Oak Ridge City Offilce shows a prevailing wind
from the southwest with a mean speed of 4.4 mph (Reference 4), which is

..consistent with the other wind data discussed above. Knoxville Airport data
show that the prevalling wind is from the northeast, and the mean hourly speed
Is 7.3 mph. (Reference 3). A summary of these data are provided in Table
2.3-21.
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2.3.2.1.3 Humidity

Table 2.3-22 provides monthly and annual average relative humidities from.
measurements at the 10-meter level at CRBRP. (February 17, 1977 - February
16, 1978). Direct comparisons with respective averages for a 13ýyear period
(1961 -1973)at the Knoxville Airport (Table 2.3-23), suggests that the
Influence of the local CRBRP ehvironment has resulted in higher relative
humidity values. During four years (1970-1973) of hourly measurements at the
Bull Run Steam plant, (at the one-meter level), relative humidities reached
100 percent about 2 percent of the time and were at least 95 percent about 7
percent of the time; the temperature was less than 50 0F concurrently with a
relative humidity of at least 90 percent, about 4 percent of the time.
(Saturation specific humidity at 50 0 F and 1,000 milllbars Is about 8 grams per
kilogram). The Bull Run Steam plant, similar to the CRBRP site, Is located
along the Clinch River, about 15 direct miles away.

2.3.2.1 .4 ecptio

Average annual precipitation was 51.52 Inches at the Oak Ridge Area Station
X-10 based upon 21 years of record (Reference 1). As indicated by table
2.3-24, onp the average, winter was the wettest season with about 30 percent of
the annual precipiltation. February and March had the highest monthly average.
of ab'ut 5.4 inches. October averaged the driest (2.82 inches). Maximum
observed monthly rainfall. and 24-hour precipitation (12.84 and 7.75 inches,
respectively), both: occurred in September. Monthly onslte precipitation of
the period February 17, 1977 through February 16, 1978 is presented In Table
2.3-25.

Snow and Ice pellet data for the Oak Ridge City Office are summarized in Table
2.3-26 (Reference 4). Data listed in the table show that the annual snowfall
averaged about 10 inches. Maximum annual snowfall in the 26 year period was
41.4 Inches, more than four times the annual mean. Snowfalls of more than six
inches In 24 hours, were reported at least one for each month from November
through March (Reference 4).

2.3.2.1.5 L~g

The Incidence of heavy fog (1/4 mile or less visibility) varies greatly around
Tennessee (Reference 5). Typical annual values Include 31 days at Knoxville
(Reference 3)., 34 days at Oak Ridge City :Office (Reference 4), and 36,days at
Chattanooga (Reference 19). Five. months of the year had an average fog
frequency of three,,days or more at each of the three stations. At both the
Oak Ridge City Office and Knoxville, October had the highest fog Incidence,
with an average of 8 and 5 occurrences, respectively (Table 2.3-27).

Supplementary fog data (Table 2.3-28) were recorded at two sites al;ong Melton
Hill Lake, upstream from the CRBRP site, for the period January 1964 to
October 1970. The sites are at Bull Run Creek (about 15 miles northeast of
the CRBRP Site) and Melton Hill Dam (about 4.5 miles east of the CRBRP site).
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These data show that fogs which restrict.visibility to 1,100 *yards or less
were observed, on the average, 91.days per year at the BUl I Run. Creek site and
119 days per year at the :Mel ton H-I. Dam site. Fog which restricted
visibility to less than550 yards .was -recorded at the Melton Hill Dam site on
an average of 1.06 days per year (Reference 22). This value Is about three
times the average for the Oak Ridge City off ice. and KnoxvIll Ie.

Although these frequencies are not completely comparable, because of
differences in visibility limits, it seems probable that a significant portion
of the greater reporting frequency at the Melton Hill Sites is a reflection of
the proximity of the river.

2.3.2.1.6 Wind and Stabillty Data

The source of the information for developing a diffusion climatology to
represent the Site is a one-year record of wind and temperature difference
measurements made on the 370-foot permanent tower at the CRBRP Site. The year
of record was from February 17, 1977 through February 16, 1978. The jointrecovery rate for wind .and~stabillty class was 97 percent (33-foot to 200-foot
temperature difference and the wlnds at both the 33-foot and 200-foot levels).

Pasquill Stablillty.Classes were assigned In accordance with the temperature
gradientscheme of NRCRegulato.ryGuIde 1.23. Monthly and annual frequencies
of. stability classes A-G are shown in Table 2.3-29.

On-an annual basis, .Dwas the most frequent single class (36 percent), but the
stable classes (E, F, and G) dominated (56 percent). This left only about 8
percent In the unstable categories (A, B, and C). The frequencies of unstable
classes for both June and July were greater than 14 percent, but during the
minimum month (September) Unstable classes were reported for less than. 3
percent of the hours. Stable classes were most frequent In September and
October (about 64 percent for each month), and the least frequent In January

.and February (43 and 48 percent,. respectively). Almost half of January and
February stabilities were neutral D. There was a notable change. in the
frequencies of neutral. and.stable classes between December and January and.
between February and March.

Annual wind records are summarized in Tables 2.3-5 through 2.3-12 for the
33-foot level above ground and In Tables 2.3-13 through 2.3-20 for the
200-foot I.evel-above ground. These tables present the joint percentage
frequency distribution of Wind speed and direction for the seven Pasquil l
Stability Classes,. A through G, and for all stability-classes combined.

Annual and seasonal wind rises are shown for the 33-foot level In Figures.
2.3-3 through 2.3-7 and for the 200-foot level In Figures 2.3-8 through
2.3-12.

The 33-foot winds for the annual period were within one 22.5 0 -sector of: the
west sector about 29 percent'of the time; one sector of the west-southwest
sector about 26 percent of the time; and one sector of the west-northwest
sector about 35 percent of the time. There was considerable seasonal
variation in wind direction frequencies.
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For the 33-foot level, on: an:annual, basis, nearly 60, percent of the wind
speeds were In the 0.8-3.0 knots (1.5 .m/sec).category. More than 80 percent
of the wind *speeds were less than 5 knots (2-1/.2.'m/sec). Wind speeds were
less than 0.8 knot. (0.4'm/sec)'• (calm):about 3 :percent iof. the hours.

For the 200-foot level, about:80 percent of-the.wind speeds were less than 7
knots (3-1/2 m/s) and about 90 percent were less.than" 10 knots (5 m/sec).
Less than one percent Were less than 0.8 knot (0.4 m/sec).

2.3.2.2 Potential Influence of the Plant and Its Facilitles on Local
Meteorology

From the safety viewpoint, the. Impacts of the plant complex: (Including the
cooling towers) and Its operation are expected to be Insignificant (See.CRBRP
Final Environmental Statement, Section 5.3.3).. It is expectedthat there:will"
.not bemeasurable devlations In either the extremes or means of relevant
meteorological conditions.

Figure.2.3-13 and 2.3-14 are topographic maps showing the area surrounding the
Site. The Site is on a peninsula-like body of land, which is bordered on.
three sites by the. Clinch River. The four bends in the river which define
this land shape extend approximately between river miles 15 and 18. This
region Is characterized by a serles of nearly parallel..ridges orlented>.
approximately along a northeast-southwest axis. The terrain Is further.,,
complicated by the generally east-southeast to west-northwest, orientation of
the river valley as it cuts through the. ridges for about 8. direct miles. The
Site is located approximately midway along this stretch of the rlver.: Normal
reservoir pool elevation. Is about 740 feet MSL. Mean elevation of the. Site Is
862 feet VISL.

Topographic profile cross sections in eight compass directions radia•ing from
the Site are shown in Figure 2.3-15. A topographical profile cross. section
.indicating the meteorological tower location, sensor heights, and the center
of the containment building, with respect to the current topography Is given
in Figure.2.3-16. The terrain about 3700 feet south of the Site rises
abruptly to a height of about 240 feet above the plant grade elevation of 815
feet. Hills or ridges of similar heights are found within two miles of the
Site In each of these eight directions except northeast, southwest, and
northwest.

The highest point wlthin.a radium of five miles of the Site is Melton. Hill,
eleVation 1,356 feet MSL, 'about 4.75 miles east-northeast of the plant.
Lowest points within .a radium of five miles of the Site are along the margins
of Watts Bar Lake, the surface of which averages about 740 feet MSL.

.It Is anticipated that the irregular terrain will have an effect on dispersion
rates. In stable air, with very light wind pockets of temporary stagnation
may develop, which could causeshort-term Increases in pollutant concentration
levels. However, It has been shown that the windmeander, which occurs with
.light winds, causes ambient pollution concentrations to be much less than the
calculated values (Reference 23). As wind speeds Increase, turbulence should
Increase accordingly, with accompanying diminution-of ambient pollution
levels.
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Modifications of the air mass due to:travel over water is not considered to be
significant because of the limited over-water fetch.

Although it is felt that the mechanical turbulence caused by the terrain
irregularities will tend to reduce ambient pollution levels, a more detalled
examination of terra•in effects is: planned.

2.3.2.3 Local Meteorological Conditions For Design and Operating Bases

All plant structures are designed according to the Standard Building Code and
ANSI A58.1-1972, "Building Code Requirements for Minimum Design Loads in
Buildings and Other Structures." The application of the standards .to the
CRBRP leads to a (fastest mile) wind speed of 90 miles per hour. However,
appropriate structures have been designed to meet the requirements of the
design basis tornado (Section 3.3). Roofs are designed to withstand the load
caused by one in 100 year rain storm (3.5 inches per hour) (Reference 9). In
addition, the roofs of safety-related structures are designed for the Probable
Maximum Precipitation (PMP), as described in Section 2.4.2.3.

The temperature extremes for the HVAC system's design vary with their safety
class. Safety-related HVAC systems are designed to maintain the building
atmosphere temperature within the limits Identified In Section 9.6 up to a
maximum outside temperature of 1050F and a minimum outside temperature of
-16°F (see Section 2.3.2.1.1). Non-safety-related. systems are designed to
maintain building atmosphere temperatures based on outside temperature
extremes of 950F maximum and 90F minimum, which were obtained from Oak Ridge
X-10 data from 1966 to 1972.

Design basis meteorological conditions (wind and ice loadings) for the offsite
transmission lines are discussed In Section 8.2.1.3).

The main cooling tower has a design dry bulb temperature of 91°9 F and wet bulb
temperature of 76 0 F. The emergency cooling tower design is based on the worst
1 day and worst 30 day periods of record In accordance with Regulatory Guide
1.27 as discussed in response to Question 020.19.

2.3.3 On-Site Meteorological Monitoring Program
See Section 6.1.3.1 of the Environmental Report

2.3.4 Short-Term (Accident) Diffusion Estimates

2.3.4.1 Objectives

The objectives was to provide estimates of x/Q values for use in potential
accident consequence assessment. Atmospheric dilution factors (x/Q's) for
accident releases were estimated, using hourly data from the CRBRP 370-foot
permanent meteorological tower for the period of February 17, 1977 through
February 16, 1978. Releases were assumed to be ground level. Consequently,
the Pasquill stability classes were determined by temperature differences
between 33 and 200 feet. Wind speed and direction data were taken from the
33-foot level. Joint data recover was 97 percent.
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Two different calculational methodologies were •used. One followed the
guidance given in R. G. 1.145 to determine :deslgn basis accident X4Q's
(Reference 24). These x/Q values are expressed in two ways: (1) Yhe
probability of being exceeded 0.5 percent of the time for each of the
customary sixteen, 22.5 degree, wind direction sectors, and (2) the
probability of being exceeded 5 percent of the time on an overall site basis.

The other methodology followed the guidance given in R. G. 1.70 (which refers
to R. G. 1.4) to compute x/Q values which have the probability of being
exceeded 50 percent of the time (References 25 and 26). The x/Q values
reported are for the averaging times and distances specified In P.G. 1.145 and
1.70, as appropriate.

2.3.4.2 Calculations

2.3.4.2.1 Design Basis Accident X/Q's

Two-hourly x/Q values were computed for the exluslon area boundary (EAB) and
the outer boundary of the low population zone (LPZ). (Hourly average
meteorological data were used, and were assumed to apply for the two hour
period). A mean wind speed of 0.74 mph was used for all hours for which less
than 0.74 mph were recorded. These values were then divided among the wind
direction sectors in accordance with the relative frequencies In the next
lowest wind speed category.

For Pasquill stability classes D, E, F, and G, and a wind speed less than 13
miles per hour, x/Q values were computed for each of the following equations
(R.G. 1.145):

xI = 1. (1 )

u (T a a + A/2)yz

x/Q = 1 (2)

u (3Toao )
(3)

Where 1

U Tr' 0

X/Q is the reiative centerline. concentration (sec/i 3 )

x is the centerline ground level concentration (Ci/m 3 )

Q is the source strength release rate (Ci/sec)

Is the hourly average 33 foot wind speed (m/sec)

a is the standard deviation of the lateral plume spread (m).

is the standard deviation of 'the vertical plume spread (M).Z

Jis the standard deviation of the lateral plume spread, including plume
Y meander and building wake effects (m).

A is the minimum vertical-plane cross-sectional area of the reactor
building (m2).
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The dispersion parameters oa a and Z were evaluated in accordance with R.. . . . .... • z , ,y ,

G. 1.145. The minimum Vertical plane cross-sectional area (A) of the reactor
containment was assumed to be 2415 square meters. The actual minimum
cross-section area is somewhat larger In a more recent design of the plant.

For each hour of data, the higher of the respective values from equation (1)
and (2).was selected and compared to the result of equation (3). The lower of
those latter two values was then selected and used to form the distribution of
X/Q values for the appropriate 22.5 degree sector and on an overall basis (all
sectors combined).

For stabilities A. B, and C, and for all hours with wind speeds greater than
13 miles per hour, meander effects are not considered. Consequently, the
larger of equation (1) and (2) was assigned to the appropriate x/Q
distribution. The X./Q value Which was exceeded 0.5 percent of the time was
selected from each sector distribution. The x/Q value which was exceeded 51
percent of the time was selected from the distribution of all x/Q values.

The above procedure was applied at the exclusion area boundary (EAB) distance
for each of the 16 sectors. The EAB distance and the 0.5 percent x/Q value
for each sector are given In Table 2.3-30. The 5 percent X/Q value and the
maximum of:the sector values are also given. These-two values were compared,
and the higher is listed In Table 2.3-31 as the design accident X/Q value.
The exact same calculational procedure was applied for the Low Populatlon Zone
(LPZ) distance (approximately 2.5 miles from the release point) for the
averaging perlod of 0-2 hours. x/Q values for the intermediate averaging
times, 0-8 hours, .8-24 hours, 1-4 days and 4-30 days, were determined by a
logarithmic interpolation.(log) between 0-2 hour values and the appropriate
annual average values. The sector dependent Intermedite averaging time 0.5
percent values were determined by Interpolating between the 0-2 hour and the
annual average values for each of the sixteen sectors. The overall site.
intermediate averaging time 5 percent values were determined by interpolating
between the overall 5 percent 0-2 hour X/Q and the maximum sector annual
average X/Q (see section 2.3.5 for the annual average calculation procedure).
The 0.5 percent values for each sector, the 5 percent overall site values and
the design accident X/Q value for each time period are given in Table 2.3-30.

2.3.4.2.2 Fifty Percent Calculation

For each wind direction sector, two-hourly X/Q values were calculating using
the permanent tower hourly meteorological data and equations derived from R.G.
1.4. The dispersion parameters o and c were evaluated in accordance with
the Pasquill-Gifford curves (Refexence 26) except that for stability class G,
a and a were obtained from AEC Licensing Staff, Site Analysis Branch,
DYrectorate of Licensing (Reference 27). For the 0-2 hour time interval, the
program ranked, In descending order, all X/Q values for each wind direction
sector. A long-probability plot of the resulting order list of X/Q values was
prepared for each sector. The 50 percent value was selected from these plots.

For the EAB and LPZ, the 50 percentile X/Q values for each averaging time,
given In Table 2.3-31, are the highest of the 16 values (one for each wind

* direction sector). The highest X/Q values occurred in the west-northwest to
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northwest sectors. Consequently, the X/Q values in Table 2.3-31 occurred with
either east-southeast or southeast wind; directfions, whichever provided the
maximum X/Q values..

For time intervals of 0-8 hours, 8-24 hours, 1-4 days and 4-30 days, the
technique of overlapping moving ayerages was used to compute X/Q values, the
resulting averages were ordered and plotted for each-wind direction. For

.. example, the 8-hour X/Q values were determined after all hourly X/Q values
were calculated. Those X/Q values in the first 8 hours corresponding to the

.north wind direction were summed and dividedlby eight. This procedure treated
all X/Q values not associated with that wind direction as zero. Average X/Q

. values were determined for each 8-hour period during the year, these averages
were ranked in descending order, and the procedure at this point became
Identical to the 0-2 hour case.

These steps were then repeated for each of the remaining 15 wind direction
sectors. Time intervals of 8-24 hours, 1-4 days and 4-30 days were treated in
the same manner, except that averaging times of 16 hours, 72 hours and 624
hours, respectively, were used.

Calculation of hourly atmospheric dilution-factors was based on Gaussian
ddiffusion equations derived from R.G. 1.4 for centerline ground level
concentrations from a continuously emitting ground-level, point source:

x/Q . 1 (1)
37T- a ar

U y Z ' .

and:

x/Q= 1 (2)

u (Y 6 + A/2)
y z

All parameters are as defined previously. Both equations Include building
wake corrections as specified in R.G. 1.4.

For all stabilities and wind speeds, the computer program calculated X/Q
values from equations (1) and (2) and picked the larger of the two values.

The equation for calculating hourly atmospheric dilution factors for
postulated release times greater than 8 hours Is given in R.G. 1.4 and here:
includes a terrain correction factor:
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= 2.03 T (3)Q
G U X

Where z

x is the distance downwind,

T is an open-terraln correction factor (I to 4) depending on distance
downwind, as specified in Figure 2, R.G. 1.111,Revlislon.0.

This equation assumes that the plume meanders uniformly over a 22.5 degree
sector.

For all downwind distances, stabilities, and wind~speeds, the effects of the
turbulent wake were taken Into account by adding to the dispersion parameter a
wake effect based on the maximum allowed under NRC Regulatory Guide 1.4 or the
height of the building as suggested by Sagendorf (Reference 28). In pr ctice,
Sagendorf Increases a by fhe square root of three or substitutes (C'2 z + C• )½

in Equation (3). In ihis case, C is the wake factor equal to 0.5 and D the
building height, taken as 51.5 meters. Equation (3) Is evaluated for both
changes In az, the results are compared, and the larger values used.

The open terrain correction factor (T) was used to simulate the differences
between Equation (3), a constant mean wind direction X/Q equation, and a time
dependent mean wind direction X/Q equation. This correction factor was taken
from R.G. 1.111, Rev. 0, 1976. Because of the additional dilution expected
from the Increased mechanical turbulence from the complex terrain, It Is
believed that use of the open terrain correction factor will generally result
In overestimation of concentrations. This is supported by Van der Hoven's
evaluations of the results of field studies, including one conducted at the
Site in the mid 1970's (Reference 23).

2.3.5 Long Term Average Diffusion Estimates

Hourly average X/Q values were calculated using Equation (3), with. the
building wake factor, for the same year of record, for downwind distances up
to 50 miles, using the 33-foot level wind data (wind speed and wind direction)
and the 33.-to 200-foot stability data. All X/Q values corresponding to a
given wind direction sector for the entire year were summed and divided by the
total number of X/Q values for all wind direction sectors.

This procedure was applied to all 16 wind direction sectors, yielding an
annual average x/Q value for each sector and given downwind distance. Results
are listed in Table 2.3-32.

Least dilution Is found In the sector to the northwest of the plant which is
consistent with the relatively high percentage of type F and G stability
conditions associated with light winds that blow from the southeast.
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TABLE 2.3-1

MAXINJM RECORDED POINT RAINFALL (8)

KNOXVILLE, -TENNESSEE AIRPORT.
(1899-.1961)

Rainfall In Indicated Periods (inches)

S

Minutes-.

0.58 0.99 1.37 2.57 3.52

Maximum monthly: 11.74

Maximum annual: 61.49

(8) - Reference 8

Hours

2 3 6

3.57 3.97 4.88

IZ 2_A

5.60 6.20
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TABLE 2.3-2

CALCULATED MAXIMIUM RAINFALL FOR VARIOUS TIME PERIODS (9)

RECURRENCE INTERVAL 100 YEARS
CRBRP SITE AREA

Time Period
(hours)

0.5
1.0
2.0
3.0
6.0

12.0
24.0

Rainfall
Inches)

2.50
3.00
3.75
4.00
4.80
5.80
6.50

(9) - Reference 9
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TABLE 2.3-3

MEAN NUMVBER OF DAYS WITH SNOW AND/OR ICE WITH THUNDERSTORMS
OAK RIDGE CITY OFFICE

I"..Lf~ fkbL Bac.. A-P-r- &Y Im lul)t ý8Q. -agal.. -Qgt. NQYA DgQ.,

Snow, Ice. Pellets+
1..0. Inch or more

Thunderstorms++

I I ** 0 0

8

0

9

0 0 0 0

31

0 1

1
1 2 3 5 11 9 1I

IN)

*Mean number of days *
**Less than one-half day

+1953-1 973
++194.9-1 964



TABLE 2.3-4

MONTHLY TEMPERATURE SUMMAI'RY
OAK RIDGE AREA STATION, X-10

1945-1964

Climatological Standard Normals

.Month-

December
January

February

Winter

March
April
May

Spring

.June
July
August

Summer

September
October.
November

Fal.l-.

Annual

Mean
Month I y

40.4
40. 1
.41 .7

40.7

48.0
58.2
66.9

57.7

74.7
77.4
76.5-

76.2

71.1.
60.0
47.6

59.6

58.5

.1931-1960
Daily

Max i mum

49.4
48.9
51.6

50.0

58.9
70.0
79.0

69.3

86.1
88.0
87.4

87.2

83.0
72.2
58.6

71.3

69.4

Daily
Minimum

0(F)

31.3
31.2
31.8

31.4

37.0
46.3
54.8

46.0

63.3
66.7
65.6

65.2

59.2
47.7
36.5

47.6

47.6

Highest
Temp.

76
77
77

77

87
89
94

94

99
103

99

1.03

103
91
83

103

103

Lowest
Temp.

-5
-8

0

-8

4
24
32

4

41
49
44

41

33
21

4

4

-8

Oak Ridge City Office( 4 )
Cl imatological Standard No rmals 1941-1970

Annual 57.8 68.6 47.0 105*

(3):Knoxville Vicinity.
Climatological Standard Normals 1941-1970

104**Annual 59.7 69.8 49.5 -16

:*May 1947. - October 197:4
**'1874 - October 1 974

(4) - Reference 4
(3) Reference 3

(1) - Reference. 1

2.3-19
Amend. 65
Feb. 1982



TABLE 2.3-5

ANNUAL JOINT FREQUENCY OF WIND DIRECTIONS AND WIND SPEEDS FOR

STABILITY CLASS A

CRBRP PERMANENT TOWER, 33-FOOT LEVEL

FEBRUARY 17, 1977 THROUGH FEBRUARY 16, 1978

Wind Speed (Knots*)

C

Wind'
Direction .0-.7 .8-3.0 3.1-4.8 4.9-6.5 6.6-10.0

N .000000 .000000 .000000 .000000 .000000

NNE .000000 .000000 .000000 .000000 .000000

NE .0000000 .000000 .600000 .000117 .6000117

ENE .000000 .000000. .000000 .000000 .000000
E 00.000000 ..00000 oooooo .000000 .000000

ESE .000000 .000000 .000000 .000000 .000000
SE .000000 .000000 .000000 .000117 .000000

SSE .000000 .000000 .000000 .000000 .000000

Ssw .000000 .000006 .000117 .000000 .000000
SW .000000 .000000 .000117 .000235 .000506

WSW .000000 .000000 .0000000 .000235 .000704

W .000000 .000000 .000000 .000235 .000469

WNW .000000 .000000 .000000 .000000 .002597

NW .000000 .000000 .000000 .000000 .001407

NNWM .000000 .000000 .000000 .000000 .o000235

HRS 0 2 8. 53

FREQ .000000 .000000 .000235 .000938 .006216

AVGSPD .0 .0 4.2 5.7 7.9

10.1-16.1 16.2-21.1 21.2-99.9

.000000 .000000 .000000

.000000 .000000 .000000

.000000 .000000 .000000

.000000 .000000 .000000

.000000 .000000 .000000

.000000 .000000 .000000

.000000 .000000 .000000

.000000 .000000 .000000

.000000. .000000 .000000

.000117 .000000 .000000

.000352 .000000 .000000

.000235 .000000 .000000

.000152 .000000 .000000

.000000 .000000 .000000

.000000 .000000 .000000

9 0 0

.001055 ,.000000 .000000
12.7 .0 .0

0 .000000

0 .000000

2 .000235

0 .. 000000

0 .000000

0 .000000

1 .000117

0 .000000

0 .000000

1 . 000117

9 .001055

11 .001290

8 .000938

26 .003049

12 .001407

2 o000o35

72

.008444

.0

6.8

.0

.0

.0

6.0

.0

.0

4.8

7.4

8.6

8.4

8.4

8.4

7.9

8.2

HRS FREQ AVGSPD

Co C)
N)~ (,-

* 1 knot = 0.515 m/sec; 1 knot = 1.16 mph

Note: The frequencles of calms winds are given In the first wind speed column, 0.0-0.7
-The .7 -knots Is the stal I threshold speed of the wind direction sensor.

p0
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TABLE 2.3-6

ANNUAL JOINT FREQUENCY OF WIND DIRECTION AND WIND SPEED FOR

STABILITY CLASS B

CRBRP PERMANENT TOWER, 33.-FOOT. LEVEL

FEBRUARY 17, 1977 THROUGH FEBRUARY 16, 1978

Wind Speed .(Knots*)

Wind
Direct ion .0-.7 .8-3.0 3.1-4.8 4.9-6.5 6.6-10.0 10.1-16.1

- - - - - - - - - -- - - - -- - - -- ---------
16.2-21 .1 21.2-99.9 HRS FREQ AVGSPD

r()

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW
NNW

HRS

FREQ

AVGSPD

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

0
.0oo000o

.0

.000000

000000

.000000

.000000

.000000

.0900000

.000000

.000000.

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

0
.000000

.000117 .000000 .000117

.000000.. .000235 .000000

.000117 .000117 .000352

.000352 .000352 .000235

.000352 .000117 .000000

.000117 .000235 .000117

.000000.. .000000 .000000

.000000 .000117 .000117

.000000 .000000 .000000

.000235. .000235 .000000

.000586 .001407 .001055

.000821 .000938 .000821

.000117 .000352 .001055

.000000 .000469 .002345

.000000 .000469 .002228

X000000 .000117 .000821

24 44 79

.002815 .005160 .009265

4'2 5.7 7.8

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000117

.000821

.000352

.000469

.00.0000

.000000

15

.001759

12.2

.000000

.000000

.000000

.000000

.000000

.000000

.0o0000

.000000

.000000

.000000

.o00000

.000000

.000000

.000000

.000000

.000000

0

.000000

.0

.000000

.000000

.000000

.000000

.000000~.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

0

.000000

.0

2 .000235
2 .000235

5 .000586

8 .000938

4 .000469

4 .000469

0 .000000

2 .000235

0 .000000

4 .000469

27 .003166

29 .003401

16 .001876

28 .003284
23 .002697

8 .000938

162

.018998

5.2
5.4

6.9

5.8

4.5

6.1

.0

7.3

.0

4.4

6.3

7.6

8.1

7.9

7.6

7.3

7.1

I 1 knot = 0.515 m/sec; 1 knot = 1.16 mph

Note: The frequencies of calms winds are given In the first wind speed column, 0.0-0.7
The .7 knots Is the stall threshold speed of the wind direction sensor.
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TABLE 2.3-7.

ANNUAL JOINT FREQUENCY OF WIND DIRECTION AND WIND SPEED FOR

STABILITY CLASS C

CRBRP PERMANENT TOWER, 33-FOOT LEVEL

FEBRUARY 17, 1977 THROUGH FEBRUARY 1.6, 1.978

Wind Speed (Knots*)

( --

.)c-

Wind
Direction .0-.7 .8-3.0 3.1-4.8 4.9-6.5 6.6-10.0 10.1-16.1

N .000000 .000352 .001173 .000235 .000352 .000000

NNE .. 000000 .000821 .001407 .000938 ..000117 .000000

NE .000000 .000117 .002580 .001642 .000117 .000000

ENE .000000 .000117 .001994 .000821 .000352 .000000

E .000000 .000235 .001642 .. 000821 .000117 .000000

ESE .000000 .000000 .000704. .000117 .000000 .000000

SE .000000 .000117. .000235 .000117 .000000 .000000

SSE .,000000 .000000 .001525 .000821 .000000. .000235

S .000000 .000000. .000117 .. 000235 .000000 .000000

SSW .000000 .000000 .001525 .000586 .000000. .000000

SW .000000 .000235 .004456 .002463 .00222.8 .000117

WSW. .000000 .000235 .002463 .001759 .000704' .000235

W .000000 .000000 X000704 .000821 .000704 .000352

WNW .000000 ... 000000 .000469 .,002345 .002463 .000352

NW .000000 .0001171 .000352 .000704 .002463 ..000000

NNW .000000 .000117 .000235 .00469 .00704 .000000

SHRS .0 21 184 127 88 11

FREQ .000000 .002463 .021579 .014894 .010320 .001290

.AVGSPD .0 2.5 4.0 . 5.5 7.7 12.1

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

0

.000000

.0

.000000

.000000

.000000

.000000

.000006

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

0

.000000

.0

18 .002111

28 .003284

38 .004456

28 .003284

24 .002815

7 .000821

4 .000469

22 .002580

3 .000352

18 .002111

81 .009499

46 .005395

22 .002580

48 .005629

31 .003636

13 .001525

431

.050545

4.3

4.0

4.5

4.6

4.5

4.2

3.9

5.2

5.5

4.3

5.5

5.3.

6.7

6.7

6.8

5.9

5.3

16.2-21.1 21.2-99.9 HRS FREQ AVGSPD

* 1 knot = 0.515 m/sec; 1 knot =-1.16 mph

Note: The frequencies of calms winds are given In the first wind,,speed column, 0.0-0.7
The .7 knots is the stall threshold speed of the wind direction sensor..
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TABLE 2.3-8

ANNUAL JOINT FREQUENCY OF WIND DIRECTION AND WIND SPEED FOR

STABILITY CLASS D

CRBRP PERMANENT TOWER, 33-FOOT LEVEL

FEBRUARY 17, 1977 THROUGH FEBRUARY 16, 1978

Wind Speed (Knots*)
I rnd

Oirection .0-,7 .8-3.0 3.1-4.8 4.9-6.5 6.6-10.0 10.1-16.1 16.2-21.1 21.2-99.9

N-)
Cr~)

N

NlENNE:

ENE

E

ESE-

SE
SSE

S

SSW

SW

WSW

W

WNW

NNW/,

HRS

FREQ

AVGSP•E

.000000 .008209 .003049 .000235 .000000

.000000 .007623 .004808 .000704 .000000

.000000 .008913 .010907 .002815 .000235

.000000 .014190 .016301 .004926 .000117

.000117 .012666 .008444 .000821 .000352

.000117 .006216 .004691 .000235 .000000

.000000 .004691. .002815 .00117 .000000

.000000 .008209 .011376 .004222 .002697

.000000 .005277 .005864 .000938 .000938

.000000 .004808 .004456 .001407 .000000

.000000 .008913 .016301 .008678 .005746

.000000 .011962 .018647 .008326 .007154

.000000 .008092 .008326 .002111 .002463

.000000 .007623 .007857 .010672 .010555

.000000 .004222 .005043 .004105 .005864

.000000 .006450 .002345 .003049 .000938

2 1092 1119 455 316

.000235 .128064 .131230 .053360 .037059

.000000

-.000000

.000000

.000000

.000000

.000000

.000000

.001173

.000117

.000000

.001407

.002697

.001173

.002815.

.001173

.000000

90

.010555

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000117

.000117

.000000

.000000

.000000

.000000

2

.000235

16.7

.000000

.000000

.0o00000

.000000

.000000

.000000

.000000.

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

0

.000000

.0

HRS FREQ. AVGSPO

98 .011493 2.5

112 .013135 2.9

195 .022869 3.4

303 .035534 3.4

191 .022399 2.9

96 .011258 2.8

65 .007623 2.7

236 .027677 4.3

112 .013135 3.8

91 .010672 3.3

351 .041163 4.7

417 .048903 '4.8

189 .022165 4.3

337 .039522 5.6

174 .020406 5.3
.109 .012783 3.5

3076

.360736

4.1.7 2.2 3.8 5.5 7.7 11.5

* I knot = 0.515 m/sec; I knot = 1.16 mph

Note; The frequencies of calms winds are given In the first wind speed column, 0.0-0.7
The .7 knots Is the stall threshold speed of the wind direction sensor.
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TABLE 2.3-9

ANNUAL JOINT FREQUENCY OF WIND DIRECTION AND WIND SPEED FOR

STABILITY CLASS E

CRBRP PERMANENT METEOROLOGICAL TOWER, 33-FOOT LEVEL

FEBRUARY 17, 1977 THROUGH FEBRUARY 16,. 1978

Wind Speed (Knots*)
Wind

D I rect I on

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW
NW

NNW

HRS

FREQ

AVGSPD

.0-.7 .8-3.0 3.1-4.8 4.9-6.5 6.6-10.0 10.1-16.1 16.2-21.1 21.2-99.9 HRS FREQ AVGSPD

.000469

.000352

.000352

.000352

.000586

.000000

.000235

.000117

.000235

.000117

.000469

.000235

.000586

.000117

.000352

.0001.17

. 40

.004691

.7

.011610

.01 0437

.0091 47

.008913

.015715

.007623

.012900

.012548

.007857

.003166

.008561

.014190

.018529

.018178

.014073

.011376

1576

.184825

1.6

.000352

.000938

.002932

.0041 05

.001525

.001055

.000821

.003166

.002580

.001407

.003166

.006685

.007857

.005160

.003166

.001525

396

.046441

3.7

.000000

.000000

.000586

.000704

.000586

.000117

.000235

.000938

.000938

.001407

.0.00938

.002345

.001759

.002932

.003049

.000586

-146

.017122

5.5

.000117

.000000

.000235

.000000

.000235

.000469

.000000

.001642

.000235

.000704

.001642

.001759

.000704

.001759

.000586

.000117

87

.01 0203

7.8

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000586

.000000

.000000

.000117

.000235

.000 000

.000352

.000117

.000000

12

.001407

11.4

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000
.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

0

..000000
.. 0

.000000

.000000

.000000

.000000

.00oooo

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

0

.000000
.0

107

100

113

1 20

1 59

79
121

162

101

58

127

217

251

243

182

117

2257

.012548

.011727

.013252

.014073

.018647

.009265

.014190

.018998

.011845

.006802

.014894

.025449

.029436

.028498

.021344

.013721

.264689

1 .5

1.8

2.5

2.5

2.0

2.0

1.7

2.9

2.6

3.5

3.1

3.2

2.7

2.9

2.6

1.9

2.5

* I knot = 0.515 m/sec; 1 knot = 1.16 mph

Note: The frequencies of calms winds are given In the first wind speed column, 0.0-0.7
The .7 knots Is the stall threshold speed of the wind direction sensor.
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TABLE 2.3-1.0

ANNUAL JOINT FREQUENCY OF WIND DIRECTION AND WIND SPEED FOR

STABILITY CLASSF

CRBRP PERMANENT TOWER, 33-FOOT LEVEL

FEBRUARY 17, 1977 THROUGH FEBRUARY 16, 1978

Wind Speed (Knots*)
Wind

Direction e0-.,7 .8-3.0 .3.1-4.8 4.9-6.5 6.6-10.0 .10.1-16.1 16.2-21.1 21.2-99.9 HRS FREQ

-0 (

t.03ý

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

NNW

HRS

FREQ

AVGSPD

.000352 .0.04808 .000117 .000117 .000000

.000469 .004574 .000117 .000000 .0 00000

.001407 .05395- .000352 .,000000 .000000

.000469 .009851 .000235 .000000 .000000

.0000000 .010672 .000000 .000000 .000000

.001055 .010437 .000235 .000000 .000000

.002228 .020406 .000000 .000000 .000000

.000938. .014307 .0001117 .000000 .000000

.000000 .002580 .000117 .000000 .000000

.000000 .003166 .000117 .000000 .000000

.001055 .003284 .000000 .000000 .000000

.000469 .006450 .001173 .000000 .000000

.000821 .011258 .000469 .000000 .000000.

.000352 4013487 o001173 .000000 .000000

001876 .009382 .000000 .000000 .000000

.000469 .007036 .000117 .000000 .000000

102 1169 37. I . 0

.011962 .137094 .004339 .000117 .000000

.7-: 1.2 3.5 6.3 .0

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.060000

.0000 00,

.0000 00

.000000

.000000

.000000

0~

..000000

..0.

.000000

.000000

.000000

4000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

..000000

.000000

.000000

.000000

.000000

0

.000000
.0

.000000

,000000

.000000

.000000

.000000

.000000

..000000

.000000

.000000

.000000

.000000.

.000000

.000000

.000000

.000000
,000000~

0
.000000

.0

46 .005395

44. .005160

61 ... 007154
90 .010555

91 .010672

100 .011727

193 .022634

13 1 .01,5363

23 ,00697

28 .003284

37 .004339

.69 .008092

107 .012548

128 .015011

.96 .01.1258

65 .007623

1309

.153512

AVGSPD

1.2

1.1

1.2

1.2

.1.2

1.1

.1.2

.1.2

1.3

1.2

1.0

1.5

1.4

1.4

1.1

1.2

* A:knot 0.515 m/sec; I knot 1.16 mph

Note: The frequencies of calms winds.are given In the first wind speed column, 0.0-0.7
The .7 knots Is the stall threshold speed of the wind direction sensor.



TABLE 2.3-11

ANNUAL JOINT FREQUENCY OF WIND DIRECTION AND WIND SPEED FOR

STABILITY CLASS.G

CRBRP PERMANENT TOWER, 33-FOOT LEVEL

FEBRUARY 17, 1977 THROUGH FEBRUARY 16, 1978

Wind Speed (Knots*)

N)
0*1

Wind
Direction .'0-.7 .8-3.0 3.1-4.8 4.9-6.5 6.6-10.0 10.1-16.1

-N .000000 .001759 .000000 .000000 .000000 .000000

NNE .000586 .003636 .000000 .000000 ,00000. .000000

NE .000704 .004456 ,000000 .000000 .000000 .000000

ENE .001642 A007740 .000117 .000000 .000000 .000000

E .000352 .016301 .000117 .000000 .000000 .000000

ESE .001290 .010672 .000000 .000000. .000000 .000000

SE .003870 .024745 .000000 .000000 .000000 .000000

SSE .001642 .016501 .000117 .000000. .000000 .000000

S .000352 .003636 .000000 .000000 .000000 .000000

SSW .000704 .002815 .000000 .000000 .000000 .000000

SW .000352 .003753 .000000 .000000- .000000 .000000

WSW .000000 .006098 .000117 .000000 .000000 .000009

W .000352 .010320 .0001.17 .000117 .000000 .000000

WNW .002463 .008678 .000117 .000000 .000000 .000000

NW .000352 .003401 .000000 .000000 .000000 .000000

NNW- .000352 .002932 .000000 .000000 .000000 .000000

HRS 128 1085 6 1 0 0

FREQ .015011 .127243 .000704 .000117 .000000 .000000

AVGSPD .7 1.1 3.5 6.1 -,0 .0

16.2-21.1

.000000

.000000

.000000,

.000000

.000000

.000000

.000000

.000000

.000000

.000000.

.000000

.o0o0oo

.000000

.000000

.0000o0
0

.000000

.0 "

21.2-99.9 HRS FREQ .AVGSPD

.000000- 15 .001759 1.0

.000000 36 .004222 . 10-

.000000 44 .. ,005160,, 1."0

.000000 81 .009499 1.1

.000000 143 .016770 1.1

.000000 102 .011962 1.0

.000000 244 .028615 1..0

.000000 154 .018060 1.1

.0000.00 34 .003987 1.1

.000000 30 .003518 .9

.000000 35 .004105 .9

.000000 53 .006216. 1.2

.000000 93 .010907 1.4

.000000 96 .011258 1.2

.000000 32 .003753 1.0

.000000 28 .003284 1 .0

0 1220

.000000 .143075-

.0 1.1

* I knol = 0.515 m/sec; I knot = 1.16 mph

Note: The frequencies of calms winds are given In the first:wind speed column, 0.0-0.7
The .7 knots Is the stall threshold speed of the wind direction sensor.
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" TABLE 2..3-12 "
ANNUAL JOINT FREQUENCY OF WIND DIRECTION AND WIND SPEED FOR.

ALL STABIL ITY CLASSES

CRBRP PERMANENT TOWER, 33-FOOT LEVEL

FEBRUARY 17,, 1977 THROUGH FEBRUARY 16, 1978

Wind Speed (Knots*)
Wind

Direction .0-.7. .8r3.0 .3.1-4.8 4.9-6.5 .6.6-10.0-. :- -- - - -- -- - -. - -- -- - -- ---.-- -- -
10.1-16.1 16.2-21.1 21.2-99.9

N

NNE

NE

ENE

E

ESE

SSE
SSE

S

*SW
.. WSW

W

WWN

NNW

HRS

FREQ

AVGSPD

.0006821 .02673.9. .004160813 .000586 1 .000586

.001,407 .027090 .007271 .001876 X000117.

.002463 .028029- .016888 .005277 .001055

.002463 .040812 .023103 .006802 .000704

.001:055 .055588 .012079 .002345 .'000704

.002463 .034948 .006802 .000704 .000586

.006333 -.062859 .003870 .000586 .000000

.00N697 .051366 .016301 .006098 .004456

.000586 .019350 .008678 . 002111 .001173

.000821 .01.3956 .007857 .003636 .000704

.001876 .024745 .024628 .013721 .011258

.000704 .038935 .. 029905: .013604 .011141

.001759 .048200 .017591 .005395 .005395

.002932 .0.47965 .014777 .016418 .019819

.002580. .031195 .008561 .008326 .012548

.000938 .027911 .004222 .004222 .002815

272 4943 1768 782 .623

.031899 .579688 .207341 .091709 .073062
.,7 1.5 3.8 5.5 7.8

.000000
A000000

.000000

.000000

.000000

.000000

.001994

.000117

.000000

,001876

.004339

.002111

.004339

.001290

.000000

137

.016067

11 .7

.000000

.000000

.6000000

.000000

.000000

400.000

.000000

.000000

.000000

.000000

.000117

.000117

.000000

.000000

.000000

.000000

2

.000235

16.7

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.. 000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

0

.000000

.0

HRS FREQ

286 .033541

322 .. 037762

.458. 053712

630 .073883.

.612 .07177"2

388 .045503

628 .073648

.707 .082913

273 .032016

230 .026973

667 .078222

842 .09.8745

686 .080450

906 .106251

550 .064501

342 .040108

.8527

1.000000

AVGSPD

2.0

.2 2

2,8

2.7

2.1

1..8

1 .4

2.7

2.8

2.9

442

4.0

3.1

4.0

3.7

2.5

3.0

(D

I-.(D

to.--j

*Iknot = 0.515 m/sec; 1 knot = 1.16 mph

Note: The frequencies of calms winds are given In the first wind speed column, 0.0-0.7
The .7 knots Is the stall threshold speed of the wind directlon sensor.



TABLE 2.3-13

ANNUAL JOINT FREQUENCY OF WIND DIRECTION AND WIND SPEED FOR

STABILITY- CLASS A

CRBRP PERMANENT TOWER, 200-FOOT LEVEL

FEBRUARY 17, 1977 THROUGH FEBRUARY 16, 1978

Wind Speed (Knots*)
Wind

Direction .0-.7 .8-3.0 3.1-4.8 4.9-6.5 6.6-i0.0 10.1-J6.1 16.2-21.1. 21.2-99.9 HRS FREQ AVGSPD

.N

NNE

NE
E N E:

E:

ESE

SE

SSE

S

SSW

SW.

.WSW

WM
WNW-

NWN

HRS

FREQ

AVGSPD

.000000 .000000 .000000 .000000 .000000

.009000 .000000 .000000 .000000 .000000

.000000 .000000 .000000 .000000 .000118

o000000 .000000 .oooo00 .000000 .000000

.000000 .000000 .000000 .000000 .000000

.000000 .000000 .000000 .000000 .600118

.000000 .000000 .000000 .000000 .000000

.000000 .000000 .000000 .000000 .000000

.000000 .000000 .000000 .000000 .000000

.000000: .000000 .000000 .000000 .000000

.000000 .000000 .000000 .000000 .000000

.0000001 .000000 .000118 .000235 .000823

.'000000'. .000000 .000000 .000118 .000118

.000000: .000000 .000000 .000000 .000588

.000000 .000000 .000000 .000000 .000470

.000000 .000060 .000000 .000000 .000000

0 0 1 3 19 "

.000000 .000000 .000118 .000353 .002234

.0 -. 0 ' 4.7 6.1 :8.7

.000000

.000000

.000118

.000000

.000000

.000000

.O00000

.000000

.000000'

.000000

.000000

.000706

.000588

.001999

.001294.

.000000

40

.004704

11.2.

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000235

.000470

.000000

.000000

.000000

6

.0.00706
18.7

.000000

.000000.

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000353

.000000

.000000

.000000

.000000
'3

.000353

23 .0:

0 .000000
0 .000000

2 .000235

:0 .0.0000.

0. .0000.00

1 .000118

0 .000000

0 .000000'

0 .000000

0 .000000.

21 .002469':

11 .00 1294'ý

22:ý .002587'

15 : .001.764

0 .000000:

72r::.

.008467

.0

.0

10.6

.0

7.4

..0

'.0

'.0

.9

.0

"A2)!-A

12.0

1 0.1 64

(02
-r\()

* I knot = 0.515 m/sec; 1 knot = 1.16 mph

Note: The frequencies of calms winds are given In the first wind speed column, 0.0-0.7
The .7 knots Is the stall threshold speed of the wind direction sensor.

0



TABLE 2.3-14

ANNUAL JOINT FREQUENCY OF WIND DIRECTION AND WIND SPEED FOR

STABILITY CLASS B

CRBRP PERMANENT TOWER, 200-FOOT LEVEL

FEBRUARY 17, 1977 THROUGH FEBRUARY 16, 1978

Wind Speed (Knots*)

Wind
Directlon .0-.7 .8-3.0 3.1-4.8 . 4.9-6.5 6.6-10.0 10.1-16.1

-- -- -- ...... . ... -- - - -. ... ... .... ... -- -- -- ---------.... ..
16.2-21.1 21.2-99.9 HRS FREQ AVGSPD

N .000000 .000000

NNE .000000 .000000

NE .000000 .000000

ENE .000000 .000000

E .000000 .000000

ESE .000000 .000000

SE .000000 .000000

SSE .000000 .000000

S .000000 .000000

SSW ,000000 .000000

SW .000000 .000000

WSW .000000 .000000

W .000000 .000000

WIN .000000 .000000

NW .000000 .000000

NNW .000000 ,000000

HRS 0 .0

,FREQ .000000 .,000000

AVGSPD .0 .0

.000000 .000118 .000000

.000118 .00000 .000000

.000000 .000353 .000823

.000000 .000353 .000235

.0001.186 000118 .000235

.000000 .000000 .000118

.000000 .000000 .000000

.000000 .000000 .000118

.000000 .000000 .000118

.000245 .000000 .000000

.000000 .000118 .000706

.000235 .P01411 .001764

.000000 .000118 .000823

.000000 .000000 .000586

.000000 .000118 .002117

.000000 .000118 .000235

6 *24.ý 67

.000706 .002M22 .007879

4.1 5.7 8.3

.000000

.000000

.000470

.000000

.000000

.000000

.000000

.000118

.000000

.000000

.000000

.001058

.001058

.001646

.001529

.000235

52

.006115

12.0

.000000

.000000

.000000

.000000

.000000

.000000.

.000000

.000000

.000000

.000000

.000000

.000353

.000235

.000235

.000000

.000000

7

.000823

18.2

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000470

.000235

.000000

.000000

.000000

6

.000706

22.6

1 .000118

1 .000118

14 .001646

5 .000588

4 .000470

1 .000118

0 .000000

2 .000235

1 .000115

2 .000235

7 .000823

45 .005292

21 .002469

21 .002469

32 .003763

5 .000588

162

.019050

5.9

4.7

9.1

6.5

6.3

9.4

.0

9.3

7.6

3.3

7.A4

10.0

12.6

115

9.8

8.6

9.9

* 1 knot = 0.515 m/sec; 1 knot = 1.16 mph

Note: The frequencies of calms winds are given In the first wind speed column,.0.0-0.7
The .7 knots Is the stall threshold speed of the wind direction sensor.

(0

c-i
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TABLE 2.3-15

ANNUAL JOINT FREQUENCY OF WIND DIRECTION AND WIND SPEED FOR

STABILITY CLASS C

CRBRP PERMANENT TOWER, 200-FOOT LEVEL

FEBRUARY 17, 1977 THROUGH FEBRUARY 16, 1978

Wind Speed (Knots*)
Wind

Direct ion .0-.7 .8-3.0 3.1-4.8 4.9-6.5 6.6-10.0
---- ----- ------- -------------------

10.1-16.1 16.2-21.1 21.2-99.9 HRS FREQ AVGSPD

0

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W
WNW

NNW

HRS

FREQ

AVGSPD

.000000

.000000

.000000

.000006

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000
0Q00000

.000000

.000000

0

.000000

.0

.000235

.000235

.00011 8:

.000118

.000000

.000000

.000000

.000000

.000000

.000000

.000235

.000000

.000118

.000000

.000000

.000000

9

.001058

2.1

.000235

.001294

.002234

.000941

.000353

.000588

.000118

.000118

.000235

.000235

.000941

.002587

.0007 06

.000235

.000118

.000353

96

.011289

4.0

.000118

.000353

.002469

.001294

.000706

.000353

.000118

.000470

.000353

.000353

.001646

.002234

.001058

.000588

.000706

.000118

110

.012935

5.6

.000118

.000235

.003293

.000706

.000470

.000118

.000118

.000588

.000235

.000353

.001881

.002469

.000941

.002940

.001999

.000823

147.

.017286

7.8

.000000

.000353

.000470

.000000

.000000

.000000

.000000

.000000

.000118

.000000

.000706

.001529

.000706

.001646

.001294

.000235

60

.007056

12.0

.000000

.000000

.000000

.000 000

.000000

.000000

.066000

.000118

.000000

.000000

.000118

.000235

.000118

.000235

.000000

.000000

7

.000823

18.8

.000000

.000000

.000*000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000235

..000000

.000000

.000000

2

.000235

22.7

6

21

73

26

13

9

3

11

8

8

47

77

33

48

35

13

431

.000706

.002469

.008584

.003057

.001529

.001058

.000353

.001294

.000941

.000941

.005527

.0.09055

.003881

.005644

.004116

.001529

.050682

4.3

5.2

6.2

5.3

5.9

4.7

5.7

7.5

6.8

5.8

7.1

7.3

8.5

9.0
9.0

7.4

7.1

I knot = 0.515 m/sec; I knot = 1.16 mph

Note: The frequencies of calms winds are given In the first wind *speed column, 0.0-0.7
The .7 knots Is the stall threshold speed of the wind direction sensor.
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TABLE 2.3-16

ANNUAL.JOINT FREQUENCY OF WINO DIRECTION AND WiND SPEED FOR

STABILITY CLASS D7

CRBRP PERMANENT TOWER, 200-FOOT LEVEL

FEBRUARY 17, 1977 THROUGH FEBRUARY 16, 1978

Wind Speed (Knots*)
Wind

DIrectIon .0-.7 .8-3.0, 3.1-4.8 . 4.9-6.5 6.6-10.0 10.1-16.1 16.2-21.1 . 21.2-99.9 HRS FREQ AVGSPD

C...)

C...)
I-.

N

NNE

NE

ENE

.. E

ESE

SE

* SSE

S

SSW

WSW

W:

WNW
• NK

NNW.

HRS

FREQ

AVGSPD

.000000. .002469

.000000 .004821

.000000 .008819

.000000 .007173

.000000 .008937

.0000.00 .002587

.000000 .001646

.000000 .003057

.000000 .001646

.000000 .002822

.oo0oo0 .003881
.000000 .005762

.000000 .005527

.000000. .002822

.000000 .002940

.000000 .002117

0 .570

.000000 .067027

.0 2.2

.001176

.004468

.o16228

.010936

.006115

.006468

.002352

.004821

.005174

.005409

.012582

.015287

.007879

.003175

.004116

.001646

917

.1 07832

3.9

.000588 .001058

..001294 .000941

.007291 .009290

.009525 .007173

.001881 .001058

.001411 .000235

.000353 .000118

.002469 .001 294

.005056 .005762

.004116 .002822

.010583 .013993

.008114 .008349

.002940 . .003293

.003645 .011524

.001999 .006938

.001764 .002705

536 651

.063029 .076552

5.6 8.0

.000000

.000118

.001529

.000470

.000118

.000000

.000000

.. 000470

.002822

-000823

.003881

.006115

.006585

.010230

.004468

.000235

322

.037865

12.3

.000000

.000000

.000000

.000000

.000000

.000000

.000000.

.000353

.000353

.000000

.000470

.001999

.001058
o.001999

.000823

.000000

60

.007056

17.8

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000235

.000000

.000000

.000823

.000823

.000000

.0oo000

.000000

16

.001881

23.4

45 .005292

99. .011642

367 .043156

300 .035278

154 .018109

91 .010701

38 .004468

.106 .012465

179 .021049

136 .015992

386 .045390

395 .046449

239 .028104

284 .033396

181 .021284

72 .008467

3072

.361242

4.1

3.6

5.0

4.9

3.5

3.7

3.5

5.1
6.9

5.1

6.4

6.9

7.3

8.8

7.5

5.3

6.0

1 knot = 0.515 m/sec; 1. knot = 1.16 mph

Note: The frequencies of calms winds are given in the first wind speed column, 0.0-0.7
The .7 knots Is the stall threshold speed of the wind direction sensor.



TABLE 2.3-17

ANNUAL JOINT- FREQUENCY OF WIND DIRECT ION AND WIND SPEED FOR

STABILITY CLASS E

CRBRP PERMANENT TOWER, 200-FOOT LEVEL

FEBRUARY 17, 1977 THROUGH FEBRUARY 16, 1978

Wind Speed (Knots*)
Wind

C.,.)
N ),3

Direction .0-.7 .8-3.0 3.1-4.8 4.9-6.5 6.6-10.0

N .000000 .004233 .001646 .000588 .001294

NNE .000118 .007879. .002117 .001294 .000588

NE .000000 .008114 .006232 .003410 .006468

ENE .000118 .009643 .005.527 .005292

:E .000118 .013523 .005409 .001176 .000706

ESE .000118 .006232 .002587 .001058 .000706

SE .000000 .002822 .001881 .000118 .000118

SSE .00000 .002469 .000823 .000706 .000706

S .000000 .003998 X002469 .002469 .003175

SSW .000000 .003410 .003528 .002940 .001058

SW .000000 .004704 .006232 .004821 .004939

WSW .000000 .008467 .009878 .005056 .006115

W .000000 .008231 .005409 .004351 .005997

WNW .000000 .004821 .002705 .001999 .005880

NW .000000 .005527 .002234 .002469 .003881

NNW .000000 .004468 .001176 .000353 .000706

HRS 4 838 513 326 405

FREQ .000470 .098542 .060325 .038335 .047625

AVGSPD .7 2.0 3.9 5.6 7.9

10.1-16.1 16.2-21.1 21.2-99.9

.000235

.000000

.000941

.000118

.000235.

.000353

.000118

.000353

.001881

.001411

.002940

.002940

.001764

.001999

.001411

.000235

144

.0.16933

11.9

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000118

.000706

.000600

.000118

.000353

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

68 .007996

102 .011994

214 .025165

227 .026693

180 .021167

.94 .011054

43 .005056

44 .005174

125 .014699

105 .012347

202 .023754

279 .032808

222 .026105

152 .017874

133 .015640

59. .006938

2249

.264464

3.9

2.9

4.7

4.4

3.0

3.4

3.0

4.7
6.2

5.0

5.8

5.3

5.2

6.2
5'.4.

3.2

4.8

HRS FREQ AVGSPD

.000118 .000235

.060470 .000000

.000118 .000000

o000000 .000000

17 2

.001999 .000235

17.4 23.5

* 1 knot = 0.515 m/sec; I knot = 1.16 mph

0(D

Q0O~

N) ul1

Note: The frequencies of calms winds are given In the first wind speed column, 0.0-0.7
The .7 knots Is the stall thresholdspeed of the wind direction sensor.

0
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TABLE 2.3-18

ANNUAL JOINT FREQUENCY OF WIND DIRECTION AND WIND SPEED FOR

STABILITY CLASS F

CRBRP PERMANENT TOWER, 200-FOOT LEVEL

FEBRUARY 17, 1977 THROUGH FEBRUARY 16, 1978

Wind Speed (Knots*)

-,
kO

(A.) l

Wind
D 1 rect ion

N

NNE

NE

ENE

E

ESE

SE
SSE

S

SSW

SW

WSW
W

WNW

Nw
NNW

HRS

FREQ

AVGSPD

.0-..7 .8-3.0 3.1-4.8 4.9-6.5 &.6-10.0 10.1-16.1 16.2-21.1

.000118

.000118

.000000

.000235

.000000

.0.00000

.000000

.000235

.000353

.000000

.000118

.000353

.000000

.000000

.000118

.000000
14

.001646

.7

.004351

.006468
•.008819

.007291

.011054

.006585

.006115

.006938

.007173

.003881

.003645

.010230

.009525

.006468

.006115

.002822

914

.107479

1.8

.000470

.000706

.002352

.003645

.001881

.000235

.000235

.000706

.001058

.001999

.001881

.005174

.002469

.000941

.001294

.000353

216

.025400

3.8

.000470

.000000

.001411

.001764

.000706.

.000000

.000118

.000235

.000235

.000470

.001176

.001999

.001176

.000118

.000706

.000118

91

.010701

5.5

.000235

.000118

.000235

.001058

.000118

.000000

.000000

.000000

.000353

.000706

.000823

.001764

.000706

.000823

.000235

.000235

63

.007408

7.6

.000118

.000000

.000118

.000118

.000000

.000000

.000000

.000000

.000000

.-000000

.000000

.000000

.000000

.000000

.000000

.000000

3

.000353

11.2

.000000 .000000 49 .005762 2.5

.000000

.000000

.00000.0

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

,000000

.000000
,000000

. 0

.000000

.0

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

0

.000000

.0

63

110

120

117

58
.55

69

78
60

65

166

118
71

72

30

1301

.007408

.012935

.014111

.013758

.006820

.006468

.008114

.009172

007056

.007643

.019520

.0138766

.008349

.008467

.003528

.152 987

2.0

2.8

3.4

2.3

1.9

1.7
1.9

2.3

3.3

3.4

3.2

2.8

2.7

2.7

2.2

2.7

21.2-99.9 HRS FREQ AVGSPD

1 knot = 0.515 m/sec; 1 knot = 1.16 mph

Note: The frequencies of calms winds are given In the first wind speed column, 0.0-0.7
The .7 knots Is the stall threshold speed of the wind direction sensor.



TABLE 2.3-19

ANNUAL JOINT FREQUENCY OF WIND DIRECTION AND WIND SPEED FOR

STABIL ITY ýCLASS G
CRBRP PERMANENT TOWER, 200-FOOT LEVEL

FEBRUARY 17, 1977 THROUGH FEBRUARY 16, 1978

Wind Speed (Knots*)

Wind
Direction .0-.7 .8-3.0 3.1-4.8 4.9-6.5 6.6-10.0 10.1-16.1

--- - - - - - - - - - - - - - - - -
16.2-21.1 21.2-99.9 HRS FREQ AVGSPD

I0.
W

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

HRS

FREQ

AVGSPD

.000118 .001999 .000000 .000000 O0000

.000353 .005762 .000823 .000000 .000000

.000470 .009995 .002234 .001176 .000823

.000470 .005997 .002940 .002822 .000706

.000235 .010583 .002117 .000823 .000118
.000118 .004704 .000470 .000000 .000118

.000000 .003410 .000235 .000000 .000118

.000118 .004233 .000235 .000000 .000118

.000235 .005527 .001176 .000118 .000353

.000000 .004116 .003293 .001529 .0t0470

.000000 .:003410 .003057 .00.1764 .001294

.000118 .011289 .005997 .003410 .001764

.000118 .008114 .003645 .001646 .001176

.000118 .004116 .001529 .000823 .000118

.000118 .004116 .000823 .000235 .000118

.000000 .001881 .000588 .000118 .000000

22 759 248 123 62

.002587 .089252 .029163 .014464 .007291

.7 1.8 3.8 5.5 7.6

.000000

.000000

.000118

.000118

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000118

.000000

.000000

.000000

3

.000353

11.2

.000000 .000000

.000000 .000000

.000000 .000000

.000000 .000000

.000000 .000000

.000000 .000000

.000000 .000000

.000000 .000000

.000000 .000000

.000000 .000000

.000000 .000000

.oooooo .000000

.000000 . .000000

.000000 .00000

.000000 .000000

.000000 .000000

0 0

.000000 .000000.

.0. .0

18 .002117
59 .006938

126 .014817

111 .013053
118 .013876

46 .005409

32 .003763

40 .004704

63 .007408

80 .009407

81 .009525

192 . .022578

126 .014817

57 .006703

46 .005409

22 .002587

1217

.143109

1.4
2.1

2.8

3.4

2.3

2.0

2.0

2.0

2.6

3.5

3.9

3.4

3.3

2.8

2.3

2.5

2.9

co C)
ro Loi

* I knot = 0.515 m/sec; 1 knot= 1.16 mph

Note: The frequencies of calms winds are given In the first wind speed column, 0.0-0.7
The .7 knots Is the stall threshold speed. of. the wind direction sensor.

9V
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TABLE 2.3-20

A•NNUAL ,JOINT FREQUENCY OF WIND DIRECTION AND WIND SPEED FOR

ALL STABILI"Y CLASSES

CRBRP PERMANENT TOWER, 200-FOOT LEVEL

FEBRUARY 17, 1977 THROUGH FEBRUARY 16, 1978

Wind Speed (Knots*)

UI

Wind
0 1recf ion

N

NNE

NE

ENE

E

ESE

SE

SSE

S

5SW

SW
*WSW

W

NW

NNW

HRS

FREQ

AVGSPD

.0-.7 .8-3.0

.000235

.000588

.000470

.000823

.000353

,000235

.000000

.000353

.000588

.000000

.000118

.000,470

.000118

.000118

.000235

.00000
.40

004704

.7

.0 13288

.025165

.035865

.030221

.044097

.020108

.013993

.016698

.018344

.014229

.015875

.035748

.031515

.018227

.018697

.011289

3090

.363358

1.9

.003528

.009525

.029280

.024459

.015992

.010348

.004821

.006703

.010113

.014699

.024694

.039276

.020108

.008584

.008584

.004116

1997

.234831

3.9

.001881

.002940

.016110

.021284

.005409

.002822

.000706

.003881

.008231

.009407

.020108

.022460

.011406

.007173

.006232

002587
1213

.142639

5.6

.002705

.001881

.021049

.015169

.002705

.001411

.000470

.002822

.009995

.005409

.023636

.023048

.013053

.022460

.015757

.004704

1414

166275

8.0

3.1-4.8 4.9-6.5 6.6-10.0
-. .- - - - - - --.-. - - - - - - -. . .

10. 1-16. 1

.000353

.000470

.003763

.000823

.000353

.000353

.000118

.000941

.004821

.002234

.007526

.012347

.010818

.017521

.009995

.000941

624

.073377

12.1

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000588

.001058

.000000

.000706

.003175

.001999

.002940

.000941

.000000

97

.011406

17.9

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000000

.000235

.000000

.000000

.001646

.001529

.000000

.000000

.000000

29

.00341.0

23.2

187

345

906

789

586

300

171

272

454

391

788

1175

770

655

.514

201

8504

.021990

.040569

.106538

.092780

.068909

.035278

.020108

.031985

.053387

.045978

.092662

.138170

.090546

.077023

.060442

.023636

1 .000000

3.4

2.9

4.5

4.3

2.9

3.1

2.6

3.9

5'.3

4.5

5'. 8

5.6

5.6

7.2

6.1

4.1

4.9

16.2-21.1 21.2-99.9 HRS FREQ AVGSPD

Coc'
N.) C;'

* 1knot = 0.515 m/sec; I knot = 1.16 mph

Note: The frequencies of calms winds are given In the first wind speed column, 0.0-0.7
The .7 knots Is the stall threshold speed of the wind direction sensor.



TABLE 2.3-21

MONTHLY WIND DATA SUMMARIES

Tower T+
Oak 0kRtjgCQt f i cQ
Average
Speed Prevailing

Mo1nth AmjphiL DOiL iiýn

KnxilleAirporf_±*
Average

Speed
_impbl

rea Station J-10+
Average
Speed Prevailing
_ m1Pb_ Di_Lrnt_.on

__ 33 FLgL1_"_v_
Average

Speed Prevailing.
__mJbL. DiregdIon

200 F of Level
Average

Speed Prevailing
_TD_2hL Dir~ec t Io

Prevailing
UeEt.eI on

January

February

March

April

May

June

July

August

September

October

November

December

4.8

5.0

5.3

5.7.

4.5

4.2

3.9

3.7

3.8

3.6

4.1

4.5

SW

ENE

SW

SW

SW

SW

SW

E

E

E

E

SW

8.2

8.7

9.2

9.3

7.4

6.7

6.3

5.7

5.9

5.9

7.2

7.6

NE

NE

NE

WSW

SW

SW

WSW

NE

NE

NE

NE

NE

5.3

6.0

6.8

7.0

6.2

6.2

4.2

1.5

2.9

2.9

3.2

4.3

SSW

SSW

WSW

SSW

NE

WSW

SSW

SSW

NNE

NNE

N

NNE

4.5

4.4

4.3

3.7

2.8

3.3

2.8

2.6

2.4

3.0

3.3

4.0

WNW

WNW

SSE

WSW

ENE

SW

WSW

SW

E
WNW

WNW

WNW

7.5

7.5

7.2

5.9

4.4

5.3

4.1

4.1

4.1

4.8

6.0

"6.8

5.6

WNW

NE

WSW

WSW

NE

WSW

WSW

WSW

NE

WSW

ENE

WSW

WSWAnnual 4.4 SW 7.3 NE 4.7 SSW 3.5 WNW

16-year record on wind speed, 13-year record on prevailing direction(4)

• 31-year record on wind speed, 14-year record on prevail ing direction(3)

+ 1-year record1 2 61 (102 feet, sensor elevation)

4+ 1-year record, February 17, 1977 - February 16, 1978



TABLE 2.3-22

MONTHLY 'AVERAGE RELATIVE HUMIDITY VALUES FOR

THE CRBRP SITE1

FEBRUARY 17, 1977 - FEBRUARY 16, 1978

Relative Humidity
-in Percent (%)Month

February

March

April

May

June

July

August

September

October

November

December

January

Annual Average

60

64

69

77

•77

77

81

86

80

80

74

75

75

1. Derived from dew point and ambient temperature
foot permanent tower site.

data collected at the 370

2.3-37

Amend. 65
Feb. 1982



TABLE 2.3-23

MONTHLY AV ERAGE RELATE.:IVE HUMIDITY VALUES(3)

FOR KNOXV ILLE AIRPORT

196.1-1973

S

Relative Humidity

Month

at Indicated Time (E. .LT

January

February

March

April

May

June

July

August

September

October

November

December

Year

(3) Reference 3

76

71

69

70

77

84

86

87

86

83

78

76

79

77

78

78

83

88

90

92

91

88

83

80

84

63

60

54

51

54

59

62

61

58

55

59

64

58

64

59

54

52

56

62

66

66

66

62

65

67

62

71

67

64

63

68

73

76

77

75

72
-71

72

I

79 71

2.3-38
Amend. 65
Feb. 1982



TABLE :'2.3-24

iPRECIP1TAT-ON DATA SUMMARY
OAK RIDGE :AREA STATION, x-io( 1 )

1944 1964

Monthly

Average*

(inches.)

Monthly

Maximum

QInches)

Monthly

Minimum

(Inches)

Maximum

in 24 Hours

I•nches)

December

January

February

Winter

March
April

May

Spring

June

July

August

Summer

September

October

November

Fall

Annual

5.22

5.24

5.39

15.85

5.44

4.14

3.48

13.06

3.38
5.31

4.02

12.71

3.59

2.82

3.49

9.90

51.52

10.28

12.37
10.01

9.69

8.54

7.01

7.55

10.19

10.31

12.84
..6.43

12.00

12.84

1 .98

1.11

1 .89

2.06

1 .25

0.90

1.18

2.14

0.50

0.21

0.00

1.01

0.00

4.38

3.96

3.23

3.84

2.39

2.09

3.08

3.74

3.31

7.75

2.32

3.20

7.75

* Standard climatological normals (1931-1960)

(1) - reference I

2.3-39

Amend. 65
Feb. 1982



TABLE 2.3-25

PRECIPITATION: SUMMARY FOR

THE. CRBRP i.S.ITEO

FEBRUARY 17,. 1977 -.-;FEBRUARY 16, 1978

PrecipItation

- Month In Inches.,

February

March

April

May

June

.July

August

September

October

November

December

January

Annual total

1 .44

4.81

6.95

1 .36

3.55

1.01

4.22

8.96

4.36

6.55

3.37

5.21

51.79

1. Data col lected at permanent 370 foot tower site.

2.3-40
Amend. 65
Feb. 1982



TABLE 2.3-26

SNOW OR ICE'PELLET SUMMARY.FOR

OAK RIDGE CITY OFFICE( 4 )

1948 - OCTOBER 1974

Mean*

oT0taI

Snow or Ice Pellets (Inches

Maximum Max

Monthly 24ý

Irnum In

-Hoursl~Month

January

February

March

April

May

June

July

August

September

October

November

December

3.2

2.9

1.5

T

0.0

.0.0

0.0

0.0
0.0

T

0.5

2.2

10.3

9.6

11.3

21.0

0.3

0.0

.0.0

0.0

0.0

0.0
T

6.5

14.8

21.0

8.3

9.1

12.0

0.3

0.0

0.0

0.0

0.0

T

6.5

10.8

12.0Year

Maximum Annual 41.4 Inches (1959 - 1960 snowfall season)

*1949 - 1973

T Trace

(4) Reference.4

2.3-41
Amend. 65
Feb. 1982



TABLE 2.3-27

MONTHLY MEAN :NUMBER OF HEAVY FOG DAYS FOR KNOXVILLE**

AND OAK RIDGE CITY OFFICE+

Fog Days

KnoxvIlleMonth

January

February

March

Apr Il

May

June

July

August

September

October

November

December

3

2
1

2

2

2

3

4

5

3

2

(mean number)
S Oak Ridee

LI~

1

1

2

2

3

4

4
8

6

2

34

0

Annual 31

* Visibility less than 1/4 mile

** 31-year record (1943-1973) (Reference 3)

+ 14-year record (1951-1964) (Reference 4)

9
2.3-42

Amend. 65
Feb. 1982



TABLE 2.3-28

MEAN NUMBER OF DAYS WITH FOG

JANUARY 1964 THROUGH OCTOBER 1970(22)

(Visibility Less Than Stated Value)

Melton Hill Lake at

Bull Run Creek,

Clinch River Mile 46.4
<1100 yards <550 yards

Melton Hill Lake at Dam,

Clinch River Mile 23.1
<1100 yarda 50-adMonth

January

February

March

April

May

June

July

August

September

October

November

December

3

3

2

2

6

7

12

15

13

10

11

6

91

2

2
1

4

3

7

9

8

8

6

3

4,

5

5

6

8

12

13

14

16

15

13

8

4

4

4

5

7

10

10

12

15

14

12

8

106Annual* 54 119

(22) - Reference 22

* Annual values may differs slightly from the sums of the respective months

because of rounding procedures.

2.3-43 Amend. 65

Feb. 1982



TABLE 2.3-29

NUMBER AND PERCENT OCCURRENCE

PASQUILL STABILITY CLASSES

CRBRP PERMANENT TOWER

Stabl IA_ B_ __ _ Jtv Classes

March
1977

Apr il
1977

May
1977

June
1977

July
1977

August
1977

Number 2 9 37 249 165 69 208
Percent 0.27 1.22 5.01 33.69 22.33 9.34 28.15

Number 19 20 24 235 156 67 194
Percent 2.66 2.80 3.36 32.87 21.82 9.37 27.13

Number 1 13 44 253 158 143 128
Percent 0.14 1.76 5.95 34.19 21.35 19.32 17.30

Number 17 21 51 196 153 82 95
Percent 2.76 3.41 8.29 31.87 24.88 13.33 15.45

Number 3 14 82 241 114
Percent 0.43 2.01 11.78 34.60 16.381

175
25.14

67
9.63

9Number 1 11 40 245 185 175 76
Percent 0.14 1.50 5.46 33.42 25.24 23.87 10.37

September
1977

Number 0
Percent 0.0

2 17 239 241 176 41
0.28 2.37 33.38 33.66 24.58 5.73

October Number 6 14 37 205 227 148 101
1977 Percent 0.81 1.90 5.01 27.78 30.76 20.05 13.68

November Number 3 14 19 276 218
1977 Percent 0.42 1.94 2.64 38.33 30.28

84 106
11.67 14.72

91 78
12.50 10.71

December Number 3 11 26 287
1977 Percent 0.41 1.51 3.57 39.42

23,2
31 .87

II January Number 14 23 24 364 239 44 36
1978 Percent 1.88 3.09 3.22 48.92 32.12 5.91 4.83

February
1978

Number 3 10 30 283 161 47 87
Percent 0.48 1.61 4.83 45.57 25.93 7.57 14.01

I Annua I* Number 72 162 431 3072 2249
Percent 0.85 1.90 5.07 36.12 26.46

1301 1217
15.30 14.31

* February 17, 1977 - February 16, 1978 (Bw

2.3-44 Amend. 71
Sept. 1982



TABIE 2.3-30

DES IGN BAS IS ACCIDENT x/Q VALUES FOR THE
EXCLUSiCN AREA BOUNDARY (EAB) AND LOW POPULATION ZONE (LPZ) DISTANCES1

73 FT. WIND SPEED AND DIRECTION; 200-FT TO 33-FT DELTA I
PERMANENT lOWER DAIA

FEBRUARY 17, 1977 - FEBRUAPY 16, 1978

Design Accident /Q Value 2 :

Maximum Sector 0.5 Percentile /Q Value:
Overall Site 5th Percentile /Q Value:

Exclusion Area Boundary (2 hr only)
•[ in5 ydiug •=! _m

EAB
.Q-_Z_1E

I ,IE-3
I .1E-3
8. 7E-4

LPZ
.QmZJUr i2.O -Hr 11ZZ4JE h.y Dy .Anpuril

2.6E-4
2.6E-4
2.3E-4

1 .2E-4
I .2E-4
I .I E-4

8.4E-5
8.4E-5
7.7E-5

3.7E-5
3.7E-5
3.5E-5

I .2E-5
I .2E-5
I .I E-5

2.8E-6
2.8E-6
2 .8E-6

Low Population Zone
4

(.,

I,

N 3.5E-4
NNE 8.2E-4

NE I .OE-3
ENE I I E-3

E 9.IE-4
ESE 7.8E-4

SE 9.8E-4
SSE 8.9E-4

S I .7E-4
SSW 2,9E-4
SW 6.0E-4

WSW 5.4E-4
V1' 6.2E-4

W'NW 6.4E-4
NW 5.3E-4

NNW 6.9E-4

681
671
671
671
718
832
832
870

1966
1134

832
839
839
882

1008
756

12L igoLQD
5

N
NNE
NE

ENE
E

ESE
SE

SSE
S

SSW
SW

WSW
W

WNW
NW

NNW

8.8E-5 3.9E-5 2.6E-5 1.IE-5
1.2E-4 5.2E-5 3.4E-5 1.4E-5
I .5E-4 6.5E-5 4.3E-5 1 .7E-5
1 .9E-4 8.4E-5 5.6E-5 2.3E-5
I .9E-4 8.9E-5 6.OE-5 2.6E-5
2.IE-4 9.3E-5 6.1E-5 2.5E-5
2.6E-4 1 .2E-4 8.4E-5 3.7E-5
2.3E-4 I.OE-4 7.1E-5 3.OE-5
8.9E-5 3.9E-5 2.5E-5 1.OE-5
9.IE-5 3.8E-5 2.5E-5 9.8E-6
I .5E-4 6.4E-5 4.2E-5 1 .7E-5
I .4E-4 6.4E-5 4.3E-5 I .8E-5
1 .6E-4 7.4E-5 5.OE-5 2.2E-5
1.7E-4 7.9E-5 5.4E-5 2.4E-5
1 .4E-4 6.4E-5 4.3E-5 I .8E-5
1.3E-4 5.6E-5 -3.7E-5 1.5,E-5

Q:Z-HE .0m&J~r EZI1Er lm4L2,y 4~AM2-Dy Annual

* 3.2E-6
* 3.7E-6

4.7E-6
6.5E-6
8.0E-6
7.OE-6
I .2E-5
8.8E-6
2.8E-6
2.5E-6
4.4E-6
5.3E-6
6.5E-6
7.2E-6
5.3E-6
4.1 E-6

7.0E-7
7.7E-7
9.7E-7
1 .4E-6
1 .9E-6
1 .5E-6
2.8E-6
2.0E-6
5.8E-7
5.0E-7
8.9E-7
1 .2E-6
I .5E-6
I .7E-6
1 .2E-6
8.5E-7

1 .
2.
3.
4.
5.

Computed according to R.G. 1.145
Greater of maximum sector 0.5 percentile value and 5th percenille overall
Computed according to R.G. 1.111
Distance of approximately 2.5 miles
Direction from which wind Is blowing

Or D

N) ~



TABLE 2.3-31

FIFTIETH PERCENTILE x/Q VALUES FOR EAB AND LPZ DISTANCES!

33-FT WIND SPEED AND DIRECTION; 200-FT TO 33-FT DELTA T

PERMANENT TOWER DATA
FEBRUARY 17, 1977 - FEBRUARY 16, 1978

Distance 50th Percentile X/O Values (sec/mr3 )

mi 0-2Hr 0-8 Hr -2 -4 .43D

Minimum Exclusion 0.42 1.O1E-3 1.55E-4 1.23E-4 7.69E-5 9.06E-5

Area Boundary

Low Population Zone 2.5 1.59E-4 2.30E-5 3.58E-6 2.29E-6 2.60E-6

Distance

1. Values computed according to R.G. 1.4 (6/74). These maximum sector values occurred In the west-northwest or northwest sectors

(east-southeast or southeast wind direction).

(0 M

co--
Nx) CD

0.



TABLE 2.3-32

ANNUAL AVERAGE Pl0's (In Sec/r
3 ) AT VARIOUS DOWNWIND DISTANCES

FOR,EACH WIND SECTOR BASED ON PERMANENT T(MER DATA
FEBRUARY 17, 1977 - FEBRUARY 16, 1978

(33-Foot Wind and 200-Foot to 33-Foof Delta T)

Downwind Annual AverageA/4 Value (sec/m3)*
Distance Wind Direction *W

(iles)-L N Nj Nr ENE ESE SF SE S SS SW WWW WNW NW NNW

0.1 2.95E74 3.40E-4 4.20E-4 6.23E-4 8.05E-4 6.60E-4 1.29E-3 9.29E-4 2.51E-4 2.21E-4 3.91E-4 5.13E-4 6.57E-4 7.58E-4 4.88E-4 3.69E-4
0.2 8 44E' , .78E-5 1.21E-4 1.80E-4 2.32E-4 I.91E-4 3.74E-4 2.68E-4 7.22E-5 6.38E-5 1.12E-4 I.47E-4 1.89E-4 . 2.18E-4".. 1.40E-4 1.061-4
0.3 4.18E-5 4.84E-5 5.99E-5 8.88E-5 1.15E-4 9.34E-5 1.83E-4 1.32F-4: 3.58E-5 3.15E-5. 5.61E-5 7.34E-5 9.31E-5 I .07E-4 6.89E-5 5.21E-5
0.34 3 .35E-5 3.86E-5 4.78E-5 7.08E-5 9.08E-5 7.39E-5 1.44E-4 1.04E-4 2.85E-5 2.51E-5 4.50E-5 5.88E-5 7.40E-5 8.55E-5 5.49E-5 4.16E-5
0.42 2.43E- 5 2.77E-5 3.42E-5 5.06E-5 6.47E-5 5.24E-5 I .02E-4 7.41E-5 2.05E-5 1 .79E-5 3.25E-5 4.25E-5 5.30E-5 6.12E-5 3.95E-5 2.99E-5
0.5 i .861-5 2.IOE-5 2.59E-5 3.81E-5 4.88E-5 3.92E-5 7.591-5 5.57E-5 1.56E-5 1.35E-5 2.47E-5, 3.241-5 4.03E-5 4.63E-5 2.991-5 2.27E-5

r,) 0.6 1 .41E-5 1.58E-5 1.94E-5 2.85E-5 3.64f-5 2.921-5 5.62F-5 4.14E-5 1.18E-5 1.01E-5 1.86L-5 2.44E-5 3.02E-5 3.47E-5 2.25F-5 1.71E-5
0.7 I 12E-5 1 .25E-5 1 .53E-5 2.24E-5 2.861-5 2.89E-5 4.39E-5 3.25E-5 9.28E-6 .7.92E-6 1.47E-5 1.93E-5 2.39E-5 2.74E-5 1.79E-5 1.36E-5

I 1.0 5.49E-6 6.03E-6 7.41E-6 1.08E-5 1.37F-5 1.10E-5 2.11E-5 1.56E--5 4.46E-6 3.80E-6 7.04E-6 9.31E-6 1.16E-5 I.33E-5 8.79E-6 6.65E-6

-r. 1.5 2. ý21-6 2.45E-6 2.97E-6 4.24E-6 5.39E-6 4.33E-6 8.201-6 6.19E-6 1.81E-6 1.49E-6 2.81E-6 3.77E-6 4.73E-6 5.37E-6 3.66E-6 2.761-6
14 2.0 I J13E-6 1.24E-6 1.52E-6 2.22E-6 2.81E-6 2.30E-6 4.411-6 3.23E-6 9.07E-7 7.77E-7 1.42E-6. 1.89E-6 2.39E-6 2.74E-6 1.84E-6 1 .38E-6

2.5 7 07E-17 7.77E-7 9.56E-7 1.39E-6 1.78E-6 1.46E-6 2.82E-6 2.05E-6 5.70E-7 4.89E-7 8.82E-7 1.18E-6 1.51E-6 1.73E-6 1.16E-6 8.70E-7
3.0 4.97E77 5.52E-7 6.80F-7 9.96E-7. 1.27E-6 1.05E-6 2.03E-6 1.47E-6 4.06E-7 3.50E-7 6.27E-7 8.36E-7 1.07E-6 1.23E-6 8.18E-7 6.15E-7

3.5 3.70E-7 4.13E-7 5.09E-7 7.47E-7 9.56E-7 .. 7.89E-7 1.53E-6 1.11E-6. 3.04E-7 2.62E-7 4.67E-7 6.23E-7 8.04E-7 9.21E-7 6.12E-7 4.601-7
4.0 2.91E-7 3.26E-7 4.02E-7 5.91E-7 7.39E-7. .6.27E-7 1.22E-6 8.79F-7 2.40E-7 2.08E-7 3.68E-7 , 4.90E-7 6.35E-7 7.28E-7 4.82E-7 3.62E-7

4.5 2 36E-7 2.65E-7 3.26E-7 4.80E-7 6.18E-7 5.11E-7 9.97E-7 7.16E-7 1.95E-7 1.69E-7 2.97E-7 3.97E-7 5.17E-7 5.92E-7 3.921-7 2.94E-7

5.0 I .97E-7 2.22E-7 2.•3E-7 4.03E-7 5.20E-7 4.3 1E-7 8.42E-7 6.03E-7 1.63E-7 1.42E-7 2.49E-7 3.32E-7 4.34E-7 4.97E-7 3*28E-7 2.46E-7
7.0 1.08E-7 1 .23E-7 1.52E-7 2.25E-7 2.93E-7 2.43E-7 4.79E-7 3.40E-7 9.10E-8 7.95E-8 1.37E-7 1.83E-7 2.42F-7 2.77E-7 I.82E-7 1.36E-7

7.5 9.661-8 I.IIE-7 i.37E-7 2.03E-7 2.63E-7. 2.19E-7 4.32E-7 3.07E-7 8.18E-8 7-.15E-8 1.23E-7 1.641-7, 2.1"E-7 2.491-7 1.63E-7 1.22E-7
9.0 7.59E-8 8.76E-8 1 .08E-7 1.61E-7 2.IOE-7 1I .75E-7 3.46E-7 2.45E-7 6.481-8 5.68r-8 9.67E-8 1.29E-7 1.72E-7 1.98E-7 1.29E-7 9.67E-8

10.0 6.60E-8 7.64E-8 9.42E-8 1.40E-7 1.841-7 1.53E-7 3.04E-7 2.14E-7 5.65E-8 4.97E-8 8.41E-8 1 .12E-7 .1.50E-7 1.72E-7 1.12E-7 8.45E-8

15.0 3.81E-8 4.47E-8 5.53E-8 8.27E-8 1.09E-7 9.14E-8 1.82E-7 1.27E-7 3.31E-8 2.93E-8 4.88E-8 6'.52E-8 8.83E-8 1.01E-7 6.54E-8 4.92E-8

20.0 2.61E-8 3.10E-8 3.83E-8 5.75E-8 7.61E-8 6.40E-8 1.28E-7 8.92E-8 2.30E-8 2.04E-8 3.37E-8 4 .49E18 6.14E-8 7.04E-8 4.52F-8 3.40E-8

21.0 2.45E-8 2.91E-8 3.59E-8 5.40E-8 7.15E-8 6.02E-8 1.20F-7 8.38F-8 2.16E-8 1.92E-8 3.15E-8 4;211-8 5.76E-8 6,61E-8 4.251-8 3.19E-8

25.0 1.95E-8 2.33E-8. 2.88[-8 4.34E-8 5.76E-8 4.85E-8 9.74[-8 6.76E-8 1.73E-8 1.54E-8 2.52E-8 3.37E-8 4.63E-8 5.31E-8 3.40E-8 2.56E-8

35.0 1 .27E-8 1.54E-8 1.90E-8 2.88E-8 3.86E-8 3.25E-8 6.57[-8 4 .54F.-8 1.15E-8 1.03E-8 1.66F-8 2.21E78 3.06E-8 3.52E-8 2.22E-8 1.68F-8

45.0 9.31E-9 1.14E-8 1.41E-8 2.14E-8 2.89E-8 2.43E-8 4 .93E-8 3.39F-8 8.54E-9 7.67[-9 1.22E-8 1.631E8 2.28E-8. 2.61E-8 1.64E-8 1.24E-8

50.0 8.23E-9 1.021-8 1.25E-8 1.91 E-8 2.58E-8 2.171-B 4.41E-8 3.03E-8 7.61E-9 6.84E-9 1.08-6 I .44E-8 .2.02E-8 2.32E-8 1.45E-8 1..IE-8

* Computed according to R.G. 1.111
* Direction from which wind Is blowing
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Figure 2.3-5 SPRING WIND ROSE FOR THE 33-FOOT LEVEL
FROM CRBRP PERMANENT TOWER METEOROLOGICAL DATA

Amend. 65
Feb. 19822.3-52



.1.9
N2.4

NNW
2.3

NNE

3.2
WNW

2.5W

WsW
3.4

2.7:
ENE

E 2.2

ESE
1.7

SSW--ýý SSE

2.3 S 2.0
2.6

*Value denotes average wind speed for each sector.
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.Figure. 2.3-11 SUMMER WIND ROSE FOR THE 200-FOOT LEVEL
FROM CRBRP PERMANENT TOWER METEOROLOGICAL DATA

2.3-58 Amend. 65
Feb. 1982



4.1
4.1 L,

N' 3.1NNW

6.1
WNW

4.5 W

4.:5

ENE

E 2.9

ESE
2.8

0>
WSW

4.9

SSE
3.8 S

2.34.4*

*Value denotes average wind speed for each sector.

Figure 2.3-12 FALL WIND ROSE FOR THE 200-FOOT.LEVEL
FROM CRBRP PERMANENT TOWER METEOROLOGICAL DATA

2.3-59 Amend. 65
Feb. 1982



ORGDP( -

7-'

,~~ .. .i" ..-. .•--, .= . , . ..

.. ,- .7 . , .....• '

-2 ..". 1 N

SE.FGUE-6314

0Amend. 6

Fmebd. 198

•¢.-•:,_,.•¢.._,':-•,--~~~~Feb 1982. . . ? -• ,... .. - .• -



Figure 2.3-14 SITE TOPOGRAPHIC MAP
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