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C. Es

timated Reaction and Res onse Times

1.

The time required. for the 1n1t1al 3001dent assessment of the most

serious design basis accident may require 15 minutes. This time is
an estimate based on the operation of the reactor instrumentation

used to follow the course of accidents. Based on TVA's experience,
the time required to perform an initial dose projection and notify
off51te authorltles can be accompllshed in 15 minutes.

- For the most serious de51gn basis accident, the projected two—hour doses at
the exclusion area boundary do not reach the protectlve action guide level

for ev

2

acuatlon.

The time required to warn all resident and transient persons in any
.evacuation sector will conform to the requirements of 10 CFR 50,

~ Appendix E-1982.

'The estimated elapsed time, after the initial warning, to evacuate
the 2-mile emergency planning zone (EPZ) is-4 hours. The estimated.
evacuation time for the 5-mile EPZ is 6 hours, 35 minutes. The
-estimated evacuation time of the 10-mile EPZ is 8 hours 45 minutes.
Each estimate contains a 1-hour 50—m1nute preparation time factor.

;These evacuatlon tlme estlmates were prepared by the Traffic

,,4M§nagement Division of the Tennessee Department of Transportation.

-a;,Flgures 13. 3A-5 and 13,3A-6 'are maps showing all roads within 10
miles of the Clinch River Project. Also indicated are the 2-,
5-, and 10-mile EPZ. ' :

.3@b. Table . 13 3A~1 shows the transient and resident populatlons in the

16 directional sectors within 10 miles of the Clinch Rlver
PI"OJeOt This table uses 1980 census data.

c. Table_ 13.3A-2 shows the .estimated transient and resident
- populations in the 16 directional sectors within 10 miles of .the
Clinch River Project. This table uses the projected population
figures for year 2020. The projected population figures come
~from a report prepared by the Firm of Dames and Moore dated
June 16, 1981.

“d. Privéte_automObiles will be the:primary'means for evacuating the

population. Buses are expected to be used to evacuate schools -
-and other institutions. This procedure will be spe01f1cally
addressed in the CRBRP-REP.

fTable 13. 3 1 glves the agenc1es 1nvolved in the CRBRP emergency

plan.
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.
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- 14.1-1

This chapter provides information relating to the initial plant startup and
operation program to show that the |icensee plans to develop and conduct a
comprehensive test program on this first of a kind plant, and that necessary
early planning has been done for successful achievement of these goals.

The need Is recognized for development of a comprehenslve preoperational and
inttial startup test program for the CRBRP plant, the preparation of adequate
test instructions for carrying out the programs, the proper conduct of the
test programs, and assuring the validity of the test results. The test

. programs- will provide additional assurance that the plant has been properly

designed and constructed and is ready to operate in a manner that will not
endanger the health and safety of the public; that the operating Instructions
for operating the plant safely have been evaluated and demonstrated; and that

the plant operations personnel are knowledgeable about the plant procedures o

and operating instructions and fully prepared to operate the plant In a safe.
manner. -

The test prograns will al so Include testing for interactions such as the

per formance of inferlock circuits in the reactor protection systems. It will
be determined that proper permissive and prohiblf functions are performed: and ‘
that circuits normally active and supposedly unaffected by the position of ‘fhe
mode switch perform. their function in de. Care wiil be taken to ensure:
that redundan+ channels of equipment are d lndependen*ly

The test program developmen* will util |z d Incorporate preoperational and
startup test experience from LWR's and FF] PSAR, Appendix H, paragraph.
|.C~5, "Procedures for Feedback of Operating, Design, and: Cons?rucflon
Experience," provides additional information on the procedures:for ensuring
such experlence utilization. ‘ . '

14.1 DESCRIPTION OF TEST PROGRAMS

" The initial test program for the plant is divided into two parfs
vpreoperaflonal testing, and the Initial startup testing.

Phases 1 and 2 preoperational tests are those conducted prior to fuel loading
tc demonstrate the capabil ity of structures, systems, and componenTs to meet
performance requirements, including safety related requirements. These tests

‘are used to demonstrate that overall plant performance is acceptable and that

the CRBRP.is.ready for inI#lal instal lation of fuel. For schedul ing purposes,
the preoperational tests are divided into two phases. Phase 1 is defined as

fesTing following planf turnover from the constructor to Initial introduction
of sodium into the Heat Transport System (HTS). Phase 2 testing is deflned as
the plant testing which requires sodium in the HTS prior to initial core load.

Sfar*up testing conslsfs of such activities as fuel loading, precritical
tests;, low power tests (including critical tests), and power-ascension tests
performed after fuel loading to completion of acceptance testing that confirm

" the design bases and demonstrate, where practical, that the plant is capable

of withstanding the anticipated transients and postulated accidents.

Amend. 75
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Startup testing Is also divided into two phases for scheduling purposes. .
Phase 3. 1s defined as the testing period beglnnlng with initial core load and
exfendlng to 5% power. Phase 4 Is defined as the power ascension test perlod '

“and covers the power +es+|ng from 5¢ to. 100% power.

14.1.1 ngmenatBXEﬂ.Iestiﬂ:&kamf

The obJecflves of fhe preoperaf!onal +es+ progran are to denons+ra+e The L

capabil ity .of structures, systems, and components to meet performance R
requlrenenfs- to ‘assure ThaT to the extent possible, procedurés for. operaflng o
the plant have been used and evaluated; and that the operating organizaflon'*

‘acqulres sufficlient knowledge about the plant features and procedures to
‘operate the plant In a safe manner. The preoperational test. program will

demonstrate not. only that the design of . sysfems, structures and componenfs

'meef‘fhe_objecflves, but that ‘construction of the plan+ has been done In a )

mannerﬂ+ha+ -assures +ha+ +he planf can be, operafed safeL_:e

The preoperaflonal fes* program wIII begln only af+er a’ very slgniflcanf

portion of the plant construction Is complete. Before a ‘structure, sysfem, or

component Is preoperational ly tested, acfivities on it must be essential ly
complefe, w!fh fhose Incomple+e portions. clearly documenfed In fhe fes?

report.

Beforé'préopera+lonal +es+s are started on a system, structure, or component,
construction tests such as system flushing and cleaning, wiring checks, and
leak tightness tests must be completed to the extent that meaningful test
results are obtained. Each system, subsystem, or component will| have
successful ly passed the construction test and gone through.a turnover
procedure prior to commencement of preoperational testing. In’ addlflon,

- Initial calibration of Instrumentation, and subsystem component: ‘functional -

Tesfs must be completed prlor,+o subsyetem"preoperatlona! testing. -
14, 1 2. SiacnuLIestjtggcmn

The objecflves of. the s+ar+up Tesf progran are to assure orderly, safe fuel
loadlng, low’ power testing and approach to full power testing; and to confirm
the ‘design bases and demonstrate, where pracflcal that the plant is capable
of. wlfhsfandlng the anflcipafed Translenfs and posfulafed achdenfs

The sfar+up Tesf program ‘begins w|+h fuel Ioading and ‘ends wl*h fhe of the

Pro ject Offlce accepting the CRBRP .from the. contractors based on saflsfacTory
evaluation of test results and correction or accepfable provision for
correc+lons of all Identified” deflclencles and .Incomplete items. This program
Is started only after concluslon of all preoperaflonal fesfs Thaf can be
performed w!fh no fuel in fhe reac*or. -

14.1-2
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The sfarfup fes* program Is composed of the followlng acllvllles'

Eugl_LQadlng_Igsis (Scheduled in Phase 3) - provide assurance of a safe,
orderly loading of the core, taking Info consideration the flrsf—of-a—klnd :
core, - the avallable nuclear lnsfrumenfaflon, and reacfor confrol

Eiggclilgal_Igsilng (Scheduled In Phase 3) - lncludes +hose tests from

initiation of core loading to criticality. These tests will assure that: +he
startup proceeds in a slow and orderly manner, that changes In reactivity will
be -continuously monitored, that operations personnel are aware of core
reacllvlfy state, and all systems are aligned and in proper operaflon.

LsuLfgugc_Igsilng (Scheduled In Phase 3) - lncludes those Tesfs between
critical ity and a 5 percent power level. These tests will confirm nuclear

-design parameters before nuclear heating and give confidence that the reactor -

power can be Increased. Nuclear instrumentation ulll be conflrmed at
lncreased power levels.

EngL_Asggnslgn_Igsiing (Scheduled in Phase 4) - Includes fhose tests at.

‘various power levels between 5 and 100 percent power. Confirmation of reactor.
and plant design parameters are obtained at progressively higher power levels,

each step giving confidence that the next higher power level can be safely
accommodafed

1413AdmLmLsicaLLQm_oLI§§LEmmm
This descrlpflon of - the administration of the test program applies To bolh the

-preoperational and startup phases. In planning and carrying out this program,

the guidel ines of -Regulatory Guide 1.68 will be used Insofar as they apply to
the LMFBR. This Includes all of the Guide except those portions of Appendices
A&C that are unique to |ight water reactors. Other regulatory guides will be
reviewed at the time detalled test instructions are belng developed to
establlsh which -guides have applicability to the program.

'-14 1.3.1 RESPONSIBILITIES
. The ProJecf Offlce (DOE) has overal | responslblllty for +he plant initial fesl

program. Portions of the program have been assligned to others as follows.

TVA Is assigned responslblllfy for conduct of the Preoperational and Sfarlup
Testing along with Its responsibility as plant operator. It also has
responsibility for review and approval of test speclflcaflons for preparaflon

“of test Instructions from the test specifications, for evaluation of adequacy

of operating.and emergency. Instructions during the test program, for on-site
approval of test results, and for recommending plant modifications as a result

- of deficlencies discovered during testing. As described in Section 14.2, the

TVA normal operating organization will be augmented during this test perlod
- The responsibil ity for performance of preoperaflonal tests will be assigned by
“14,1=3
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the plant manager :to a TVA -Preoperational - Tesf Section. - The responslblllfy
for performance of startup tests will be assigned to the plant fechnlcal sfaff
augmenfed by fechn!cal speclallsfs from TVA's cenfral offlce.

The PrOJec+ Office has respons!bill?y for review and approval of all aspec+s

of the test program Including scope, content, schedule, test speclficaflons,
test Instructions, -test results, and any planf modlflcaflons requlred as a-
resulf of fhe test program. v , :

Wesflnghouse ARD as Lead Reactor Manufacfurer (W—LRM) Is: asslgned L
responsibi| ity for preparation of technical aspects of the initial plant 1esf
program. In carrying out this assignment they will utilize the services of
The Reactor Manufacturers, W-ARD as Reactor Manufacturer (W-LRM), Generaf

- Electric (GE-RM), and Atomics International (Al-RM) and. coordinafe with- and .

utllize the Input of Burns and Roe -as -Architect Englineer (A-E). This: Includes
early planning of scope, schedule, and sequencing of the testing interfacing
the construction schedule. W-LRM is responsible for preparation of test
speciflcations, and for reviewing the test instructions and test results for
NSS systems under thelr cognizance. W-LRM Is responsible for design of planf

‘modlfications:required to thelr systems as a result of deficlencles discovered
.during the test program. W-LRM will assign on-site personnel: for fechnlcal

dlirection during the::test program.

Burns and Roe as Architect Englneer (A-E) is assigned responslbilify for
preparing test specifications, and for reviewing for technical adequacy: the
test instructions and test results of those BOP and NSS sysfems under thelr

‘congnizance. The-A<E is also responsible for design of any plant

modifications required to thelir systems as.a result of deficiencies dlscovered-
during ‘the test program., The A-E will asslgn on-site personnel for fechntcal

-dlrecflon of Tesfs to their systems. :

W-LRM and the A~E will esfabllsh on-site sfaff during the fesf and s+ar+up .
period for technlcal. dlrecflon of the Initial test and startup program.. This
technical direction will include supplying technical advice and Information to
operations personnel to assist them in making decisions. This staff will have
the capability to support the TVA plant staff in both operaflons and testing.

" Technical direction does not include supervlsion of operations personnel. ‘The -

responsibllity for safe operaflon of the plan+ rests with TVA as the plant
opera?or. : .

Sfone and‘Websfer Engineerlng-Corporaflon'as=fhe COnsfrucfor Is asslgned
responsibil ity to assist TVA as plant operator:.in assuring that all .
prerequisites are met before tests are started, for insertion of detal led
schedul.ing of . the test program into the plant construction. schedule, and for
assisting as required In repair or modiflca?ion of the plan+ as a resulf of

'deficlencles found In the test program.-

14.1.3.2 EL999du:g_Qnillng_Ecgngciilgn

' The Project Offlce has assigned fhe responsibility for preparation of test

specifications, operating, maintenance, and survelllance procedure outlines to -
Westinghouse as Lead Reactor Manufacturer and Burns and Roe as.
Archl?edféEnglneer, Using information

14.1-4 S ' Amend. 61
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from the A-E, GE; and Al, W-LRM will provide a current Test Segquence document

. tThat describes the initial test:program content and schedule. - This document

will be reviewed,and approved by The Project Office as a basls for further
detalled planning of the initlal test program. A Test Abstract document may
be prepared that provides a short description of each test and gives the

objectives for the test. A Test Network will be developed that shows the

schedule for.each test. These documents will be reviewed and approved by the
Project Office. SR - :

Using this planning information as a basis, W-LRM and the A-E will prepare
test specifications that describe each test requirement in considerable

detail. These specifications will describe prerequisites, test objectives,
general test methods, and acceptance criteria. Test specificaflons will be

‘reviewed and approved by the Project Office.

Using test specifications as a basis, TVA will prepére detaliled test

Instructions. Format and content of these test instructions will conform to
" the guidance given in Appendix C of Regulatory Guide 1.68. -Operating

Instructions will be available at the time these test instructions are
prepared, so.that the operating Instructions may be referenced in aligning
systems for testing. These detalled test Instructions will be revlewed and
approved by the Project Office and TVA.,

Final review and approval for use wlll be performed by TVA as the plant

.~opera+or.

Changes to Tes? lns?rucflons Thaf modlfy the objecflves, in+en+ or :
significantly change the method of test performance will receive the same " °
review as the Initial Instructions. Minor changes that do not modify the
objectives, Intent or significantly change the method of test performance may
be made by the testing organization and will be documen?ed and subsequenfly

‘reviewed as prevlously described

lEach test instruction will contajnba prerequisites section that will describe

In detall all prerequisites, including construction related, that must be

- satisfied before a test Is performed., Sign-off sheets will be provided with
-each Instruction to record verification that prerequisites are satisfled.-

Completion of this sign-off sheet wlll be. mandafory before sfarfing the fesf

14.1.3.3 Conduct of Tests

<

TVA as plant operator has béen aéslgned responsibility for conduct of
Preoperational and Startup Tests., .This Includes review and approval for use

- of all test specifications, preparation of test instructions from the test

specifications, performing all operator manipulations required under the plan+
operating |lcense, assuring that all test prerequisites are satisfied,
performance of detalls of the imstructions, and collection of .data for
approval of test results. TVA will be assisted In the performance of thls
responsibil ity by W-LRM and the A-E and any .necessary subcontractors ac+lng as
Technlcal direc*ors for +es+s under their cognlzance.

During +he conduc+ of the fesTs, plant operaflng and emergency Insfrucflons
will be tested wherever possible. This will help assure that '

14,15 Amend. 61
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.+he Instructions can be used to safely operate ‘the plant, and'provldes further
-assurance that the operator is familiar w|+h *he lnsfrucflons and fhoroughly
- +rained fo opera're the plan+

Tes* resulfs wlll be” compared fo accep?ance crlferla by +he on-slfe test
group. - Deficlencles will be immediately reported to the Project Offlce,

-W-LRM, and/or the A-E. .Each deficlency:will be evaluated by these

participants, and the appropriate corrective action specified, such as
retesting or Instruction change. These corrective actions will be reviewed
and approved by the Project Office and TVA as plant operafor. '

A detal Ied review of test results wtll be made by W-LRM or the A-E for tests

within thelr scope of responsibility. This detalled review will confirm the

technical adequacy of the system, component, or structure to operate in
accdrdance with design specIficaflons. ’ o

214.1.3.4 L&LELQQLQMQMM_LQ

Flgure 14 1~1 shows the schedule for each maJor phase of the Initial *esf
program: |t also shows the schedule for preparation of plant Instructions,
key milestones In staffing for operation, and augmen*aflon of the plan* staff
for lnlfial sfarfup test assistance,

"As shown on fhis schedule, all plan+ lnsfrucflons will be prepared before fuell

loading. Operating, maintenance, and survelllance test Instructions will be

started at about the same time as Initlal test !nsfrucflon preparaflon, and Is

scheduled for completion before fuel loading.

A smal | greup of key TVA operations personnel will be on-site about three
years before start of the preoperational test program. From this nucleus the -

on-site operations staff will increase in size at a sufficient rate to provide
adequate support for the preoperational test program. This schedule allows

sufficient time for. plant familiarization, and procedure review before testing

starts. As described In Section 13.2 and shown In Flgure 13.2-1, basic

nuclear courses for operators and speclalists training for technical personnel

as well as asslgnmenf to a sodlum cooled fast reactor will have preceeded this

‘period.

14.1.4 IES.LQBJECIJJLES_.QE_E[BSI_QE_AJ&LMLEBLNQIEALDESLQDLEEAIUBES

. "The following Test Abstracts are provided per US-NRC NUREG-75/087 - Section
‘14.1, Review Responsibilities Item 2 for special, ‘unique or First-of-a-Kind.

' *prlnclpal deslgn features lncluded in fhe CRBRP,

14.1.4.1 IN-VESSEL TRANSFER MACHINE

The only equlpmenf-of-fhe reactor refueling sysfem; which Is considered
first-of-a-kind and unique to the CRBRP, is the In-vessel iransfer machline

~(IVIM). The IVTM is installed in the reactor head during reacfor refuel ing

and 'is discussed- ln de?ail in Section 9.1 4.4.

14.1-6 Amend. 61
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In order to minimize preoperational testing. of reactor refuel ing system _
equipment at the CRBRP, the IVIM will be tested and checked out extensively at
the off-site test faclllfy (currently planned at ETEC).

The off-site fes?s are scheduled early in fhe program to.ensure correcfive
actions can be taken to qual ify the. IVTM for CRBRP service without
Jeopardizing the overall plant construction schedule should any IVTM.
deficliencies be uncovered.

The IVTM profofype will be tested ex*ensively to demonstrate +ha+ the IVTM
meets Its specification performance and design requirements. The complete and
Integrated IVTM assembly will be fes*ed, including the control console with
the mlnlcompufer. _ A

~ After the lVTM has been assembled at the test site, and the assembly has. been

checked out,. the IVIM will first be subjected to Individual and integrated
checkout fesfs. Following this, the IVT™ will be performance tested
slmulaflng core assembly transfers.

The tests will be performed in speclal test faclllfles.confalnlng a cluster of

1a+’léasf'seven simulated core assemblies. The cluster will be capable of
_ relatlve verf}cal and horizontal displacements and side |oads.

A. 1NQlMlDUAL_QHEQKQUI;IESIS

" The purpose of the . Individual checkout tests Is to verlfy fhaf the followtng

“ IVTM functions can be ‘performed:

61|
61 |

61 |

61|

1) Grapple and release of a Core Speclial Assembly (CSA). o

2) Ralse and lower a CSA to positions corresponding to those
'encounfered In the reactor vessel.

©3) Identify and orlent a CSA.

4) Provide adjacent CSA holddown when removlng a CSA from the CSA
 cluster. : ' . :

© '5) Provide cover gas con?ainmenf and seal Ieakégé_defecjlon
' capability.

~ Speclfic tests wlll”lnélude‘fhe fol lowing:

1) 'Callbra?lon and checkout of all IVTM interlocks, load cells, and the
entire load confrol system. - '

- 2) Veriflcation of all funcflons of the core assembly identification
- system. :

| 3) Checkout of the grapple and holddown sleeve drive systems Includlng
removal of an artificially Jammed core speclal assembly.
 1ae
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4) Calibration and’ checkouf of fhe grapple and holddown sleeve posiflon
-~ Indlcation: sysfems.f o

5) Verlflcaf!on of the seal | eakage monlforlng and The seal
‘ 'pressurlzafion confrol sysfems.e- o

The purpose of fhese tests ls To prove that the IVTM meefs the followlng

: obJecflvesz

"1) The IVTM can perform #he sequence of functions Iisted in Section A
which are required to transfer a core assembly In accordance with
giyen operating prof[les when using compufer andlmanual controls,. .

" 2) " Insertion and removal of core assembly Irto and from the core can be
‘accomplished under maximum misal ignment in comblnaflon with maximum
core assembly push and pu|| loads.

~:3) 'Release of core assembly lnfo an lncorrecf core position Is prevenfed.

4) Release of a core assembly into a transfer pos!?lon In the absence of
a core component pot cannot be accompllshed.

5) Premature release of a core assembly during operation over the. core 1Is
- prevented when the core assembly Is at a vertical position higher Than
‘a. small tolerance above fhe ful ly seated position.

C. PERFQRMANCE TESTS

These tests are designed to simulate reactor refuellng operations equlvalenf A
to at least five refueling periods.

The tests will be performed with a cluster of seven core special assemblies.
The core special assembly cluster will be offset in

relation to the IVIM to simulate core assembly Insertion and removal under
misal Igned condlitions. Integrated operations of the IVTM, control console,
and computer will perform simulated actual refuel ing operafions. The major
test objective Is to demonstrate that all IVIM components, especial ly dynamic
seals, will perform for a minimum of one refueling cycle. The test goal for -
all mechanical components of the IVTM (excluding elastomeric seals) Is to
demonstrate operation without fallure. Post-test inspection of the mechanical

components will establish the acceptabll ity of component wear.

The fol lowing resul+s will be obtalned from these tests:

1) ~ Wear data of dynamic seals.
2) Wear data of mechanical components.
14.1-8
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3) Establlish transfer cycle. speeds fqr”aqtbmatjc-and_manual operation.

~ 4)  Wear data of core éssembinj@éh%ifICaflongﬁawI,

5) Any operational llmifa?fons.

6) Any deficiencles In the operaflng componenfs and/or n +he deslgn.
N 'Verlfy the compufer confrol of +he fuel *ransfer cycle.

85“:Verlflcaflon of “the core assembly ldenflflca?lon system wlfh respecf
- 1o wear data obtained in Item 4. _above. - _

) 9): Yer}flca+lon of checkout and_operaflonal'prqgedures,

Those IVTM operations which are not simulated. in the special test faél[lfles

"will be performed after IVTM installation, adjustments, and checkout at the

CRBRP reactor smal | ro+a+!ng plug prior.to fuel - Ioadlng. These tests will
include: ' '

N Insertion and removal of core special assemblles into and out of a
o .Core Component Pot (CCP), and Transfer of fhose assembl ies. befween
selected core addresses. : :

. 2)’ Infegrafed operaflonal Tesfs of fhe IVTM wlfh fhe reactor. rofafing
plugs (RRP) .

‘_3)._|n+egrafed tests of the IVTM to demonstrate design profecfion agalnst
of f~normal operaflons to confirm accldent analysis assumptions.

4) 'lnfegra*ed 6peha*ional tests of fhe IVTM and interfacing reactor
refuel ing system equipment to assure joint operability.

Before the IVIM Is installed on the small rotating plug for the first time,
and after that, each year before refueling, all IVIM functions required for

‘transfer: wil |l be checked out In the dry IVTM malnfenance and storage facility.

14142W L "

Prototype Pump Tesfs 4 : S

A. Prototype Pump Water Tests at Suppller's Facllity
The objectives of water testing iIs to make final trim to the impeller and
verify that the hydrauliic performance of the pump meets the specification

requirements regarding head and flow relationship, Net- PoslTlve Suction
Head requirements,

14.1-9 : ~ Amend. 61
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- and to verify:coast down head of flow versus time, bubbler performance

(level control), capabil ity to operate for a sustalned endurance period,

~and operation at a I'cop ‘Impedance comparable to 2 loop plant operations

(Runout to 41,000 gpm).

Funcflons whlch will be fesfed are:

1.

2.

Heaf versus flow for plan* loop lmpedance wlfh speed as ?he varlable.

Head versus flow for cons?anf speed with variable lmpedance for
several different speeds. Check for hydraullc lnsfabill+les as
reflecfed In slope of H-Q curves.

Net Positive Suction requlremen*s will be checked by reducing cover
gas pressure while operating at rated speed and head and flow untll
degradation of performance or excessive vibration is detected.

‘Coast 'down head and flow Versus time wlll be checked.

" Level control of pump Internal fluid will be checked by varying +he

cover gas supply at the pump and monitoring pump fluid level.

_Pump Aux]1iary performance (Shaft Seal Lubrlcaflon) will be evaluated .
by measurlng seal leak rates during fhe susfalned endurance run, o

Pump hydraul ic performance (head=-f1ow) will be monitored for

- stability, ‘and vibration levels of the pump will be monifored durlng

the sfeady state endurance runs.

oPump vlbraflon wlll be monitored durlng sfar?up and. coasf down +es+s.

In addition to the wafer tests of the prototype pump, a scale mode! pump
i's befng. Tesfed.

Prototype Pump Sodium Tests at the Sodium Pump Test
The overall objecflve of Pro*ofype Pump Testing Is to prove\capabllify of

the pump to del iver 10009F sodium at the head and flow conditions
specified for the test, and to verify that fluid borne temperature

- fransients up to the limit of the test faclllfy do not cause malfuncflon -

(bearing selzure).

14.1-10
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1.

: Speciflc objectives are:

Demonsfrafe fhaf *he pump Is mechanlcally & hydraulically s+able when
operated through -it¥s full design speed and flow range and to verify .-
hydrostatic: bearlng performance :In the: sodium envlronmenf

Determine pump hydraulic characferlsflcs (head-flow map and
efflclency) In sodjum,

Demonstrate that high~-temperature, and the:associated structural ‘
temperature gradients do not degrade mechanical operaflon or hydraulic
performance. : : , .

Demonsfrafe that the pump and pump auxlllarles are capable of

.- sustalned operation while pumping llquld sodium at variable flows and

. speeds.

10.

1.

2.

‘Demonstrate ‘pump pony motor operation; verify hydrostatic bearing

performance In sodium at pony motor speed, demonstrate pony motor

- developed head at near shut-off, measure head-flow characteristics at

different pony motor speeds and different hydraul ic loop Impedances.

Determine any deleterious s+ruc+ural distortion caused by convection:
in the gas spaces. . , :

'Demonsfrafe abil ity of fhe pump to withstand sodium fluid +empera+ure:

transients which simulate predlc+ed plant operaflng and upse*
transients, :

. Demonstrate capablllfy of the standpipe-bubbier to malntaln adequate

sodium level in the pump durlng s?eady-sfafe and operaflng (speed and
flow) franslenfs. :

Verify the pump drlve response characferlsflcs with fhe pump operaflng'
in sodium with loop Impedance simulating the plan+

Demonstrate flow coastdown characteristics (head, flow, speed) from -

‘maximum facility flow and from pony motor speed and correlate to

simllar measurements made in water tests. 'Determine _pump and motor
compl.lance with rotating kinetic energy: requlremenfs per :

- E~-Specification 22A3444, Table 3.3.1.

Measure_compljancevwlfh Net Poslfive Suctlion Head (NPSH) requlremenfs.

Verify lnsfrumenf Operation, and Malnfenance (10M) Manual precedures_
for checkout of assembly, - operation, dlsassembly, malnfenance, and
!nspecf!on of pump and auxlllarles. :

14.1-11
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13,
4.
15.

6.

17.

18.

19,

Demonstrate the CRBRP prototype flow confroller operatoln wi+hk+hev
Drlve System and +he CRBRP Permanenf Magne* (PM) flowmefer.

Verlfy that esfablished ra+e of- dry pump preheaf ls saf!sfacfory (as
Indicated -by tank :and internal femperature gradients).

Determine hydraul Ic. impedance of the pump to low magnlfude forward

flow of sodium through the pump rotor. -
Conflrm performance of #he'Shaff-SeaI'regardlng leak*rafes.

Verlfy suifabllify of fhe pump for subsequen+ usé In sodlum after

" Component Handllng and Cleanlng FaclllTy (CHCF) cleanlng operaflons;_

Evaluafe whefher sodtum mlgraflon upward or oll- mlgraflon downward is
a concern with the purge of gas feed, labyrinth, and shaft seal
arrangement.,

.Defermlne whether gas Injection at the Intermediate Heat Exchanger
(IHX) return nozzle causes adverse effects on pump sodium level

stability or if slug pumping occurs.at the bubbler; and to measure
sodlum carryover from the bubbler ?o *he gas: sys?em.

C E1JnEmﬂlsgggndarx.sgdlum_Eumuﬁ

‘Construction- and Preopera*lonal Tes?s (No Sod1um)

1.

Pump Cover (Canopy) Seal Leakage Tests

- The test will be accomplished by Injecting helium Into the canopy

volume and monltoring the Inside of the pump for the evidence of .
leakage by means of a hel ium detector. The test will prove the
adequacy of the seal between the Upper Inner Structure and the fank,
l«8., NO cover gas leakage into the fac!li?y

Elec+ric Power Phaslng Check

-Thls +es? is a check of power phasing wlrlng from +he MG Se+ to the

drive motor. - Since high voltages are involved, it will be

accompl Ished with substitute reduced voltages, and commercial phase :

meters, and verified later by observaflon of direction of- rofaflon
durlng s+ar+up fesfs.

Pump Motor Runouf Measuremen?s

' The Infenf of the test is to verify that the pump and mo+or rofafing

elements are aligned. The objecflve is to
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verify that Installed runouf is within’ speclflcaflons and to obfaln
cold (no sodium) shaft +orque measurements as a reference value.
Commercial runout measurement lnsfrumenfa*lon Is used.

Verlfy Operaflon of the Shaff Seal Lube Sysfem

The Intent of fhis test Is to check’ ou+ the automatic acflvaflon of
oil Transfer pumps, verify pressurization of tanks, 1o verify. fube
lines are filled and flow Is achieved, and to verify the leak .

uflghfness of the lubrication system. "It is accomplished with the -

instrument panel whlch Is a part of the Seal Lube Sysfem along with

.-some ac?iva*lon procedures and operafor acflon in dralnlng and filling

+anks.

-.Preheaf Monitoring -

The obJec+Ive of this acflvlfy Is to verlfy that fhe pump heat-up: rate
does not exceed the speclfied rate (to prevent applying thermal ly

Induced over-stressing) and that temperature gradients throughout the

pump do not exceed manufacturers |imits,

Verify shaft free rotation before and after preheaf

'Level Monl*orlng During Plan+ Sodium Fil1

The Intent of this task is ?o verlfy that lnfernal fluid level sensors
detect rising sodium and that the pump tank/Upper Inner Structure
maintains leak tightness, and that pump gas flow Is maintalned.

Plant Preoperational Tests (Coolant Inplace)

1.

Pony Motor Sodium Circulation Run

. The objectives of this test are:

a. Verify that The shaff ‘seal lubrication system functions properly
In automatic actuation of oll #ransfer pumps, oil leak rate, seal
heat exchanger operation, and seal Insfrumenfaflon.

b. Verify that sodium level varlaflons ‘are defecfed by the Induc*lve
level probes.

c. Verlfy that the sodfum level control (purge gas and sfandplpe
bubbler) system Is performing properly:

d. Verify that pump diagnostic Instrumentation through the Reactor
Heat Transport Instrumentation System readout equipment is

performing properly.

14.1-13 ~ Amend. 61
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e. Verify Tha* fhe pump* rofaflng assembly operafes saflsfac+orily
with respecf *o vlbrafion at ‘pony mofor speed._.pp. :

f. Verify pony mofor opera?lon (ylbraflen,Ifemperature,Ae?c.)._ 

_g.',Ver[fy shaft seal ofl leakage rates areiw]fnin specification,

h.:1Verify pump head and flow pef?brmance af'pony“mbfef speed; .

. ,Check pump pony motor performance when elecfrlcal supply goes to

emergency.

Je Provlde sodlum clrcula#lon for sodlum purlflcaflon or ofher planf
checkou+

These tests will be accompl Ished with several sources of lnforma?lon :
from the shaft seal lubrication system. Instrument panel, from the

- Reactor Heat Transport Instrumentation Sys?em for - sodium . level
* Instruments, shaft position indicators, and vibration measuremenfs,
and-from plant loop Ins+rumen+a+lon for developed head and flow.

Pump Speed Confrol Run |

The intent of fhls fesf Is to verify pump operaf!ons with’ fhe ma!n
drive motor, to verify pony motor clutch engagemen+ and - to operate . -
The Ioop af hlgher fhan pony motor flows for .other Ioop acflvlfles.

dThe obJecflve Is +o., .

a. 'Verlfy head/flow as function of speed. Verify shaft seal and
. lubrication system performance (automatic lube transfer, lube
| eakage rate, heat exchanger performance, lnsfrumenfaflon) at all
main mofor speeds, .

b. Verify sodium flow rate changes reallzed-from-loop flow'command.

c.. Verify sodium level behavlor with speed changes and pump trips.

d.( Verlfy that pump rofaflng assembly operafes saflsfacforily
gregardlng vlbraflon. ' .

e.: Verlfy coasfdown (head,»flon; time) folloulng:a frlp;

f.. Verlfy.prpper engagemenf-ofsfhe pony motor clutch, -
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g. Verify mofor and motor auxillaries are. performlng properly with
‘ respec+ to ?emperafure and Ilnlng Iubrlca?lon.

he Verify that shaft seal Iubrlcaflon at 100% speed ls saflsfacfory

as indlcafed by leak- raTe and au+oma+ed Iube oil fransfer.v
Mulf[pump Tesfs (coolanf !nplace, no fuel, bu* wl*h a dummy core)

The Intent of these tests Is to verify +ha+ mulflple loop operation
can be satisfactorily achieved by the control . system and pumps as
indicated by response to speed command, flow command, and frip.

Verify that the Indlvidual loops are stable, (monitored flow
corresponds to flow command) and that hunting does not exist.
Determine coastdown characteristics (Head & Flow versus time)
following trip. Verify that pressure pulsations from single and
comb!ned pumps do not creafe any undeslrable vibrations in the sysfem.

The obJecflve Is to:
a. ‘Test the pumps in all expected modes of plant operation.

b. Verify loop flow stability (hunting).

¢, Verlfy Pump.coasfdown'(heéd, flow time) fol lowing a trip.

Seal Cartridge Replacement Val idation

‘This feé_f consists of rep"l acing a shaft seal from a shutdown pump

which has been In the operating plant sodium loop. The Intent is to

~verify procedures and equipment used for seal replacement, and is a

val idation run where a plant operating environment will require
personnel to adhere to the precautions necessary for operating a hot
(temperature) system and replacing a critical seal whose life Is as
such as to require annual replacemenf. S

The obJecflve Is to:

Val idate the procedures of replaclng a shaf+ seal with loop sodium in
place. Demonstrate:

A

a. Purge.

b. Sodlum level conirol.

Ce. Carffidge repl acement,
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d. Pos+ Ins*allaflon checkouf

e. Resforaflon of pump to servlce.

iThls procedure will be’ accompllshed uslng speclal handllng +ools and

by either draining the sodium for the pump or by.special loop
procedures to prevent sodium level from reaching the vicinity of the
shaft seal (pressurization, etc.).

»PonyoMo?or Plan¥§0pera+10nal Test (Fuel In Place)

 The Intent of this +es+ Is to verify fhaf the pony motor operations

yields:- +he proper coolanf flow for decay hea+ removal requlremenfs.

.'The obJecfive Is f0°

a. Verlfy +haf pony mofor pumplng flow rate Is adequa+e for reactor
decay heat removal.

b. Verlty Ieak flghfness In pump pit as Indicated by radiation
- sensors (prlmary only). .

c. Verify fha1 femperafure gradlenfs ln the tank s+ruc+ure resulting
-~ from pony motor ON or OFF (flow transients) or reactor temperature
changes do no? adversely effec+ pump. performance.

These tests will be accompl Ished using plant radlaflon sensors, and

the ‘Reactor Heat Transport Instrumentation system and the ‘Plant Data
~ Handl'ing and Display System for dlagnostic lnforma?ion, and Plant
'Confrol Sysfem for confrol.:,

"Maln Mofor Plant Operaflonal Tes* (Single & Mul i Loop Operation)

The. Infen+ of this test Is fo verify that the pump will perform
satisfactorily for the planf over the full range of head- flow
conditions. , :

The'objec+IveS'are'To: _

a. Verify pump performance at the several plan? sod!um
_flow/?emperafure, conditions.

b. Verify leak tightness In pump pit as lndlcafed by radiation
sensors,

c. Provide sodium flow In support of ofher sysfems.
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14.1.4.3  SECONDARY CONTROL ROD DRIVE

The‘Secondary Control Rod satisfies fhe'requlremeh+ to provide. plant

protectlon system shutdown capability whlch Is bo?h redundant and diverse from
.the Primary Control Rod Sys?em. :

Prior tfo lnslallaflon of plant units there wlll be extensive tests conducfed
on components and prototypes. Tests to be conducted on- componenfs and

.Damper '

prototypes are as fol lows.

‘Latch

-Coll Cord

‘Position Indication
: Control Rod Flow Test
Latch Seal

: Noseplece Flow

Prototype Tests

Argon Control Sysfem

Latch Scram

Latch Real Time

System Teefs

14.1-17
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- Water Test-to 180°F

Sodium: test +o 1000°F to 1125
cycles on 1 unit

Alr Tes+ 1000 cycles of 6 units

Accuracy +es+s plus long +erm
sfablllfy :

- Test in water to 180°F to
defermlne flow spllfs

-Tesf in wafer to 180°F fo
determine pressure drops

Test In water to 180% +o
determine pressure drops

Fullsscale“pfofofype tests ln :
l1quid sodium 400°F to 1000°F to
check scram time measurements

Cycle over the range of
temperature-expected In plant

]

ivAccumula?lon of scram cycles ln N
-~ 1000°F sodlum - :

Accumulafe long term’ holds (1 yr.)

In 1000°F sodlum

Tes+ full scale profolypes In
| iquid sodium 400°F o 1000°F

. accumul ate scram to measure scram

times after short and long terms:
holds
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- Pneumatic Valve/Cyl. . = Tesf ?he scram: cylinder under
: S s ""femperafure and pressures expecfed.
-in planf ' .
Bel lows - . . Test! +he drlvel!ng bellows under

~ sodlum. vapor..environments at
temperatures’ (4000F - 600°F)
expected In plant service

Testing on the secondary control rod drive units will be performed under plant
~ start-up conditions to assure that the iIntegrity of the plant units have not
_been violated during shipment, handling and Installation; to verify that

proper Installation has been made; and that performance is not adversely

affected by fabrication +olerance bufld-up or by vessel expansion or ofher
thermal effects. : :

Initialkly, the. houslng-*o—vessel -nozzle seal wlll be checked for +lgh*ness and
the position Indicator system will be tested to assure proper functioning and
to verify accuracy of rod position indication. Interface conditions will be
measured. to ensure that inputs to the secondary control rod drives are of a

~ magnitude requlred to provlde adequa're secondary confrol rod response.

Under planf operaflng condlfions, a serles of scram fesfs wlll be lnlflafed to
verify scram time and repeatabillity, and successful withdrawal and latching
functions, . Fallures, defined as deviation from specification performance
values, or Inabllity to perform the scram or latching functions on command,
will requlre removal of the seécondary control rod unlt, disassembly, analysis
of the fallure and defining of corrective action. The test series will be.
repeated using-a modifled secondary control rod plant unit.

14.1.4.4 ﬂEEEB_lNIEBNALS;SIBUQIUBE_AND_UEEEB_lNIEBNALS_SIBUQIUBE

Accepfance of fhe Upper ln*ernals Structure (UIS) and Upper Internals
Structure Jacking Mechanism (UISIM) as a first-of-a-kind design. feature for
'CRBRP will be made .on the basis. of scale model testing, operational testing in
the vendor's facility and verification of design characteristics durlng the
CRBRP Consfrucfion and Preoperaflonal and S+arfup Testing.

Scale model wafer fesflng will be performed to ‘confirm the fhermal/hydraullc
and.vibration adequacy of the UIS and other outlet plenum structures. "Fiow
distribution, pressure drop, -and. ‘temperature distribution test data will be
compared with thermal and hydraulic deslign criteria for the outlet plenum.
Both steady state and transient tests will be performed, Typical outlet
plenum structures will be dynamically tested to verlfy that there will not be
adverse vlibration during operaflon.

Prior fo opera+lon durlng fhe CRBRP Preoperational and Sfarfup Test Program,
Afhe UlSJM wlll be +esfed as follows. Operation of the UISJM
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control system will be verified lndependenf of ?he Jacklng ‘mechanism.
Feedback signals which in normal operation come form strain gauge load .
sensors, position sensors and |imit switches on jacking mechanisms will be
electrically simulated into:the control system. The jacking mechanism vendor.
will verify. satisfactory" operation of the motor,:gear and jack for each ,
Jacking mechanism Independent of -the UISJM control  system. Finally, testing
wlll be peformed at the UIS vendor to-verify that the upper 1n*ernal sfrucfure
in combination with. the four jacking mechanisms: and the

Jacking mechanism control. system can operate 1n such a manner as to meet the:
overall system functional requirements, During the installation at the Site,
assembly will be checked and al ignment verifled as part of the CRBRP
Construction Test Program. Over*ravel limit swlfches will be set during ;
installation. .

- The UISJM seallng arrangemenf will be- fesfed, as- follows. Prlor to UISIM -

fabrication, seal leak testing will be conducted on a prototypic seal which
Includes the buffer O-ring seals and piston rings. Fabrication seal tests:
will also be performed by the UISJM fabricator. A final .leak check of the ..
seals will be performed as part of fhe CRBRP Consfrucflon Tes+ Program after
Insfallaflon at the site. o

The operablllfy of fhe four mechanical Jacking sysfems will be verified In
conjunction with the fuel handling operations which will be performed durlng

fhe CRBRP Preoperaflon and Sfarfup and Test Program,.

Test Phase 1 - Fuel Handllng Sysfem Operaflon Check In Air -

Tesf Phase 2 = Fuel. Handl Ing Sysfem Operaflon Check -in Sodlum
and Installation of Two Speclal Core Asemblles

Tes+ Phase 3 - a. Removal of Speclal Core Assemblles for

lnspecflon
b; Inlflal Fuel Loadlng
The vIbraflonal behavior of the UIS will be- measured durlng Phase 2 System

Operational Tests with sodium flowing through Core Special Assemblles at pony
motor flow to 100% and at temperatures of 400°F to 600°F. Significant flow

Induced lateral, vertical, and torsional sfrucfural vlbraflons will be

measured by acceleromefers Iocafed on fhe UIS.

Steady s?afe femperafure boundary condl?lons of the UIS will be measured using

_design verification thermocouples during Phase 4 testing. The temperature -
data obtained will be used to verlfy predlcfed ?emperafure values used in fhe

sfrucfural analysls of +he UIS.

14.1.4.5 QBBRE_lNEEBMEDlAIE_HEAI_EXQHANGEB

A. KEY FEATURE TESTING

The deslgn for the Intermediate Heat Exchanger (IHX) Is based upon vendor:
tests conflrmatory of design analyses. These vendor tests were key feature

tests. Four specific tests were performed: (1) 30.Degree

‘ ' ~ Amend. 61
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Model,
1)

2)

3)

4)

(2) 360 Degree Model, A3) Infermedlafe Flow Tes* and (4).Bellows Tes+

The 30. Degree Model fesf was. peformed +o evaluafe fhe shell slde flow
characteristics and. the possibil ity of tube vibration over the. range .
‘of IHX operation.- This test was an Isothermal test on a 30 degree, 20

- ft. full scale segmen+ of: the tube bundle involving no heat iransfer.
- and using water as the testing medium. The results of the test showed

the flow paths of the shell side fluld. were as predicted. analyflcally

- and that there.was no tube vlbraflon, fherefore, conflrmlng analysls
" of the tube bundle.- i v

~The-360 Degree Model test was performed to assure that there was
uniform flow distribution in the inlet region to the tube bundle.
This test was on a 0.3 scale model of the primary inlet plenum of the
IHX, including the Inlet piping configuration, using water as the
‘testing medium. The results of this test provided the data for .
designing the ‘inlet baffling to Insure balanced flow. dis+rlbuflon to. -
+he bundle regIon from 7- 1/2% to 100% flow.

The Infermedla?e Flow Tesf was performed to evalua*e the flow
distribution at the Intermediate inlet to the tube bundie. This +esf

- using.a 0.304 scale model and water as the testing medium, was

~designed. speclflcally to .evaluate the Intermediate lower (inlet)
plenum flow distribution. -The results of this test provided the- data.
for designing the baffling to Insure balanced flow distribution to the

-tubes at all flow rates.

The Bel lows Test was performed to assure that the bel lows on the. _
downcomer. would survive the .design load cycling without fallure. This
test was a fatigue test which proved the adequacy of the bellows to at
least 4 plant I'ifetimes without fallure with a predicted capability to
withstand approximately 100 plant |ifetimes. A squirm test was also
performed which assured the structural adequacy of the expansion
members with respecf to stabil ity to approximately 2.7 times design
pressure.

The resulfs of +he above fesflng conflrms the |HX design adequacy.

B. .EBEQEEBAIlQNAL_&_SIABIUE_IESIJNQ

]

As an Infegral part of other plant fesfing and plant power operaflon, data
‘will be gathered to verify the thermal performance -and In+ermedla+e -side .
pressure drop characferlsflcs of fhe IHX : .

The fhermal performance wlll be evaluafed by measurlng the power. fransferred
(Q) and the log mean temperature difference (LMID) and comparing that with the
predicted heat transfer coefficient. (UA) 'using UA = Q/LMTD.A The .Intermediate
side: pressure drop characferlsflcs can be
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the intermediate pump discharge and at the Intermediate IHX outlet. This
measurement, when calculated piping pressure losses between the pressure taps
are deleted, will be .evaluated agalnsf vendor estimates of the Intermediate
side pressure drop

The 1HX leak +lgh+ness and Isolation of the primary system from the

intermediate system will be demonstrated during the evacuation prior to
initial sodium fill and in the sodium Inventory observations during Phase 2
testing. _

14.1.4.6 SIEAM-_GENEBAIQR_MQ_ULE
A. EEATURE TESTING

The design of the Steam Generator will be supported by several *esf programs
designed to verify assumptions and provide quantitatlive data fo conflrm the .
adequacy of. design analyses.

These tests include (1) the Hydraul ic Test Model (HTM), (2) Large Leak Tests
(LLT), (3) Few Tube Tests (FTT), (4) DNB tests. (departure from nucleate
boiling), (5) tube support wear tests, (6) material mechanical properties
tests. (7) Modular Steam Generator Tests, (8) Single Tube. Performance,

Stabil ity -and Interaction Tests, (9) Tube to Tubesheet Weld Tests, (10) Scale
Hydraul ic Model Feature Tests, (11) Prototype Steam Generator Tests, and (12)
Flow lnduced Vlbraflon Tesfs. See PSAR Section 5.5.3.1.5 for.a descripflon of
these ?esfs.

B. PREOPERATIONAL AND STARTUP TESTING

A series of tests will be performed on the steam generator modules after they
are installed at the site. These tests will be designed to show that the

steam generators are properly Installed, that they meet all the requirements
for safe operation, and that they meet the expected performance requlirements.

1. Pre-Operational Tests
Thé'poslfion and al ignment of each module will be checked after It is

installed. The module will be checked for leak tightness on both the tube
side and the shell side before the sodium and water systems are filled.

The water side will be filled first and pressure tested In conjunction
with the entire loop (the shell side of the steam generator module will be
pressure tested prior Yo installation). System tests of the water side
will provide data on pressure loss vs. flow rate through the module at

temperatures up to 400°F. Operability of the module Isolation valves and
water dump and blowdown subsystem will be tested before the sodium side Is
fllled

After all of the IHTS and SGS components are heated to 400°F, +he sodium
side of the steam generator modules will be filled. System testing of the
IHTS will provide data on pressure loss vs. flow rate through the shell
side of the steam generator modules.

14.1-21
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' Sfarfup Tesfs

W»Th +the reac+or opera#ing, ‘heat transfer and hydraullc performance data
‘wlll be obtalned at several power levels from zero power to 100 of rated -
power. . These data will be used to verify the heat transfer capablility and
_pressure loss calculafions. ‘System s+abili+y under transient conditlions

will be used to verlfy the heat transfer capabillfy and pressure |oss
calculations. : System stabllity under transient conditions will be
demonstrated by changing power levels at the maximum planned rate.

Data will be acquired through Flow Induced Vibration (FIV) instrumentation

externally mounted on a superheater and thermal performance In

instrumentation: builf Into an evaporafor (see section 5.5.3.1.5.1 (K) ahd *

(M))
The obJecfives of fhese tests are to:
a) Demons+ra+e sfeam generator performance

b) vDeTermIne the- overal | heat transfer coefficlent and module pressure
Iosses“af rafed power and operaflng condlflons.

'c)fiDemons*rafe Table operaflon af low power levels. '

'd}fJDemonsfrafe sfable opera+lon at +he maximum- planried rafe of- change I'n

power level.

e) Demonstrate the absence of damaging flow Induced vibrations.

14.1-22
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SCHEDULE FOR INITIAL TEST AND OPERATION
(MONTHS + CRITICALITY)
A -105. -93 -81 -69 -57 -45  -33 -21 -9 | 3 #15  +27
’Staffing . ' ‘ :

Key TVA Staff On-Site =~ o | 'V |
© Bulk of Operating Staff On-Site -~ - , - | v | :
_.Rreop*Test Crew»Augmentationi * | .
_ Stahtup:Test Augmentation - } i 1

RW/AE Technical Direction b | ,
TestfPrqgram |

Preoperational- Tests

0% el Te v, _ o o o o : — : o
1 Startup Tests = - o . . ' | B

e

|Procedure Preparation }
~Test Plans and Specifications o - Y l‘ .
Operating Procedure Outlines = :
Test Instructions ' |
{. Operating Instructions (Norm. & Emergency) ' —— '
Surveillance Test Instructions o | e ]
Maintenance Instructions g —

Figure 14.1-1
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 SCHEDULE FOR INITIAL TEST AND ORERATION

IREERNCRR

84," 85 {

yl

Operating Procedures (Norm. & Emergency).' -

!

‘Surveillance Test Procedures

w

Staffing |
Key TVA Staff On-Site v | l
Bulk of Operating Staff On-Site - \ |
Preop Test Crew Augmentation : - : —0 o
Startup Test Augmentation o1 —
RM/AE Technical Direction >~ : -
Test Program : ‘
Preoperational Tests ‘ . i
Startup Tests | | .f'—’
Procedure Preparation | : |
Test Plans and Specifications O T Y ;_lg ,
Test Procedures ,' f', :3 _
'S
[
4
|
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Maintenance Procedures
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TVA's normal plan+ operaflng sfaff as.. descrlbed ln Sec?lon 13 1.2, w1 be

~augmented during the Inltial test and startup. perlod. "This.augmentation will.

provide the operating s*aff with sufficient manpower to safely and effectively
conduct the test program, as well as perform Those operaflons funcflons C
required. durlng plant sfarfup. - : KR

The schedule for provldlng 1hese addlflonal personnel for augmenfaflon Is
shown In Figure 14.1-1. Regulatory Guide 1.58 and ANS! Standard N45-2.6-1978 -
will be used as a guide in developing qual ifications of augmenting personnel.
The nucleus of fhe operational testing staff will have had previous experlence -
In testing TVA's |ight water nuclear planfs. ' :

The augmenting personnel descrlbed below are In addl?lon ta those provlded by
W-LRM and the A-E for fechnlcal dlrecflon as: descrlbed prevlously in: 14 131,

During the preoperaflonal Tesflng phase fhe TVA planf opera?lng staff will be
augmented with-a Preoperational Test Secflon. This section is an on~site
group of TVA employees of the Division of Nuclear Power with the
responsibility for the preoperational test program consisting of reviewing

" test specifications, writing test Instructions, assuring that prerequisites

are satisfied, conducting the tests, evaluating the test results, and

-malntaining necessary records.of -those tests which demonstrate the functional

performance and readiness of the various systems, This section Is under the

~direct supervision of the Preoperational Test Program Coordinator who reports

to the Plant Manager on functional. activities, and the Assistant Director of
Nuclear Power (Operations), of the Division of Nuclear Power, on
administrative activities. o : :

'Durfng the sfar1up‘+estlng_phase the planff?echnlcalvsfaff will be augmented

by technical personnel from TVA's Division of Nuclear Power. Thls Includes
technical support In nuclear, mechanical, chemical, instrumentation, computer,

- and general engineering. These technlcal support personnel will be under the

functlional supervision of the plant management, and admlnlsfraflve supervlston
of TVA'!s Dlvlslon of Nuclear Power cenfral offlce...j,*

4oy - ~ Amend. 61
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15.0 ACCIDENT ANALYSES

15.1 Introduction

15.1.1 Des1qn Apnroach to Safety

‘The safety approach for the CRBRP is developed upon three levels of
design,. a defense-in-depth approach which places the highest importance on

‘achieving safety for the public and plant staff. The three levels of design,

the basic differences from the approach used with Tight water reactor plants,
and supporting reliability eng1neer1nq are described in the section.

The three levels of design emphasize, respectively, qua11ty of design,
protection against the consequence of malfunctions, and design features to pro-

‘tect against extremely unlikely faults. In addition, this. des1gn incorporates -

additional features giving assurance of public: protectwon even in the event
of an accident beyond the design basis.

‘The CRBRP design safety approach is consistent with the three 1evels
of safety concept used by the USNRC to evaluate the adequacy, for 11cens1ng
purposes, of nuc]ear power reactors

The first Tevel focuses on the reliability of operation and prevention
of accidents through the intrinsic features of the design, construction, and
operation of the plant, including quality assurance, redundancy, testability,
maintainability, and failsafe features of the components and systems of the

_ent1re plant.

The second level focuses on the protection against "Anticipated Faults"
and "Unlikely Faults" which might occur despite the care taken .in design, con-
struction, and.operation of the plant set forth in level one above. This pro-

tection will ensure that the plant 1s placed in a safe condition following one
of these faults

’ Amend. 41
15.1-1 3 Oct. 1977
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The third level focuses pr1mar11y on the detarm]nat1nn of. events
to be classified as "Extremely Unlikely Faults” and their inelusien in the
design basis. - These faults are of low probability and po such events are

_expected to occur during the plant 1ifetime, Even though they.represent

extremely unlikely cases of failures, they will be ana1y2@d to establish
conservative design bases. In"addition to these three levels of design,
the CRBRP has included structural and thermal margins for accidents wh1ch
are beyond the de51gn base (see Section 15, 1) 4 :

E  Amend. 60
15.1-2 Feb. 1981




_15.1.].1"Fjrst Level of Design -~ Inherent and Basic Design Characteristics

, An important safety consideration in any reactbr is the ability to
remove heat from the fuel sufficiently rapidly that the fuel elements do not

~ overheat under any- operating or accident conditions. Sodium is an excellent
coolant because its favorable combination of viscosity, conductivity, vapor

pressure.and specific heat provide an.excellent intrinsic capability to remove

heat. In addition, a sodium-cooled reactor such as the CRBRP operates hundreds
~of degrees below the boiling point of the coolant. Therefore, the reactor
‘coolants need not be pressurized, the sodium surface above the reactor is at.

essentially ambient pressure and the pressure exerted on the coolant system

~boundaries of the plant is only that of the pump head required to force coolant

through the reactor. For these reasons, the sodium-cooled reactor has very
little stored énergy in the cooglant; an outstanding advantage compared with

* systems which operate above the ambient vapor pressure of the fluid at opera-

ting temperature, for maintaining system integrity. Small leaks should they
occur, have little likelihood of propagation into larger ones. Moreover, the
lTow stored energy in the primary heat transport system does not of itself gen-

-erate pressure within the secondary containment structure in case of leakage,
greatly reducing containment structural requirements relative to those required

for light water reactor plants.

In addition to the safety advantages inherent in the.use of sodium as’

the coolant, a number of conceptual and preliminary plant design decisions were.

made to incorporate design features which avoid the occurrence of accidents or
mitigate accident effects should they occur. Examples of these features are:

o A device in each control rod drive mechanism to prevent any rapid
- outward motion of rods. : ' '

e Provisions to prevent gas from entering the reactor core, including:

@ A vortex suppressor to prevent gas entrainment at the reactor
vessel free surface, and

e Continuous bleeding of small bubbles from the system.

e A thermal Tiner in the reactor vessel to maintain the upper vessel
walls 100 to 150°F cooler than the reactor outlet temperature and
protect them from thermal transients associated with power level
changes. v *

o Selection of core materials to give a negative Doppler coefficient
of reactivity and thus provide a reliable feedback mechanism enhanc-

ing stability in normal operation and limiting reactivity excursions._-'

0 Réactof fuel subassemblies with fuel pin spacing designed to reduce
potential for reductions in coolant flow due to fuel swelling.

15.1-3



e Coordinated mechanical design of core assembly, core support, and
fuel handling machine control system to assure that a subassembly
cannot be positioned by the fuel handling machine in a Tocation of
1ncreased react1v1ty or of reduced flow.

e Core support structure inlet modules and asSembTy inlet nozzles which

provide multiple inlet passages and also prevent passage of foreign
materia1 greater than 1/4 inch acrOss to prevent flow blockage.

The prOJect is to use to the maximum extent pract1cab1e proven tech-
no]ogy, including the 1ncorporat1on of applicable FFTF, 1ight water reactor,
and other nuclear power experience. Where this techno]ogy and experience are
not applicable or are only partially or indirectly applicable, an extensive
program of development and proof tests is being 1mp1emented

15 1 1.2 Second Level of Design .- Protect1on Aga1nst Ant1g¥pated and Un11ke1y
Faults

-Recognizing_that errors, or malfunctions can occur despite the care

and attention given to the plant design, construction, operation and maintenance, .

. two avenues of second level pursuit have been followed: (1) a number of protec-
tive systems and plant features have been provided to protect against malfunc-
tions, and to 1imit their consequences to definable and acceptable levels, and

~ (2) a-program of development and testing has been undertaken to define clearly
‘the nature and consequences of accidents such as fuel failure, which m1ght result
from malfunctions. These features are:

e The plant protectlon system provides prompt automatic shutdown of
the reactor when necessary to correct for off-normal conditions in
the system. Two redundant, independent fast-acting systems are pro-
vided. .Each system is complete with diverse sensors, logic, and
c1rcu1try, and each actuates, separate diverse sets of neutron
absorber rods.

e All systems, components, and structures required for continued safe
operation are designed to withstand or be protected from the effects
of abnormal ‘environmental conditions, such as earthquakes or floods.

e The three- loop desiqn provides a redundant heat'removalxsystem such
that core cooling is maintained even if, at the same time as a loss
of normal power, an act1ve component of one loop is disabled.

° Pony motors are prov1ded forkthe primary and intermediate loop pumps
- of the heat transport system. They engage automatically upon reac-
tor scram or shutdown to provide forced coolant circulation. The
pony motors. are capable of receiving power from the standby d1ese1

generators _

e Natural circulation capab111ty is provided in both primary and inter-
mediate 1loops of the Heat Transport System.

15.1-4




® .Extens1ve sod1um leak detection capability is provided to
: assure that any failure of the primary boundary 1s detected
promptly so that corrective action can be taken.

® A Heat Removal System of complete]y independent’ flowpath A
exists which uses the makeup and overflow system of the reactor
- vessel and rejects heat to the ex- vesse] fuel storage system.

e The primary system components of each of the three 1ndependent
: heat transfer systems is installed in an isolable massive
reinforced concrete, steel-lined, inerted cell. '

e A sen51t1ve and redundant system to detect the initiation of
small leaks in the steam generator modules.

o A steam generator pressure relief system which handles react1on
products in the event of a 1arge leak.

o Guard vessels and e]evated p1p1ng assure core coverage and
continuity of core coo]1ng even in the event of primary coolant
system leaks.

, The design emohasizes in this second level the need to insure and .
confirm the high reliability of these protection systems and of any compo- .
nent or system whose failure could lead to severe core damage. An extensive

program of qualitative and quantitative analysis and development testing

is underway to enable the Project to base its design of public public pro- -

tect1on on the surety of these protect1on systems.

The basic: obJect1ve of the Re11ab1]1ty Program is to prov1de addi-
tional assurance (beyond. the normal design process) that the RSS and SHRS
can be expected to perform their intended functions. Based on a review
of licensing requirements and associated Regulatory Guides currently in
use on thermal reactors and an evaluation of potential sources of release
of radiological species, it was considered prudent to devote the additional
effort to safety related systems which provide prevention of loss of cool-
able geometry in the reactor core. The focus of reliability activities is,
therefore, placed on confirmation that the reactor shutdowrt systems and
shutdown heat removal system are highly reliable since these systems are

‘most important to prevention of loss of coo]ab]e core geometry.

' The Reliability Program, as descr1bed in Appendix C, emphasizes 1)
reliability enhancement through qualitative and quantitative analyses of
components and systems which comprise and interface with the shutdown and
shutdown heat removal systems and 2) reliability verification through com-
ponent and system level tests under both design.and overload conditions.

~ Reliability activities include reliability requirements placed in appro-
priate design documents, Reliability Engineering review and approval of
design documents and generation of Reliability Design Support Documents

to contain reliability analyses and results of testing evaluations. These
activities are directed towards providing feedback into the design of shut-
down and shutdown heat removal system components to assure their reliable
operation.

15.1-5
Amend. 4]

N+ 1072




e ~ This Page Intentionally Blank

15.1-5a - Amend. 4
' '  Qct. 1977



©15.1.1.3 Third Level of Design

; ~ The third level of design provides an extra measure of protection for
the public health and safety, beyond that provided by the first and second
levels, by imposing design requirements derived from low probability events.
This is done in two stages:

Extremely Unlikely Faults are included as design basis events.
The plant design must include appropriate safequard features to.accommo- _
date all of these events. Typical conservative assumptions, such as failure
of a single component, are used in the analysis of these faults to demon-
strate adequate design protection. Analytic evaluations of the capability
of the plant to withstand the identified Extremely Unlikely Faults are pre-
sented in this Chapter.

© 15.1.1.4 Margins Beyond the Design Base

In addition to the three levels of design discussed above a
further extra measure of protection for the public health and safety has
been provided by imposing structural and thermal margin requirements on the
plant design which are derived from a spectrum of events which Tie beyond
the plant design base. The Structural Margins Beyond the Design Base (SMBDB)
- impose additional. structural loadings (based on HCDA analyses) on Fhe reactor
vessel system and PHTS components and assure that extra margins exist to
‘acceptably accommodate the additional requirements over and aboye those of
the design basis accidents. The Thermal Margins Beyond the Design Base
(TMBDB) -address the meltdown sequences that could follow an HCDA and assure
that the radiological consequences would be accommodated and/or m1?1ga;ed to
acceptable levels. Details and evaluations of the plant capabilities in these
regards are provided in References 10a and 10b, PSAR Section 1.6.

o Amend. 60
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15.1.2 Requirements-and Criferia for Assessment of Fuel and Blanket

Rod. Transient Performance

To assure that the CRBRP fuel and blanket rods will operate safely
over their respective design lives, the qualitative requirements of Table
15.1.2-1 have been implemented. Specifically, as discussed in Chapter 4,
mechanical design limits (cumulative damage function and ductility 1imited
strain) have been developed to assure cladding integrity is maintained through -
normal operation, all Anticipated Faults and the most severe Unlikely Fault.

The complete details of cumulative mechanical damage function including both
the theoretical derivation and experimental data base, are provided .in Reference

' 58 of Section .4.2. For Extremely Unlikely Faults, 1imits have been established

in terms of cladding and coolant temperatures to conservatively ensure that
core coolable geometry will be maintained. A1l these limits taken together
ensure that the requirements of Table 15.1.2-1 are met.

The acceptance criteria of Table 15.1.2-2 have been developed for.
the preliminary safety review (PSAR) to evaluate the acceptability of each
transient analyzed relative to the requirements of Table 15.1.2-1. The use
of the acceptance criteria allows preliminary assessment . of each transient
event without the need for detailed calculations of mechanical damage.
Detailed calculations of mechanical damage will be performed for the final
safety review (FSAR). The following subsections provide a brief description

of the acceptance criteria of Table 15.1.2-2.

15.1.2.1 Acteptance Criteria for Anticipated and Unlikely Faujts

- The preliminary acceptance criteria for the Anticipated and Unlikely
faults were established to assure that cladding integrity is maintained through-
out all Anticipated Faults in the fuel (or blanket) lifetime and 1limiting-case
Unlikely Fault. As indicated in Table 15.1.2-2, faults are considered
acceptable if ther8 is no fuel melting and the maximgm cladding temperatures
are less than 1500 F for Anticipated Faults and 1600°F for Unlikely Faults.
These criteria not only assure that the lifetime cladding performance require-

ments are met, they also assure a large margin to sodium boiling and to cladding -

melting, thereby assuring that core coolable geometry will be maintained.

The bases for the preliminary acceptance criteria are the analyses
of mechanical performance of fuel and blanket rods discussed in Chapter 4.
Specifically, worst case umbrella transients corresponding to the thermal
conditions in the criteria have been combined at the required frequency at
the worst:time in life. In each case the mechanical design limits, curulative
mechanical damage function and ductility limited strain (see Section 4.2.1) have
been satisfied. . Therefore, if the Anticipated or Unlikely Fault produces lower.
fuel and. cladding temperatures than those used in the corresponding umbrella
transients (and preliminary acceptance criteria), then the design performance
and safety objectives of the fuel and blanket rods are satisfied.

15.1-50 : Amend. 61
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The actual mechanical damage to the cladding is a complicated
function of temperature, stress (fuel and fission'gas expansion), time at
that stress, and accumulated irradiation (reduced strength and duct111ty);-

- Therefore, violation of the preliminary acceptance criteria on fuel

temperature, cladding temperature or both does not necessarily.mean the '
transient has unacceptable damage. It does require the calculation of

‘| mechanical damage in accordance with the design procedures described in

61

Chapter 4. The fault is unacceptable only if the corresponding damage
violates the mechanical. design limits given in Section 4.1, or if the
criteria for Extremely Unlikely Faults are not met.  Should events occur
which are more severe than the transient events used as the design envelope,

. then :the records of actual core environmental conditions will be utilized

to determine the actual cumulative damage funct1on which would then be

.compared to the design limits.

15.1.2.2 Acceptance Cr1ter1a for Extremely Un11ke1y Faults or Postulated

Acc1dents

. The a]]owab]e limit for an Extreme]y Unlikely- Fau]t is def1ned as’
ma1nta1n1ng coolable geometry. As indicated in Table 15.1.2-2 events of this
type are considered acceptable if the coolant temperature remains below
b0111ng and the c1add1ng temperature remains below me]t1ng

o The basis for the acceptance criteria on Tab]e 15 1 2- 2 for these
types of faults is that the geometry of the core must remain . coolable

following a faulted event to assure that damage will not. progress This

1imit is considered to be met when the cladding temperature s he]d below
the melting point. If there is no cladding melting then no gross cladding.
relocation or gross channel ‘blockage can occur. Therefore, preventing.

‘cladding temperatures from exceeding the me1t1ng temperature will ensure

maintaining a coolable core geometry.

'Before the cTadding me1ting,temperature can be reached, it is
necessary to first experience bulk sodium bo111ng and then dryout of the
cladding. The prevention of sodium boiling is considered as a necessary and
suff1c1ent criterion for ensuring a core coolable geometry <

-15 1 2. 3 Acceptance Cr1ter1a Dependence on Shutdown Mode

As noted in: Tab]e 4.2-35 in Chapter 4, the next h1gher Tevel of
damage is allowed for secondary shutdown system event termination. The
rationale is-that failure to actuate the -primary shutdown system is a Tow
probability event so' that the combined probability of the event occurring
and secondary shutdown system activation being required is much lower than
the probability of the event occurr1ng ‘Therefore, application of the accep-
tance criteria of Table 15.1.2-2 in the safety analyses reported in this
chapter considers shutdown by the Primary and-Secondary Shutdown .System
act1on separately in a manner as described in Table 4.2-35.

. ~ Amend. 61
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TABLE 15.1.2-1

EVENT CLASSIFICATION AND DAMAGE SEVERITY LIMITS

Event Classification

Mechanical Design
(Chapter 4)

Normal:

Any condition of system startup,
design range operations, hot
standby, or shutdown other than
an upset, emergency, faulted or
testing conditions.

Upset:

Any abnormal incident not

. causing a forced outage or

causing a forced outage for
which the corrective action
does not include any repair
of mechanical damage.

Emergency:

Infrequent incident requiring
shutdown for correction of
the condition or repair of
damage in the system. No

~loss of structural integrity.

. Faulted:

Postulated event and conse-

quences where integrity and
operability may be impaired
to the extent that consid-’
erations of public health

. and safety are involved.

RDT Standard C-16-1

Normal Operation:

Normal operation includes
steady power operations and
those departures from steady
operation which are expected
frequently or regularly in

the course of power gperations,
refueling, maintenance, or
maneuvering of the plant.

Anticipated Faulted:

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

Unlikely Faulted:

An off-normal condition which
individually is not expected

to occur during the plant life-
time; however, when integrated
over all plant components,
events in this category may be
expected to occur a number of
times.

Extremely Unlikely Faulted:

An off-normal condition of
such extremely low proba-
bility that no events in this
cateqory are expected to occur
during the plant lifetime, but
which nevertheless represents
extreme or limiting cases of
failures which are identified
as design bases.

15.1-52

Severity Level

RDT Standard C-16-1

No Damage:

No damage is defined as 1) no
significant loss of effective
fuel lifetime; 2) accommodations
within the fuel and plant
operating margins without
requiring automatic or manual
protective action; and 3) no
planned release of radioactivity.

Operational Incident:

An operational incident is
defined as an occurrence which
results in 1) no reduction of
effective fuel Tifetime below
the design values; 2) accommo-
dation with, at most, a reactor
trip that assures the plant
will be capable of returning

to operation after corrective
action to clear the trip cause;
and/or 3) plant radioactivity
releases that may approach the

- 10CFR20 guidelines.

Minor Incident:

A minor incident is defined as
an occurrence which results in

1) a general reduction in.the

fuel burnup capability and, at
most, a small fraction of fuel
rod cladding failures;

2) sufficient plant or fuel
rod damage that could preclude
resumption of operation for a
considerable time and/or

3) plant radioactivity releases
that may exceed 10CFR20 gquide-
1ines, but does not result in
interruption or restriction of
public use of areas beyond the
exclusion boundary.

Major Incident:

A major incident is defined as
an occurrence which results in
1). substantial fuel and/or
cladding melting or distortion
in individual fuel rods, but
the configuration remains .
coolable; 2) plant damage that
may preclude resumption of plant
operations, but no Toss of
safety functions necessary to
cope with the occurrence;
and/or 3) radiocactivity release
that may exceed the 10CFR20
guidelines but are well within
the TOCFR100 guidelines.

Amend.

Sept.
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Event

Classification

Anticipated
Fault

' Unlikely
Fault

Extremely
Unlikely
Fault or

Postulated Accident

ACCEPTANCE

TABLE 15.7.2-2

ﬁRITERIA FOR-PRELIMINARYrSAFETY'EVALUATION

: Sever1ty( )
Level

Operational
Incident

Minor
Incident

Major
Incident

Fuel
Temperature

Sotidus)(2)
Sotidus 1)+ (2)

Cladding
Temperature
(°F)

15001

vr1eoo("

Solidus
(2475)

‘Coolant
- Temperature
(°F)

N/A
N/A

Saturation

(3)

NOTES:

(1) For temperatures in excess of these values, transients sha11 be assessed using mechanical

design procedures and design limits of Chapter-4 2.

(2) No fuel melting at ex1st1ng conditions.

(3) No sodxum bo111ng at ex1st1ng pressure.

(4) Applicable "Event Class”or "Severity Level" is based on Primary ShUtdOWH System

action .

A

For Secondary System Shutdown see Table 4,2-35.




~given by

vstrength and proportional e1ast1c

o in wh1ch the system is sh1fted 1nto the p]astlc region .an" add1t1ona1 CDF
component is required.: This component accounts ‘for the hysteresis effect
typically encountered when creep ‘rupture formulations are applied
_(extrapo]ated) in the vicinity of the ultimate strength

In terms of the p]ast1c-trans1ent component the entire CDF-is.,

t

oaL(t) =_;/° dt/tk[T(t);o(t);c(t)gF(t)j+LT[§(§);QG(T;c;F);cE(T,c,F)],t (8)

0

| "where LT is an: emp1r1ca1 funct1on describing the CDF (L1fe Fract1on) worth -
- of a stress into the plastic region. This. function, based on HEDL data with
”55__prototyp1c FFTF clad tubing (Ref. 3), is shown in F1gure 15.1.2-3. :

In Equat1on (8) o, and op_are functions describing the ultimate

limit, respectively. These are dependent
on .temperature, composition and f]uence and therefore, LT is time dependent
according to :

Lf(')=(6LT/60)o+(6LT/60 (80, /sT)T+(60 /6C)C+ (60 /aF)F}

+(6Ly/60,) (s, /aT)T+(ao /6C)CH(80,/6FIFY (9

. The functions describ1ng the temperature dependence of the proport1ona1
~ elastic 1imit and the ultimate strength of irradiated, prototypic tub1ng

are shown in F1gures 15.1.2-4 and 5 respect1ve1y

Co . » Amend. 25
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15.1.3 Control Rod Shutdown Rate and Plant Protection Sysfem
Trlp Se?flngs

15.1.3.1 Confrol Rod Shutdown Rate

- The speclflcaflons and assumpflons Tha? deflne fhe +lme at whlch scram Is

initiated, together with the rate of negative reactivity insertion during
scram, are significant factors In many of the analyses presented in this.
Chapter. The followIng paragraphs address +he control rod shutdown rate
considerations. : :

The selection of the numbers and locations of The confrol rods assigned to the .
primary and secondary shutdown systems was based on analyses of "worst case"
minimum shutdown margin and minimum rod worth analyses (see Section 4.3.2).
The reactivity Insertion rates of the selected banks of rods are then .
calculated on the basis of assumed rates of rod motion, with the highesf worth

rod in the bank assumed stuck at the pre~scram position (see Section 4.2.3).

Primary Shutdown Sysfem

A minimum primary system scram insertion rate requlremén+ was developed to
assure adequate shutdown capability agalnst design basis transients in the -

- gvent of maximum time delays, minimum rod insertion velocities, and minimum ’

control rod reacflvlfy worths. Subsequently, the expected performance of the
primary mechanical shutdown system was established based on extensive testing
of prototype systems. Comparisons of minimum performance requlremenfs with
the expected performance are glven in Section 4.2.3..

The expected scram rate utilizes predicted prlmary control rod start of cycle

positions and nominal rod worths based on values normal ized to the results of

CRBRP related critical experiments. By applyling start of cycle shutdown.

‘rates, a conservative Insertion rate Is utillized since the primary control rod

start of cycle positions and nominal rod worths are based on values normalized
to the results of CRBRP related critical experiments over the operating cycle
as rods are withdrawn to compensate for fue! burnup. Section 4.2.3 describes
the variations In scram insertion rates for the primary system. The beginning
of equilibrium cycle Insertion rate has been applied In this chapter since the
equilibrium cycle fuel conditions tend to be more Iimiting than the early
cycle conditions (e.g., the maximum power fuel assembly exists for Thls core .
condi*lon)

Resul ts of analyses for worst case undercoollng and overpower transients, .
utilizing minimum Tnsertion rate requirements, are presented in this chapter
and compared to results obtained by using the expected insertion rate. These .
translients include a loss of off-site electrical power (Section 15.3.1) and a
wide parametrlc range of step reactivity insertions occuring due to the Safe
Shutdown Earthquake (Section 15.2.3.3) and loss of hydraulic holddown (Section
15.2.2.1). Other transients In this chapter are not sensitive to the
insertion rates and have been evaluated:using only the expected Insertion rate

" to provlde the mos+ real.istic assessment of the events.

ar a A=



'Secondary Shutdown Sysfem

Since the secondary shufdown system con+rol rods’ are always fully wlfhdrawn
under operating conditions, the scram insertion rates do not vary -
significantiy over the operating cycle. A preliminary minimum inserflon raTe
requirement has been developed for the secondary system and Is given in.
Section 4.2.3.  This requirement must be satisfled for minimum rod worths (See
Section 4.3.2) and maximum withdrawal limits on control rod positions (see
Section 4.2.3). The expected insertion rates exceed this minimum as shown In

. Section 4.2.3. The minimum Insertion rate requlrement has been used.for all
__secondary shu+down sysfem resul+s repor+ed In this chap+er.




TABLE 15.1.3~1

PPS. SUBSYSTEM TRIP LEVELS OR TRIP EQUATIONS
rim Shutdown stem

| High Flux Trip at 115% power

Flux-Rate Positive:

-o.99¢(+) + 0.1706Np + 0.0364 <0
L - [d(s)* v :
14285 o

Negative: a
1.01(t)=p ! 6 ()1 LOL o, 1969Np} +0.0416<0.
1+285
Flux to Pressure 1.318JE - § + 0.0425 <0
Primary to . ~ Np (0.147 + 0.0022) + 0.0595 % 0.0007 - AbsVal R
Intermediate ~ [Np (1 £0.015) = N; (1 + 0.015) + 0.0075 + 0.01]1 <0
Speed Ratio ’
. HTS Pump Frequency Trip at 57 Hertz
Reactor Vessel
Level Trip when level drops 18" from normal operating level
Steam to Feedwater Trip at 30% mismatch
Fiow Ratio
“ IHX Primary Outlet Trip at 8300F
Temperature
éc‘n own System *

- Flux to Total Flow 1.28Fp - 0.99 @ +0,087 <0

Startup Flux ' Trip before 10% power

Primary to | Fp (0.147 % 0.0022) + 0.050 * 0.0007 - abs Val
Intermediate [Fp (1 £ 0.015) - FI (1 + 0. 015) + 0.0075 +0. 01]_0'
Flow Ratio

Steam Drum Level Trip at 8" drop from fuII power steady state Ievel

- 4 A




TABLE 15.1.3-1 (Continued)

High EVéporafor Outlet - -

‘Temperature _ | Trip a* 750°F
Sodium Water Reaction © ©.Trip Initiated within 3.0 seconds
HTSiPump Vol tage _ - Trip at 75% of rated voltage
» Inition Jables
27! = Lapléce Operator - L P = Reactor Inlet Plenum Pressure
@ = Reactor Flux £F = Total Primary Pump Flow
Np = Average Primary Pump Speed FP = Primary Pump Flow
Np = Primary Pump Speed F1p = Intermediate Pump Flow

Intermediate Pump Speed

The'ébbye_variablesiare‘hOrmél1zéd*SdCh-*haf thelr value at 100% conditions
1.0, Lol . LT - ,

4 1. nc
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TABLE 15.1.3-2

ACCIDENT EVENTS

Control Assembly Withdrawal at Startup

Control Assembly Withdrawal at Full Power

Seismic Reactivity Insertion (OBE)

Small Reactivity lInsertions .

Inadvertent Drop of a Single Control Rod at Full Power

Loss of Off-Site Electrical Power ‘

Spurious Primary Pump Trip

Spurious Intermediate Pump Trip

Inadvertent Closure of One Evaporator or Superhea+er Module
Isolation Valve '

Turbine Trip

Loss of Normal Feedwater

" Inadvertent Actuation of the Sodlum/WaTer Reaction
Pressuré Relief System

Loss of One D.C. System

Loss of Instrument or Valve Air Sysfem

IHX. Leak

Off=Normal Cover Gas Pressure in PHTS

Of f-Normal Cover Gas Pressure in IHTS

_

Loss of Hydraul Ic Holddown

Sudden Core Radial Movement

Maloperation of Reactor Plant ConTroller

Single Primary Pump Seizure

Single Intermediate Loop Pump Seizure '

Small Water to Sodium Leaks In Steam Generator Tubes

Failure of Steam Bypass System '

Fuel Assembly Dropped During Refuel ing

Attempt to Insert a Fuel Assembly into an Oceupled Position

Single Fuel Assembly Claddlng Fallure In Fuel Handling
System

Cover Gas Release During Refueling -

-Heaviest Crane Load Impacts Reactor Closure Head

Inadvertent Release of Oil Through the Pump Seal (PHTS)

Inadvertent Release of 0il Through the Pump Seal (IHTS)

Generator Breaker Fallure to Open at Turblne Trip

Rupture In the RAPS Cold Box

Liquld Radwaste System Fallure

Fallure in the EVST NaK System

Leakage from Sodium Cold Traps

Rupture in RAPS Noble Gas Storage Vessel Cell

Rupture in the CAPS Cold Box
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TABLE 15.1.3-2 (Continued)

Cold Sodium. Inser?lon
Gas Bubble” Passage Through Core, Radial Blanket and
Control Assembly.

3Core, Radlal Blankef and Confrol Rod Movemenf Due to

Safe Shutdown Earthuake '

jConfrol Assembly WIThdrawal at Startup - Maximum Mechanlcal

Speed

'd'Confrol Aasembly WIThdrawal af Power - Maximum Mechanlcal

Speed
Steam or Feed Llne Plpe Break

.Loss of Normal Shutdown Coollng Sysfem
" Large Sodlum/Water Reactions

Primary Heat Transport System Pipe Leak
Intermediate Heat Transport System Pipe. Leak

- Collision of EVIM with Control Rod Drive Mechanisms

Primary Sodium In-ConTainmenf STorage Tank Fatlure During
Maintenance -

Fallure of the. Ex-Vessel STorage Tank Sodlum Coollng Sysfem
Dur Ing“Operation

Fallure of Ex-Containment. Prlmary Sodlum Storage Tank

Prlmary Heaf Transporf System Piplng Leaks

lnfermedlafe Heat Transport System Piping Leak

Leak In a Core Component Pot

Spent Fuel 'Shipping Cask Drop from Maxlmum Possible Height

Maximum Possible Conventional Fires, Flood or Storms
‘or Minimum River Level :

Fallure of Plug Seals and Annuli

~ Fuel Rod Leakage Combined with [HX and Steam Generafor

Leakage _ :
Sodlum’ Inferacflon with Chilled Wafer

Sodium—Wafer Reducflon in’ Large Componenf Cleaning Vessel

15_1.q7




15.2.1
S15.2.1.1

¥5.2.1.2

15.2.1.3

15.2.1.4
15.2.1.5

15.2.2 -
15.2.2.1

15.2.2.2

15.2,2.3

* pusuy

€9

SYSTEMS ASSUMED OPERABLE TO MITI

) Aané[pafed_Evenfs

" Control Assembly:Wlfhdrawal at

Startup

Control Assembly Withdrawal at
Powgr

Seisﬁlc,Reacfivl+y Insertions-0BE
Small Reactlvity lnsertions

Inadvertent Drop of a Single Control
Rod at Full -Power

Untlkely Events

Loss of Hydraulic Hotddown

Sudden Core Radlal Movement

Maloperatlion of Reactor Plant
Control lers

TABLE 15,1.,3-3
Required Operable
— System

PPS followed In long
term by decay heat
removal (1)

PPS followed In long

term by decay heat

removal

PPS followed in long
term by decay heat
removal :

PPS followed in long
term by decay heat
removal

" PPS fol lowed In fong

term by decay heat
removal

PPS followed In long
term by decay heat
removal e

"~ PPS followed In long

term by decay heat
removal

PPS followed In long
term by decay heat
removal

Primary

Flux-Pressure
Flux-Delayed Flux

High Flux
Flux-Pressure_

High Filux

Flux-Pressure

High Flux

Flux-Delayed flux

High Flux
Flux~Pressure

High Flux
Fiux-Pressure

High Flux
Flux-Pressure

GATE THE CONSEQUENCES FOLLOWING THE ‘OCCURRENCE
OF EACH ACCIDENT EVENT

—=econdary

Flux-Total Flow
Flu;-beal Flow
Flu*—Téf;l.Flow
Flux-Total flow

Modlfled Nuclear
Rate

Flux-Total Flow
Flux-Total Flow.

Flux-Total Flow




Events

15.2.3
T 15,2.3.1
15,2.3.2
" 15.2.3.3
15.2.3.4

15.2.3.5

15.3.1

15.3,1.1

15.3.1.2

15.3.1.3
15.3.1.4

15.3.1.5

| Extremely Unlikely Events

Cold Sodlum Insertion

Gas Bubble Passage +hrough Fuel,
Radlal Blanket and Confrol
Assemblles

Sefsmic Reactivity Insertion-SSE

-Control Assembly withdrawal at

Startup-Maximum Mechanlcal Speed

Control Assembly Withdrawal. at
Power

Anticipated Events

Loss of Qff-Site Electric Power
Spurious Primary Pump Trip
Spurious lnfefmedlafe»Pump Trip

Inadvertent Closure of One .
Evaporator or Superheater Module
Isolatlion Valve

Turbine Trip

* TABLE 15.3-3 (Continued)

Requlred Operable
— System =

PPS foliowed In long
term by decay heat
removal

PPS followed In -long
term by decay heat
removal

PPS followed In iong
term by decay heat
removal

PPS followed In Long
term by decay heat
removal

PPS followed In-long
term by decay heat
removal

PPS followed In long
term by decay heat
removal

PPS followed In long
term by decay heat
removal

PPS followed In long

term by decay heat
remova!

PPS followéd In Iong
term by decay heat
removal

Long Term by decay
heat removal (2)

Fr ; o
Speed Ratlo

High Flux

Hlgh-Flux

Flux- Pressure

HTS - Pump Electrics

Flux-" Pressure
Flux-Delayed Flux

High Flux

HTS Pump- Frequency

Flux to Pressure
Speed Ratlo
Speed Ratlo

Steam-Feedwater

Steam~Feedwater

—Secondary
Flow Ratlo
Flux-Tofél Flow
Fqu-Tofal'Fiéw
FluxfTofal Flow

Flux-Total Flow

HTS Pump Volfége.
Flow Ratio
FIomlRaflo

Evap. Outlet Temp.

Loss of Condenser
Vacuum
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-
15.3.1.6

15.3.1.7

15.3.2
15.3.2.1

- 15.3.2.2

15.3.2.3

15.3.2.4

15.3.3
15.3.3.1

15930'302

" 15.3,3.3

15.3.3.4.

15.3.3.5

TABLE 15.1.3-3 (Continued)
'n“Requlred Operable
——System

Loss of Normal Feedwater

' I nadvertent Acfuéflon of the Sodlum-

Water Reaction Pressure Rellef System

Unltkely Events

Single Primary Pump Selzure
Single Intermedlate Loop Pump Selzure

Smali Water-to-Sodium Leaks In
Steam Generator tubes

Fallure of the Steam Bypass System

Extremely Unlikely Events

Steam or Feed Line Plpe Break
Loss of Normal Shutdown Coollng System

Large Sodlum-Water Reactlon

A

Primary Heat Transport System Plpe
Leak :

Intermediate Heat Transport System

Plpe Leak

i

PPS followed In long
term by decay heat

_removal

PPS folliowed In long
term by decay heat
removal

PPS followed I'n long
term by decay heat
removal

PPS followed In long
term by decay heat
removal

(3

PPS followed In long
term by decay heat
removal

PPS foliowed In long
term by decay heat
removal

PPS followed in fong
term by decay heat -

- removal

Sod{um water reactlon

pressure relief system

rupture discs

(3

PPS followed In long

“term by decay heat
- removal

Brimary

Sfeam-Feedwafef

Steam~Feedwater

Speed Ratlo

Speed Ratlo

- Steam-~-Feedwater

Steam-Feedwater
Steam-Feodwater

Steam~Feedwater

IHX Pri Outlet

;_jmxmmEx-

Steam Drum;Level

Evap, Outlet Temp.

Flow Ratlo

Flow Ratlo

Steam Drum Leval

Evap. Outlet Temp.
Steam- Drum Level.

Sodium Water
Reaction

Flow Ratio




|ABLE 19.1.3-3 (\Lulltlinueuy

A , | Required Operable ‘ o |
Events o _ _System - - "~ Primary , Secondary
15.5,2  Unlikely Events 'h S - |
15.5.2.1 Fuel Assembly Dropped within Reactor (3)
' Vessel during Refueling

"15.5;2.2 Damage of Fuel Assembly due to Attempt (3}
. to Insert a Fuel Assembly Into an
Occupied Position

156.5.2.3 Single Fuel Assembly Cladding Failure EVTM Seajsv}
o ~and Subsequent Fission Gas Release :
during Refuellng

15;5,2.4 Cover Gas Release dur1ng Refue11ng (3)

.75,5L2.5 Heav1est Crane Load Impacts Reactor (3)
' . Closure Head , , N '

15.5.3  Extremely Unlikely Events |
15.5.3.1 Collision of EVTM with Control Rod (3)

| Drive Mechanism
15.6 ~  Sodium Spills
15.6.1.1"Primary Sodem In-Containment : Containment. Iso-

‘Storage Tank Failure during Maintenance lation System

15.6.3.2 Failure of the.Ex-Vessél'Storage Tank ',(3) ,
' : Sodium Cooling System during Refueling ,

15.6,1.3 Failure of Ex-Conta1nment Primary (3) _ ‘ _ .
R Sod1um Storage Tank - g ST R T - 22




Events |

15.6. 1.4

15.6,1.5
15.7.1.1
15.7.1.2

15.7.1.3
15.7.1.4

15.7.1.5

15.7.2.1

15;752.2

L ’/ . - . . "5

- TABLE15.3-3 (Con nued)

*Required Operable
.~ System

Primary HTS Pipe Leak | (3)

Intermediéte'HTS?Pipe;Le&k. ()

Loss of 0. C System t ‘. (3)

Loss of Instrument Or Va1ve Air (3)

THX Leak?‘; - - (3)

Off—Nohma]fcbuér Gas Pressure in -~ (3)

_the -Reactor Coolant Boundary-

Off- Normal Cover Gas Pressure in - (3)

the IHTS S

'Inadvertent Re1ease of 0i1 through ~ (3)

the Pump Sea] (PHTS)

Inadvertent Release of 0i1 through | (3):
the Pump Sea] (IHTS) ,

Primarz

Secondarz';




t_erator Breaker Fa11ure to

.3 Extremely Unlikely Events
: Leak-in Core Component Pot

. ;‘;;ffSpent Fue] S tpp1ng Cask Drop from
 53;Max1mum Poss1; e Height ,
‘Maxifium Possible Conventional

" Fires;. '1ood Storms or Mlnimum
- River“Level .

‘:'¥ Fa11ure of Plug Seals and Annu11

f5}7g3;5: Fue1 Rod Leakage. Comb1ned with
e THK and Steam Generator Le&kage

TABLE 15.3-3 (Continued)

: Required Operab]ef;

System S

(3)

(3)

HEVTM seals
(3)

@

‘ Conta1nment Iso-»-.f

lution System
(3) |

Primary




-viNotes to Table 15.1. 3 3

The redundant and d1verse decay heat reMov&T capabi]1t1es are

-descr1bed 1n Sectlon 5 6

fThe p]ant contro]]er is des1gned to brlng the p]ant to a steady
~ state operating condition in the event of turbine trip. Reactor
..$hutdown may be initiated by the operator if desired. PPS would

| ~.react (Primary-Steam Feedwater, Secondary-Evaporator Qutlet Temp.)

(3)
S p]ant protect1nn systems to protect the health and safety of the pub11c

(_4)1, |

only if the (non-safety class) p1ant controller fa1]ed

These events do not const1tute challenges requ1r1ng operation 6f

Nhere more than one trip function is listed, the separate trip
functions would each adequately mitigate the event, though the
first trip Tisted {s expected to act first to safe]y shutdown the

~p1ant

15.1-104
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1514Eiiesi__oi_uesjguhanges_nn_mm1¥sas_of_Acﬂ.denL£mis

‘The deslgn of the CRBRP has made slgnlflcanf progress slnce the consequences

of deslgn basis events reported in-the.remalnder of thls chapter were flrst
analyzed. A review of approved design changes to determlne:which may affect
the reported results and a qualltative evaluation of the effects of these
changes has been made. - A primary example Is the change in core design from a
homogeneous to a heterogeneous conflguraflon., The results of this effort are
dlscussed In fhe followlng secflons. : e

5. 1 i - . S .,., \;In
Sec*lon f5 2 covers the analvses of reacflvfry Insertion deslgn events. The
format progresses from anticlpated up- fhrough faulfed deslgn franslenfs with
each acclden+ scenarlo provldlng° ' 5 -

°. !denflflcaf!on of causes and acclden+ descrlpTIon,

[ analysls ef effec+s and consequences'

) concluslons.~

With regard +o accldenf scenarIos, +here have been no changes +o Secflon 15.2 .
sincethe orlglnal- PSAR ‘submittal. However, varlous-pleces-of design data

‘have changed and have subsequently been. Incorporated:into the appropriate

deslgn sections of the PSAR. Modlfications to the nuclear and thermal-
hydraulic Informatlon affect the maxImum temperatures attalned and the

temperature/time traces shown. The purpose of this sectlionils to- Indicate the
effecf of these. varlous changes to the - Secflon 15.2 results.

Reacfrvlfy.lnsentlon accldenfs-fyplcally resulffln overpower-+ran$1en+s that
are characterized by an lncrease 1n power such that a:proportionately larger

' Increase occurs .In:fuel temperature than In cladding temperature. Thls Is

opposed .to undercooling design events which have a very small fuel temperature
Increase as compared to that of the cladding. Worst case overpower conditlons
commonly have a rapld Increase In power which Institutes scram of the Plant
Protection:System (PPS). - For events having a rapld power burst, the period of
the overpower condltions Is typlcally. less than one-second:(see Flgure
15.2.3.3-3, for example). Although the shutdown occurs quickly,. effects such
as fuel melflng and the potential for fuel/cladding Inferacflon are of prime
Imporfance In *he fuel pln performance evaluaflons. '

To demonsfrafe +empera+ures +ha+ envelope overpower evenfs wlfh ‘current data
applled, a worst case event was reanalyzed and the results are hereln
described relative to the former values. This 'worstcase selected previously
was the Selsmic Reactivity Insertlon (SSE) (see Section:15.2.3.3.1) with
prlmary confrol sys+em shufdown (whlch Is an - exfremely unllkely event).

Secondary shufdown has been selec+ed for fh!s analysls because of the longer
scram delay time noted below. As wlth fhe past analyses, the following
conservaflve assumpflons were made-

. .. hmend. 76
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)

1)

All full power cases are for fhe reaclor operaflng a+ fhermal

“~~hydraul c ‘design ‘conditions ‘'with a-power generation-of 975 Mt at
«thrée=loop: operallon.‘ (Power uncerfalnfles are dlscussed ln

'%aSecflon 4 4 3 2 )

3)

tSlnce fhe smallesf Doppler coefflclenf occurs a+ +he beglnnlng-of—
: equlllbrlum cycle, the:translent" ‘reactor::power: ‘calculation was
made for this particular phase- incore: 4 1fes.” Thls-results tn the -

highest posslble reactor power changes belng calculated. Table
4.3-16 In Section 4.3.2.3 glves the total.nominal Doppler constant
of 0.002697 at BOC3 used for fuel plus axial blankets. Thls value

*“mﬁls fhen reduced 30% +o accounf for 31runcer+aln+lesf

_The hlghes+ claddlng and fuel Temperafures for fuel assembly hof

rods (In F/A #52 and 101, respectively) occur at the beglinning of
the first cycle of operation, -The conservative ‘reactor power
calculation from Item 2 above was appllied 10 these particular
rods. WI+h burnup, “the ‘power: generation and'steady state-
temperatures decrease (flows are constant). in the hottest fuel

~ assembliés, and consequently the temperature due to the transients

A
- - -‘allowable ‘time del-ays-for. PPS. loglc and: elecfrlcal/machanlcal

would decrease after. beglnning of cycle. -Since: the highest

;~5:;claddlng femperafure ‘for' the:blanket rods:occurs at end-of—llfe,
- hils :condition ‘s conservatively . analyzed uslng fhe |fem 2 power
lfor blankef of rod analyses.a-c S L R .

As descrlbed ln Sechon T 2 1 2 and Secflon 4 2. 3 1 3, +he maxlmmn

delays have been .conservatively enveloped:- :by -usi'nga- 200
millisecond delay between the 1nstrument channel output going

-~ -beyond ‘the. trip. level -and start of control ‘rod: Tnsertion.* The -
- *rtp stgnal for the ensuing:analysls ‘s from the loss of power
- trip-function on the secondary control rod sysfem which has a

. maxImum- delay of 0.8 seconds from fhe *lme power ls losf fo the
-prlmary pumps. e . : _ L .

:WOrsf case, requlred rafes of shufdown worfh used for confrol
'system scram reactivity: assuming highest: worfh rod sfuck

l‘(descrlbed In Section 4.2.3.1:3). =

T 6)

WOrsf comblnaflon of flmlng sequence befween fhe loss—of power +o

the primary pumps and the step reactiylty lnserflon to the core

7-(as descrlbed ln Secflon 15 2, 3 3. 1)-,?-

-

Three slgma (3 ) ho# channel facfors were used for fhe analyses

- ... -and the .claddlng temperatures shown are:the .Inner:surface of fhe
. -cladding at the-hlghest: +empera+ure ‘position,both’ axlally and -

clrcumferentlally on the: rods (poslflon_ls_under the wlre‘wrap).

*In this I nstance fhe sensor delay has been encompassed by +he 200 msec PPS.
Ioglc and control rod unlatch delay. This:is jJustifled by the small
magnlfude of the flux sensor delay whlch ls estlmafed af Iess than 10 msecs.




ResulTs from, FORE-2M . analysns are gnven in Figures 15 1 .41, 2. and 3 and Table
15.1.4=1 for a.60¢ step reacflvcfy insertion occuring at fhe worst time during
the SSE (see: Section 15.2. 3.3.1).. . Comparisons of the heterogeneous core
results. are made with data for a homogeneous core previously reported in this
“section. This prevlously reporfed data updafed ‘earlier data for the .
homogeneous core analyzed in Section.15.2.3.3. - The. figures show the maximum
hot rod temperatures for F/A. #52 and 101, in the heferogeneous core as compared
to similar data for F/A #6 and #8 in-the- homogeneous core. In the homogeneous
core, F/A #8:-had the maximum cladding. temperature -hot rod and:F/A #6 had the.
maximum fuel Temperafure hot rod.. |In. the heterogeneous core, F/A #101 has the
maximum fuel.temperature.and F/A #52 ‘has the-maximum. cladding femperafure. A
" comparison. of pertinent. paramefers is.given. by Table 15.1.4-1. Although the

- temperatures for the heterogeneous core.are somewhat. hlgher, the results are.
well within the Iimits given by Tabie 15.1.2-2 (no sodium boil ing) for
extremely unltkely faults. In addition, -the maximum coolant temperature is
less than 1600°F. This provides considerable margin to the coolant saturation
temperature which. is greafer than 1800°F when this maximum s attained.

Qne important note with regard to the above comparison is that credit has been
taken in the heterogeneous core hot rod evaluation for having a programmed
startup to enhance the power-to-melt (i.e., improved fuel restructuring and -
gap conductance) by using LIFE-11] analyses. The homogeneous core -studies
used fuel rod conditions calculated using P-19 data which assumes a "fresh
rod" with no previous operation. Section.4.4.3.3 of the PSAR addresses how
programmed startup is achieved and the consequential ‘improvement on the
minimum power-to-melt. Since the-proposed programmed startup is stifl not -

- optimized, further Improvement can be achieved through optimization of the.

programmed startup which is scheduled for the FSAR as discussed in Section
4.4.3.3.

Similar data to that described above for the hot fuel assembly rod is not
available for the hottest blanket assembly rod. However, it has been found
from past analyses shown in Section 15.2, that the temperatures for the
blanket size rod are significantly less for the SSE step reactivity insertion
type of event. This is due to the large thermal Inertia of the significantly
bigger blanket size rods.” With the extremely quick power rise for the 60¢
step SSE case, there is insufficient time for the temperatures to Increase as
_much as they do for the smaller fuel size rods. " Thus, the fuel hot rod .
- femperature response represents the worst case thermal transient effect to the
core. These results support a qualitative conclusion that the design changes
- incurred since the original PSAR submittal are not expected to signlflcan#ly
change the results reporfed in Section 15.2.

15.1.4.2 Undercooling Design Events

Section 15.3 covers the analysis of undercooling design events. Subsequent to
the earlier analyses, various design changes to the plant have taken place.
The most important design change is, of course, the core design change to the
heterogeneous core configuration. '
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An Impact assessment of the significant design chanéeé as discussed below -

‘Indicated that their effects on the consequences of undercooling events-are

eifher positive or- Insignlflcanf - Nevertheless, to positively demonstrate the

adequacy of thé current plant: design configuration againsf undercool ing
evenfs,,a defailed re-analysis was undertaken:  This. re-analysis was based on-

.a 'worst-case' event selected in a sysfemaflc mannerby: reviewing the earlier

' resulfs ‘of the- undercoollng evenf analyses reported. in Section 15:3. Unlike
the-overpower fransienfs, undercoollng events typically involve very small
fuel “temperature increases as“compared to“that ‘of the cladding.  The selecflon
of the: 'worst-case': event was therefore' ‘primarily based on the:worst ,
consequence in terms ‘of maximum cladding femperafures. The 'worst-case'

" undercooling ‘event so established was then" re-analyzed consistent with the
current plant design. Defails of and the results from this: re-analysis are
provlded hereln following an i*em-by-l+em dlscusslon of - deslgn changes below.




The significant design changes wlfh respect to the undercoollng events and
their expected effecTs are: :

]l

The heferogeneOUS»reacfor core arrangement Is described in Chapter 4.
Although the heterogeneous coré arrangement is substantially different
from the homogeneous arrangement, the nuclear and thermal-hydraulic
design constralnts are very similar. Since no design basis
undercool ing évent presented a significant challenge to the
homogeneous core (analysis indicated a margin-of approximately 200°F
to the onset of sodium boiling for the homogeneous arrangement), the
same_is predicfed to hold true for The,heferogeneous ~arrangement, '

A minlmum flow coastdown requirement has been specified for the

,prlmary sodium coolant pumps leading to a corresponding minimum

pump-and-drive system inertia requirement which is larger than the
value used in the PSAR Section 15.3 analyses. This also applies to
the intermediate sodium coolant pumps which use an identical design.
The impact of the increased net primary flow during the coastdown is
in the direction of less severe consequences for undercoollng events
through additional heat removal

Refinemenfs made In primary sodium piping layouts which elfher change
flow resistance or transport time are expected to have minlmal, if
any, effect on the: undercooling event.

The differences in IHTS piping configuration between that considered
for Section 15.3 analyses and the present design are expected to have
minimal effects on the undercooling transients of Section 15.3. The

‘changed transport delay further Increases transport time for

steam-system induced transients to reach the reactor inlet.

The current primary system cold leg check valve design is expected to

~allow |imited reverse-flow leakage in a loop in which the pony motor

is not operating. An analysis has been performed using the DEMO Code

"which shows that adequate core decay heat removal can be maintained

with only a single primary pony motor operating, permitting
reversed-flow in the other two loops. Under these conditions, loop
thermal heads effectively limited the reversed flow welk within the
check valve leakage specification and, In fact, maintained a small
forward flow during most of the transient duration.

Consequently, adequate safety performance is expected for events In
which check valve leakage Is a factor.

The IHX design has been changed from a removable tube bundle to a

fixed tube bundle design. This change does not affect the significant
IHX thermal and hydraullc parameters used in the Section 15 3
analyses.

A length lncrease has been made in The steam generator modules slnce
completion of the PSAR Section 15.3 transient analyses. Neither
water-side nor sodium-side pressure drop changes are large. The
module surface increase is In The direction to decrease severity of
undercoollng franslenfs.



8.

Piping layouts have been optimized and simplified on the water/steam
- side. . Two-drum headers have been el iminated and replaced by
direct=to-drum pipe-connections, in conjunction with the use of an

~ annular-iniet girth~baffle in thé drum (see item 9 below). Available
elevation difference 1o assist recirculafion flow has been Increased
u.(drum ralsed 7.0 feef) : :

'The Iarger-dlamefer:nozzles at the drum Increase the available

discharge area in case of large steam pipe breaks Iimmediately at the
drum, - I+ should be noted, however, that in general; effects of severe
steam-side events reach. the reactor well. after the reactor has been
shut down.by-the-Plant Protection System because of the extended
transport time: at.pony-motor.f|ow: rafes. Gonsequenfly, no,safefy

:problem results.at:the. reac+or,

As noted above, the sTeam drum has been redeslgned usnng an lnfegral .
annular girth baffle at the inlets from the evaporator, with

“elimination of the steam Inlet and exit headers (the recirculation
- exit header remains):. The possible effect on.discharge area available

during:a. steam:pipe break were noted above. Increased drum elevation

- .-is.expected. to:increase water recirculation for cases: in which the -

1 O?o'

11,

recirculation. pump is not operating. -(See pertinent comments in |tem
8 lmmediafely above ) '

A revised head curve for - +he sfeam sysfem reC|rcula+ion pump ie now -

aval lable. ' Comparison of these-revlised:characteristics with those
used. in the Section 15.3 analyses indicate: that for:steam system
transients where. the recirculation pump.head has- an-effect on:results;
the -former -characteristics are more conservative. ~(Consequently,
deslign transient-analyses-have conflnued to-use The prlor

‘characteristics.)

The Plant Control System design has progressed significanfly since the
Section 15.3 analyses were performed but the control concept has not
changed. For the analyses of Section15.3, however, early trip action
by the Plant Protection System precluded Control System effects on the
transient results (I and C tolerances. and deadband :are reflected in
the conservative starting conditions for the transient anajlyses). The
Plant Protection System functions having-an action during the Section
15.3 events are tabulated in Table 15.1.3-1." The functions given

"remain:valid, with .the exception that the30% trip mismatch setting
. {offset) on: flux-to-flow may be reduced:to accommodate events leading
- to. increases in power-to-flow ratio-that might level-off just before

“the trip . level. The effect of this reduction will be to decrease time
required to trip and thus will -lessen the effects of the resulting
- transient,. :In addition, a.requirement has: been established for the

<. sgcondary., rod -system to generate a'Trip:Signal within 0.8 seconds
-after loss of electrical power on the pump busses.-

4K 1 _1nNnn A n 3./,



12.. Two-Control: and Protection System. developments for Balance of Plant
having: a:potentlal bearing on: the Section 15.3 transients arei(a) a
- better:definition of  the feedwater:controls and (b) incorporation of a
- w-.delayed turbine trip following: reactor plant.: lrlp The latter Is used
- to:reduce:steam. pressures. immediately following a- planf Trlp to
dprevenl safefy—valve operation. These changes ‘will not affect reactor
conditions immediately after shutdown, because of the extended sodium
Transporf llmes ln +he PHTS and |HTS a+ pony mofor flowrafes.

13, ln +he auxlllary feed syslem, regeneraflve heaflng of fhe auxlllary
.~ feedwater: has been removed, with: the: result. that.cold auxiliary
feedwaler 1s" now ‘Injectedi For cases-In which recirculation pump’
power: I's-not avallable; mixing: of - the-drum-water with the’ cold -
teedwater may be reduced through s+raflflcaflon effecls, resulllng in
lower +ranslen+ cold-leg Temperalures.

‘The re-analysls of a- wors+-case evenl is: dlscussed below. Theswore#—case

. event selected: was the:Loss of Offsite Elecfrlcal Power- (Section 15.3.1.1) as

I+ resulted: In-the worst maximum cladding temperature. " The:-re-analysis-was

performed:w1+h:DEMO~4 and FORE-2M that have: I'ncorporated -all:.the design” '

| changes:-discussed: -above.  The ‘same: PPS deslgn data-and conservative: approach
“jas described in: Secllon 15; l 4.1:were. also -used for - this- analysls.‘

B "Parame'lrlc sludles wére. performed wl‘lh ‘fhe earl ier. verslon of FORE—ZM

(Reference:1):to. substantiate:a worsf—case combination for the selected event.
“for the: nuclear power.varlation: calcula+lon.» ‘The objective was to 'seek .a set
of conditions.that leads:to the- hlghes+ power-. (or the slowest decrease in

* power)-during the transients.: . Conservaflvely, this model used a reduced level
of core detall (from the.7 radial by 7 axial mode capabil ity of the :code)
where the total core wide Doppler-for: the:fuel and blanket reglons was:
“included In the fuel reglon. A base case nuclear model was .established using
the followlng condlflons-

lenlmum C of fuel' : : -
-..Longest - #Pow coastdown of The prlmary pumps-=‘~
- :Zero:decay -heat;

Max imum - fuel/cladding- gap: conducfance-

. Zero:sodium:coolant density: feedback, and
.arMaxlmum Doppler coefflclenl S

000000

V_All ofher feedbacks whlch are: negaflve (such as: fuel expanslon claddlng
expansion,: .core radial“expansion and bowing) were conserva+ively neglected.
Results .of ‘this base case .and the: ef fect of each worst case parameter are
given by Table 15.1.4=3, . Here the: variatton.in the neutronic:power Is shown
for each significant parameter. :This:demonstrates the -importance of each
| -condition In-establiishing the base case. - In-addition-to these conservative
. studles, the-base case was repeated: using: ‘the current FORE-2M: capabi | Ity ‘which
~conslders all core reglons.z With-the-'same base ‘case conditions, a maximum
neutronic power variation of 0.1276*% was found as compared to the value of
1 0.1327% in Table 15.1.4-3, leewlse, a nominal data case was run with this
| mode! and a maximum neutronic power variation of 0.1265% resulted. This
~confirms the conservatism of the base case model.

*Value quoted at Z seconds lnto‘transientﬁfor comparative purposes.
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Although the above nuclear base case conditions were used for evaluating the
neutronic power variation, they do not necessarily form the worst case
,cond!fion forthe hot rod temperature calculations. For thls type analysls,
conditions Ilke the quickest flow coastdown provide the worst case. A
mismatch of conditions (between the neutronic and temperature calculations)

- was thus conservatively selected to- calcula#e wors+ case iransient hot rod
'1o+emperafures. ‘ :

~ The resur+s of +he7re-ana|ysls‘are'5ummarized on Figures 15.1.4-7 and 8 for
{ the worst case fuel and blanket assemb|lies, respectively. The maximum fuel

rod hot spot cladding temperature (36) ‘In the heterogeneous core hot channel

' (as given In Figure 15.1.4-7) Is 1455° °F for F/A #52 (see Figure 4.2-10B for

location). This compares +o 1500°F fuel rod hot spot claddlng temperature
superceded the 1630 °F resul+ discussed In Section 15.3.1.1. Maximum cladding
+empera+ures for the Inner and radial blanket assemblies can be seen to be

1471%F and 1478°F, , respectively, from Figure 15.1.4-8. These femperafures for
. both the fuel and blanket assemblies are well within the -applicabie Fuel
'Design anl?s (Table 4.2-35 and Table 15 1.2-2).

‘ To demons*rafe the conservatism of the above 30 hot- channel analyses, the F/A
- #52 case was- reanalyzed.using nomlnal da+a. For this.case, the maximum.
z,claddlng femperature reached was .more “than 175°F lower relaflve to the worst
-case predlcflon as shown-by FIgure 15.1. 4-7 :

' From fhe Iarge margln as demonsfrafed by +he results from the detalled.

re—analysis discussed above, It can be seen that the heferogeneous core can

"adequafely accommodate al | Undercoollng Events described in Section 15.3.

'15143 Lo_cgj_ﬁaLmLe_Ey_en_s

15 1 4.3.1 1ﬂI£QdQQIiQﬂ

f Sec+lon'15.4 describes the basis for +he~posltfdn-fha+ rod-to-rod fallure

propagation will not occur for faults In the fuel, radial blanket and control
assemblies of CRBRP. The evaluation . used enveloping values for the various
Input paramefers and other attendant conservative assumptions. The resulfs

~ contalned Tn:-'Section 15.4 indicate Tha+ there are substantial margins

avallable To preven+ fallure propaga?lon from local faults.

The analysis -covered a whole specfrum of local fault Iniflafor even+s,
lncludlng .stochastic fallure, localized (fuel.pin) overpower, flow blockage,
and smal | gas bubble passing-through. The core design change from the '
homogeneous core to the heterogeneous core resulted In various changes to the

1 TInput paramefers used in the earlier analyses. .These changes, however,

largely led to various degrees of Improvement over the calculated margins
obtained earlier. Nevertheless, detailed re-analyses were. undertaken for. 1wo -

. reasons: 1) to positively confirm that the heterogeneous core has adequate

margin againsf local - fault events;- and’ 2). there had been no-analysis for Inner
Blanke+ Assemblies Tha+ dld no+ exls+ in The homogeneous core conflguraflon..-
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“In vlew of the facf Tha+ changes to lnpuT parame+ers due to the core deslgn'
‘\change largely. create positive Impacts, the reanalyses were done by selecting
In a sys*emaTlc manner-.an 'enveloping!' Iniflafor event. The 'Yenvelopling

| event! was then analyzed In detall for-a glven type. of core assemblles. A ..

. .summary of the basis used and considerafions involved in:the 'enveloping’

-  evenT selecflons Is prov!ded below.

*Key paramefer changes due to the core deslgn change were compiled. - Each was:

' then assessed for impact on: probabilify ‘of occurrence, potential for faiiure
,propagaflon, and severity of consequence of each local fault 'initiator event.
If the ‘tmpact I's relative only to a single initiator event or to a particular
type of assembly, this Is also noted. A brief- discussion of these key
paramefer changes s as follows.’

'o

-assemblies.. This elimlnated the potential . for misloading radial

Lgﬂgg_ﬁlssLJLjﬁL_Ezessuge Due fo the reduced burnup in the -

heterogeneous core fuel management scheme relative to the homogeneous-

core fuel management scheme (2 versus 3 cycles residence time) and.
ref Ined methods of calculations, the fission gas plenum pressure |s

- substantially lower In the fuel rods (approximately 1000 psi vs. 1710

psi). -This. reduces the.potential for occurrence of stochastic fuel
pin fallures and enhances fuel rod cladding rupture margin agalns+
local fault events across the board el ther due.to overpower or
undercool ing.  Further, It also fends to reduce the potential for

"propagaflon of a local fault when one occurs.

The fisslon gas plenum pressure In the hererogeneous core blankef

.assemblies Is also lower (250 psi and 280 psi In the ‘Inner and radial

blanket assemblles, respecfively, vs. 380 psi In the homogeneous core
blanke+ assemblles). Also, In the control assembllies, the hellum gas

pressure Is subsfanflally lower, Based on preliminary analysis

results (Table 4.2-46), the gas. pressure Is about 1037 psl vs. 3352

psl In The homogeneous ‘core.,

fﬁingie_EnLLghmeni The he+erogeneous core has a slngle enrlchmen+
_This el iminated the potential for locallzed overpower faults due +o

'mlsloadlng of a fuel assembly In a wrong enrlchment zone.

Le_ss_Bo_slilm_YQ_Ld_ngth_Ln_f_eJ_A_semb_LLL The bulk sodium vold

worth for the fuel assemblies Is less positive In the heterogeneous

core (2.31 $ vs. 4.00 $ for the whole core). Thls Improves the margin

In fuel assemblles against local faults due to small bubble
passlng—?hrough

anekt . Based on the present fuel ;'
managemen+ scheme, there will be no shuffiing of radial blanket

bianket (RB) assemblies at a wrong design position In the core and
thus the a+*endan+ local faults In RB assemblles due +o local fzed -
overpower. : _

‘ .




o Lower Maximum Linear Power In RB Assemblies  The (30) maximum |inear
power rating In the RB assemblies Is much lower (14.5 kw/ft vs. 18.3
kw/ft). This reduces the potential for failure propagation due to

" local flow blockage In RB assemblies, - It also enhances the
power-to-melt margin In RB rods and thus helps amel lorate the
potential consequences of a local fault due to locallzed overpower.
The maximum |lnear power raflng of IB/A is about the same (18.4
kw/ft).

o Higher Maximum Ll ear Power in Fuel Assemblies The (30) max | mum
linear ‘power rating of the fuel assemblies Is higher in the
heterogeneous core (14.1 kw/ft vs 12.8 kw/ f1) and the peak assembly. i
average linear power rating is also higher (9.5 kw/ft vs 8.4 kw/ft). ¢
This primarily tends to.Impact local faults due to flow blockage in a
fuel assembly. Relative to the homogeneous core configuration, it may
negatively affect the thermal consequences and the potential for
propagation of a local fault as a resul+ of coolant subchannel
blockage.

o Mmmmm The (36) maximum outlet

" temperature of the he*erogeneous core inner blanket assemblies at THDV
1s 1096°F (vs. 1026°F in blanket assemblies in the homogeneous core)
and -the peak assembly average !Inear power is also higher (11.3 kw/ft
vs. 3.7°kw/ft). This primarily Impacts the propagation potential - for
~and thermal consequences of local flow blockage faults rela+ive to +he o
A homogeneous core analysis for blankef assembl fes,

Alfhough'+he peak»assembly average |lnear power rating in the radial
blanket assemblies of the heterogeneous core Is also relatively higher
(6.8 kw/ft vs 3.7 kw/ft), the peak |inear power rating is lower and
the power-to-melt margin Is greater as discussed above. - Accordingly,
the net impact is rela+lvely lnstgniflcan+ for +he radlal blanke+

- assembl ies.

- o Higher Plutonium Content The Pu content in the heterogeneous core ' -
fuel Is higher. This tends to affect the fuel-coolant reaction
product .formation and thus the failure propagation of failed fuel.
However, any 'such Impact only applies to long-term operation with
failed fuel. Further, the required low .level of oxygen concentration -

~in the primary sodium makes the formation of fuel-coolant reaction

. products a very slow process. Therefore any effect of the higher Pu
content on fuel element failure propaga#lon Is expected to be
inslgnlflcanf.

" ‘As can be seen from the above discussions, the core design change largely led -
- to positive impacts on the margin against local fault events. A few negative
- Impacts that could be of some significance were Identified. All of them,

" however, primarily relate to the local faults of flow blockage. The

systematic detalled parametric study for selecting 'enveloping' events led to
the same conclusion. The 'local flow blockage' fault was thus selected for
detailed re-analyses for the fuel assembllies and the inner blanket assemblies.

~The core design change led to predomlnanfly positive Impacts on margins
, againsf local fault evenfs so far as the radlal btanket and control assemblies
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,are concerned. Therefore, no re-analyses were undertaken for these two types

"'of assemblies. -

151432 Eue;l_-_As_semb_l_l_es

The same. worsf-case local flow blockage faull analyzed ln defall earller
(Section 15.4.1.3.3) was re-analyzed. for the heterogeneous core fuel
assemblles. The same Input assumptions pertalning to the accldent scenario
- and. the .heterogeneous core deslgn parameter values were used for the
-re-analysls. The resulfs are dellnealed ln Tables 15.1.4-4,

As can: be seen from fhe resulfs shown, the maxlmum coolant Tempera+ure In +he
wake reglon and the max I mum fuel rod cladding femgera+ure are both lower for
_;+he helerogeneous core (1216°F vs 1261°F and 1367°F vs. 1396 F ‘respectively).
‘The same temperatures for the hot pin are slightly higher but are still well
below the: lemperafure corresponding to prompl claddlng fallure as dlscussed In

"15 4.1.3.3..

151433 J_nn_el;&La.ms.eLAss_emb_LLes

The same’ enveloplng local fault event was analyzed ln defall for the lnner ,
. blanket assembiles. . The lB/A design parameter values were used as the input
“for this:analysls. ~ As discussed In Section 15.4.3.3.1, flow blockages of

 “blanket assembl les: are extremely unlikely. . Neverlheless, the: same .

- _conservative scenario of a six-channel. blockage was postulated for the
detalled analysis. In view of the fact that the total number of subchannels
I's much smaller for the blanket assemblies, six channels in a blanket assembly
amoun? to a much greafer percentage of fhe total assembly coolanl flow area.

Table 15 1 4 5 dellneafes the results from this -analysis. The maximum coolan+
temperatures In the wake reglon for -both the peak-pin and hot pin are :
considerably ‘lower -than” the estimated saturation temperatures In both cases.

v The maximum claddlng +empera+ures are also wlfhln ‘the acceptable Iimits.

-151434 BasiLa.I_B_Lanls_e_LAis_emb_LLe_s

The core deslgn change to the heferogeneous core creates predomlnan+ly
.poslflve effects on the radial blanket assemblies and further lmproves the
margln agalns+ fallure propagation due to local faulfs. :

The flsslon gas plenum pressure, bofh an lnlflafor for stochastic faults and a

fdrlvlng force for other types of local faults, Is about 24% lower in the
“heterogeneous radlal blanket assemblles (280 psi vs. 380- psl in the
homogeneous core).

'The max I mum | Inear power rallng Is lower by more than 20% (l4 5 kw/f+ VS, 18.3

| “kw/ft).. This provides further lmprovemenf over the marglns agalnst:
essentlally. all the.types of local faults. The radial blanket assemblies ln
~ the heterogeneous core are all located In the outer rings. The power-fo-mell

margin.ls. increased allhough the peak assembly average. | inear power ls hlgher

'and fhls ‘enhances the: margln agalns+ locallzed overpower faults,
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There is no shuffllng of radlal blanke+ assembl ies In the heterogeneous core.
- This essen+la|ly eliminated the potential for loading a RB/A .in a wrong
posiTlon and the affendanf local faults In RB/A due Yo local ized overpower.

From the discussions above,- It is. clear that the radial blanket assemblies in

the heterogeneous core have actually greater margin against fuel element
_ fallure propagation due to local faults than that demonstrated by the earller
analyses and discussed in Section 15.4.3.

1 15.1.4.3.5 Control Assemblles

Al'l the Input parameter values used In the earlier analyses as discussed In
Section 15.4.2 remain essentially unchanged, although the peak |inear power
and the peak assembly average |lInear power are both slightly lower than the
homogeneous core. The only significant change relates to the peak (helium)
gas plenum pressure. The peak gas plenum pressure of the heterogeneous core
control assembly rods Is substantially lower than that of the homogeneous core
(1037 psl vs. 3352 psi). “This provides signiflicant improvement over the

. margin agalinst local fallure events. Therefore, the heterogeneous core
~control assemblies clearly have been greater margin against local fallure

propagaflon than fhaf demonstrated earlier as discussed In Section 15.4.2.

Based on the assessmen+ discussed above and the results of the detailed

| re-analyses provided, the heterogeneous core can be seen to have been more

-margin for local faults than the homogeneous core in some cases or
-substantially the same margin In others. .

15.1.4.4 Effeg Qf Design Changes on Radiological Consequences

.The'changes_associa+ed with the heterogeneous core (decrease In the number of
fuel assemblies, decrease .In the total energy produced in the maximum power

fue! assembly during its |ife, increase In the total core plutonium loading,

~and rearrangement of the fuel and blanket assemblies) is expected to have no’

significant effect on the radiological consequences of the accidents reported

~In Sections 15.5 through 15.7. For the accidents considered, the consequences
- are dependent. upon the total radioactivity contained within a single fuel

assembly, the radlioactivity contained In the sodium coolant, or the
radioactivity released to the cover gas. These are discussed below.

'The consequences of acclidents involving single fuel assembl les are controlled

by the inventory of noble gas and volatile fission products. These in turn

may be classed as short llved (half-11fe less than a few months) and Jong

lTved (half-life greater than a few years). The inventory of short |ived
radioactivity will be dependent upon the power level in the assembly which,

for conservatism, Is assumed to be the assembly producing the maximum power.

The Increase In power level for the maximum power assembly, which resulted
from the changes In the core, was approximately 3.4 percent.  The long |ived

- radloactivity will be dependent on the total energy produced by the assembly

during its life. For the maximum-power assembly, this.ls expected to be about .

80 percent of that for the homogeneous core, as reported in subsequent
“sections of Chapter 15. Therefore, the presently reported doses for accidents
~Involving a single fuel assembly are not expected to increase by more than 3.4
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percent as. a result of the changes made to the reactor core. Accidents.
involving single fuel assemblles are discussed In Section 15.5.2.1, 15.5.2.2
and 15.5.2.3 and resulfing doses for The more severe accldent reporTed In

. Table 15.5.2.3-4. '

;’Considerlng Thaf the margins avallable are greater than two orders of
. magnitude, the small Increase in dosé due to the design change will not affect
. the- conclusions reached. concerning The safeguards provided for the accldents.

; The consequences of accidents Involving sptlls of sodlum and subsequent flires

are directiy proportional to the radioactivity contained within the sodium.

~ This, .In turn, Is dependent upon the failure rate of fuel pins. The design

© Limit of fablure of fuel pins producing one percent of the core power. has not

. been changed and consequently the fission product activity within primary

~ sodlum coolant will not Increase. The Tnventory of long lived fission

~ products may actually decrease due to the shorter reslidence time of fuel

assembl.les within the core. The Iimit of 100 ppb of plutonium within the

;i primary sodium _coolant wlll also be reTaIned The design ‘limit on fuel pin,
fallure will also maintain the activity on the sodium clean up subsystems.
"within the same design envelope. No Increase In the consequences of accldents

,,,,,

‘Involving the primary coolan+ are expecTed as a.result of the changes to the
 core design. :

The activity contained within the reactor vessel cover gas Is directly
. 'proportional. to the fallure rate of the fuel pins. As Indicated above, the
design |imit for- this occurrence will not change. The cover gas clean-up
systems will also handle the same inventory of radioactivity (except that the
i long.lived activity -may be reduced). Therefore, no Increase In the
~ consequences of accidents involving the reactor vessel cover gas are expected
as a resulf of the changes in the core design. '

15 1 4.5

As Indlcafed in Section 4 2.2.41 8 reactor assembly bowling can cause
positive reactivity to be Inserted during variations in the portion of the

‘i_power/flow ratio range below 0.7. Accordingly, reactor transient events’

'% considered in Section 15.2 were reviewed to determine the significance of
“ bowlng reactivity additions on the progress and consequences of These events.

< The following conclusions were reached~

15.1.4.5.1 Reactor Startup Translent (0-40% Power)

- Quantitative analyses were performed for the 2 /second rod withdrawal
transient inltiating In the startup range at 8% power, 40% flow (worst case
Initial condition) incorporating the bowing reactivity characteristics
described in .Section 4.2. The results of this analysis iIndicate that the
thermal consequences on the fuel and cladding for this event are less severe
than if the reactivity effect of bowing had been neglected. This Is because
_positive bowing reactivity addition causes power to rise more rapidiy. Thus,
~ the reactor trip occurs at an earlier point in the time of the event before .
slgnlfican+ changes In temperature have occurred. Consequently, the effect of
adding positive reactivity dué to reactor assembly bowing is analogous to the
' “addition of larger ramp reactivity Insertions, e. g. 5 /second versus

2 [second. As iIndlcated In Section 15.2, the faster ramp rate causes a
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: reacf0r trip to occur earller in The event and peak cladding and fuel
-femperafures durlng the event are Iower.

For evenTs with large reactivity Insertions (e. g., 30 for OBE or 60 for
'SSE), a reactor trip would occur prior to-any significant reactor assembly
bowing reactlvity addition. The power Increases to trip points much quicker
: Than slgniflcan+ +empera+ure changes can occur in the duct structure.

15.1.4.5.2 Reactor E ﬂgE_Rammi;DZMLinﬂLiﬂ_lﬂgz—fllﬁﬁl

For +hese events, reac+or assembly bowing results in a negative reactivity
effect. By neglecting the feedback of reactor assembly bowing, a conservative
deferminaflon of the reactor temperature is obtained for these events.
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b | . TABLE 15.1.4~1
. , |
l 'HQIJﬂELJEMEEBAIuBES_EQRJﬂUﬁ5IEEJﬂﬂKHJMlII.lNSEBIlQNJﬂﬂﬂﬂLﬁSE**
MAX I MUM REACTOR MAXIMUM CLADDING ~ MAXIMUM FUEL
DES IGN - POWER INCREASE "TEMPERATURE TEMPERATURE
(P/Po) (OF) ‘ (OF)
Homogeneous_
F/A #8 2.47 1578 4757
F/A #6 2,47 1555 4954
Heferogenéous
F/A #52 2,61 1647 4815
F/A #101 2,61 1625 5041 %
‘ ‘*Approximately only 4.8% of the pel let cross-section at the center of active

core would have a calculated temperature greater than 5000°F

S/

**Thls table provides analysis results assuming primary RSS actuation. The
ef fects of secondary RSS actuation only (no primary RSS actuation),
Including conservatively predicted flssion gas release, are discussed In
response to NRC Question CS490.23.

NOTE: Pé Is Initlal steady-state operating power.
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CASE -

"TABLE 15.1.4-3

»EABAMED&ULLMﬁE5_IQ_DEIEBMlNEJﬂXEBLSHﬁELEQB

NEUTRONIC POWER VARIATION DURING THE LOSS

OF OFF-SITE ELECTRICAL POWER EVENT

CONDITIONS '  P/IP_ %

1 ,
(Base Case)

00000

o

Minimum fuel C . 0.1327
Longest flow cBastdown

MaxImum Doppler

Zero decay heat

Maximum fuel/cladding gap

conductance

Zero sodlum coolant densl*y

feedback

Quickest flow coastdown : 0.1322
Other conditions same as Case 1

Maximum sodium coolanf denslfy 0.1326
feedback o

Other conditions same as Case_I

MaxImum decay hear * ' 0.1322

- Other conditions same as Case 1

Maximum fuel C_ 0.1325
Other condlfloRs same as Case 1

Minimum fuel/cladding gap 0.1304
conductance
O+her conditions same as Case 1

MinTmum Doppler 0.1248
Other conditions same as Case 1 <

*p = Nuefronlc power at 2 seconds (selec+ed for comparlson only) iInto
the transient.

o,n

P = Neutronlc power at time 0 of the transient. .
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TABLE 15.1.4-4

TEMPERATURES BEHIND A CENTRAL SIX CHANNEL BLOCKAGE IN FUEL ASSEMBLIES

pEAK PIN'3)

| Maximum wake temperature increase, °F .

l Average wake temperature increase, °F

Max Imum wake ?emperafure, OF

Maximum cladding +empera?ure,-°F
Dimensionless residence time, s

Linear power rating, Kw/ft

(1)

(2)

(1
(2)

(3)-

(4)

Based on maximum fluid temperature.

tR = dBTg'Whefe

core Midplane.

Blockage Is conservaflvely assumed to ‘occur at hot spot,

" core.

270
180

1216

1367
22.5
4.1

| HQi Em(4)

116
77
1385
1432
22.5

4.76

T Is the average residence time of the fluld In
the wake reglon, U is the free stream velocity;
and d, is the characferisflc blockage dimension.
The fgmpera*ure Increase is proportional to +
The TR value 22. 5 used here-ls conservative.
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TABLE 15.1.4-5

Maximum wake temperature Increase, OF
" Average wake temperature increase, °F
Maximum wake temperature, °F
‘Maxlmum cladding fempera;ure, OF
Linear power rating, KW/ft |

Dimensionless residence time, t

- Based oh maximum fluid temperature.

conservatism, $

PEAK EIN(3)

462
308
1410
1526

18.4

22.5

Blockage aésumed to occur at core Midplane.

Bléékage assumed to occur at top of the core.

TEMPERATURES BEHIND A SIX-CHANNEL BLOCKAGE IN INNER BLANKET ASSEMBLIES

1 (4)

167.
11
1385
1430
6.7
22.5

The value of t, was calculated to be 17 (Section 15.4.3.3.3). For
he same-fR value 22.5 Is used heref
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FIGURES 15.1:.4:4 through 6 have been intentionally deleted. |
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15.2 REACTIVITY INSERTION DESIGN EVENTS = INTRODUCTION -

In the design approach to safety dfscusSed in Section 15.1.1 it was
stated that the design in the second level emphasizes the need to insure and

confirm the high reliability of the protection systems and of any component

or system whose failure could lead to severe core damage In keeping with
this philosophy this section of the PSAR will examine the response charac-
teristics of the reactor to a series of postulated reactivity insertion
events. The reactor response to these events is identified through the
resultant hot spot fuel pin cladding temperature. For these accident events
either; 1) the resultant cladding temperature will be presented, or 2) it will
be shown that the Plant Protection System will limit the reactivity insertion
to a va]ue less than a spec1f1ed enveloping insertion.

Based on the discussion presented in Section 15.1.2, the severity
of these events can only in-part be discerned by examining the resultant
hot spot cladding temperatures. The overall severity of the event, as it
effects the cladding integrity, is a function of the sum total of all the
accumulated strains imposed on the cladding during its lifetime. There-
fore, the severity of any event should be evaluated on a case by case
basis using the cumulative damage function. In order to minimize the
evaluation process and provide a ready determination of the relative
severity of the event, the transients generated in this section can first
be compared to the umbrella transient described in Section 4.2.1.3.1.
1f the accident transient falls within the time and temperature
confines of the umbrella event, the conclusion can be
drawn that the design 1ife and safety objectives of the fue] assemblies
have been attained. If, however, the resultant clad temperature are beyond
the time-temperature confines of the umbrella, then supplementary analysis
is required to determine the severity of the event

The following conservative assumptions and conditions were used for
the specific purpose of generating the worst case reactivity 1nsert1on tran-
sients for this section.

1. A1l full power cases are for the reactor operating at thermal
hydraulic design conditions with a power generation of 975 MWT at
3 1oop operation. (Power uncertainties are discussed in
Section 4.4.3.2).

2. Since the highest power fuel assembly and smallest Dopb]er
coefficient occur at the beginning-of-equilibrium cycle. (BOEC)
the transients are analyzed for this particular worst period in
core life.

3. With burnup, the power generation and steady state temperature
. decrease (flows are constant) in the fuel assemblies and conse-
quently, the temperatures due to the transients would decrease.

Amend. 61
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4. The nominal Doppler coefficient for BOEC is - 0.0062 (seg Sec-
tion 4.3.2.3) however, for overpower transients it is more con-.
servative to take the lower bound value of the +20% uncertainty
on this value. For studies in this section, -0.005 was gsed for
the Doppler coefficient except where noted. (The exceptions .
being those cases where a larger Doppler yields more conservative
results.) o IR

]

5. Figure 4.2-93 of Section 4.2.3.1.3 of the PSAR: includes 0.1
second unlatch time delay between start of CRDM stator current
decay and start of the primary control rod motion, For
preliminary Plant Protection System transient evaluation,
a 0.2 second overall scram delay (see Section 15.2 and 7.2.1.2.3)
has been assumed. This scram delay includes PPS logic, scram -
breaker and the unlatch time delay, leaving sufficient margin
on overall PPS response time to assure conservative analysis. -

46

- 6. The rod worths used to predict post trip negative reactivity
insertions are the design expected values for the primary control
rods and the minimum expected values for the secondary control
rods. (See Section 15.1 for further details.) For both sets
of control rods the single most reactive control rod is assumed
to be stuck in the withdrawn position: At BOEC the primary con-
trol rods negative reactivity insertion capability is less than . 4
any later time in the cycle. The purpose of these assumptions is - (i
to provide a realistic minimum prediction of shutdown reactivity ~
and hence the slowest rate of power decrease: This provides a
conservatively high prediction of reactor temperatures after
shutdown. ' ‘

5ﬂ ‘ 7. Three sigma (3¢) hot channel factors were used for all the analyses
- and the temperatures shown are the inner surface of the hot pin
cladding at the highest temperature position, both axially and
circumferentially on the fuel rods. (Position is under the
wire wrap). S - ' :

) The possibility of additional fuel-cladding mechanical interaction
dgr1ng.rap1d reactivity insertion events is acknowledged as.indicated in
F1gurg 4.2-22 and subsection 4.2.1.3.1.1. However, present models for
transient fuel cladding mechanical interaction are admittedly lacking pheno-
menologically at prototypic CRBRP design conditions, and therefore, are not
used for PSAR analyses. The fuel models in codes used to calculate the
effects of core disruptive accidents (e.g. SAS3A), are designed to give
initial conditions for calculations of fuel motion from a ruptured rod, rather
than to calculate detailed cladding responses to a terminated transient.
The§e codes assume that cladding loads are simple functions fo fuel properties
during the trapsient; Such assumptions are acceptable for determining gross
fue1 rgd.behav1or during a severe transient (e.g., fail-no-fail), but are
insufficient for calculating time varying cladding strain on cumulative ' .
damage function during a typical upset event. - ' <

. - Amend. 61
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' As noted 1n subsect1on 4.2.1.3.1.3.Tts 56 mode)s are be1ng deve]oped as

part of the" LMFBR fue] transwent test1ng These models for fuel
~and c]add1ng behavior during rap1d react1v1ty 1nsert1on ‘events, as well

as the cladding damage models, will be verified. for prototypic CRBRP |

design and operating conditions. Plans for obta1n1nq test data for formu— _

Jation and verification of these models.are provided in Section 4.2.1.4.1 and -

4.2.1.3.1.3 and are referenced in Section 4 2, -numbers 53 through 58. o

A]thouqh only pre11m1nary results have been obtained to date,
_a]be1t not completely prototypic.:the fact that no significant fuel rod

damage has been observed for simulated.PPS terminated events (subsection
4,2.1.3.1.3):provides confidence that satisfactory performance can be: demon-'
‘strated at FSAR submittal. At that time, the variation of fuel operating
parameters during normal operation will be used as initial cond1t1ons for .
the rapid react1v1ty 1nsert1on trans1ents

Since fuel contact pressure was not cons1dered for PSAR ana]yses, assump-

tions 2 and 3 remain valid as- they would result in the Targest temperature '
increase during these types of transients.. It is this ‘temperature. swing
that is evaluated.at the most damaging time in life which, neg]ect1nq
fuel contact pressure, is at end-of-life when plenum pressure is h1ghest
and fue] rod c]add1ng thickness is at minimum.

The first two of the above restr1ct1ons'are obv1ous The f1rst assures R

. a zerd p]ast1c worth if the stress remains below the proport1ona] elastic
1imit; the second assigns a failure if the ultimate strength is achieved
or exceeded. :

‘1n going from one time 1nterva1 to the next. For instance, if at the end
of the {-th time interval, oi > o, then a value has been assigned: to

Lt. Thus if, at the start o TheP (141) interval, of is retained (i.e.,
o+ = o:) then no further assignment to Ly is required so long as o,
rema1ns &onstant or decreases (i.e., & < 0; and so long as the proport]onal
elastic 1imit remains constant or increases (i.e:, op > 0). Clearly, if,
during the (1+1) interval, o:4; is increasing or if op is decreasing then
an additional assignment must le made to LT

"Although the’ condﬁt1ons for ‘the act1vat1on of L.are perfect1y genera]

it s typically applied only in the case of rapid- transient events because

- at normal steady state conditions the CRBRP fuel-rods operate below the
proport1ona1 elastic limit. A transient event is operat1ona11y defined
as an event in which there is a sufficient change in temperature and/or

- stress but of sufficiently small duration that changes of a metallurgical
nature (e.g., compositional changes and additional fluence effects) can

. be ignored. It follows, therefore, that the only typically encountered
_'source of variation in the _proportional . e1ast1c l1imit, as it affects LT’

is sudden change in temperature

15.2-2a" S " Amend. 25
. Aug. 1976
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The following, 11St of pert1nent Therma] Hydrau]xc 1n1t1a1 condit1ons='~~"
were used for the accident events presented in this: sect1on -

Pr1mary Flow (LB/sec/]oop) o 3841 -
~Primary Hot Leg Temperature (°F) ' 1015*5 o
. Primary Cold Leg Temperature (°F) - - 750%-
" Intermediate F]ow,(LB/sec/]oop) ‘ 3555 R
Intermediate Hot Leg Temp. (°F) - "956*

B Intermed1ate Colereg Temp (°F) ', . "'671*

Sect1on

The fo]]ow1ng is a Summary Table- of . the events cons1dered in’ th1s
Table 15.2-1 identifies: 1) the event, 2) the maximum inside diam-
‘eter c]add1ng temperature resulting from a primary and secondary scram, and

3) comment on ‘the severity of the event

*These va]ues include an additional 20°F over the1r norma] va]ue to: al]ow for“'

1nstrument error and contro] dead band allowance.

- 15.2-2b
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TABLE 15.2-1

REACTIVITY INSERTION DESIGN EVENTS

Max. Clad. Temp.*

Section Primary Secondary
No. Event Scram Scram Comments
15.2 Reactivity insert design events 5
15.2.1  Anticipated Events
15.2.1.1 Control assembly withdrawal @ - NA : 1383°F Temp. -shown for 1¢/sec. withdrawal.
startup - o - (See 15.2.1.1) ' Resultant Temp. less than operating
. condition. (Full Power)
15.2. ControT assembly withdrawal @ 1510°F 1610°F Based on extremely small withdrawal
: “power ~ rate - Results are within the guide-
61| lines of Table 15.1.2-2.
—
ﬁ: 15.2.1.3 Seismic reactivity insertion 1440°F V1440°F Based on postulated 30¢ step reacti-
& - (core, radial blanket and vity insertion - Results are within
61| ~ control rod) - OBE . guidelines of Table 15.1.2-2.
15.2. Small reactivity insertions. 1500°F 1560°F For 2¢/sec insertion case - Results
are within guidelines of
61 Table 15.1.2-2. |
15.2. Inadvertent drop of single Less than Less than Resujts fa11 within gujdelines_of
61! control rod at full power init. cond. init. cond. Table 15.1.2-2.
15.2. Unlikely Events
15.2. Loss of hydraulic holddown 1415°F 1420°F Results are within guidelines of
61l Table 15.1.2-2.
.u7:> 15.2. Core radial movement 1470°F 1510°F For non-seismic conditions - ResuTts
S 3 ' . . fall within guidelines of
32 6l Table 15.1.2-2.
§3 E *Fuel pin inside diameter cladding temperature (under'wire wrap)
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"TABLE 15.2-1 Continued

o o Max. Clad. Temp.*
Section - _ Primary Secondary

No. . - Event Scram - Scram - | Comments
15.2.2.3 Ma]-operatfon of reactor ‘ﬁ <1510°F <1610°F ' Less than limiting condition shown
: plant controllers ' in 15.2.1.2-1
15.2.3  Extremely Unlikely Events | o g
15.2.3.1 Cold sodium insertion Less than Less than Results fall within the gu1de11nes
61| : ' init. cond. 1init. cond. of Table 15. 1 2-2.
15.2.3.2 Gas bubble through core - <1480°F  <1480°F Results fall within the guidelines
_ : of Table 15.1.2-2.
61) | | - AP |
15.2.3.3 Seismic reactivity,insertion <1505°F NA Based on postu]&ted 60¢ step reac--
' (core, radial blanket and : tivity insertion - Results fall
control rod) - SSE - : - within the gu1de11nes of
| » oo Table 15. 1 2-2. :
61 N . ‘
'15.2.3.4 Control assembly withdrawal - NA 800°F 'For 20¢/sec reactivity insertion -
at startup-max. mech. speed (See 15.2.3.4) Results fall within the gu1de11nes of
61‘ | - v Table 15.1.2-2, | .
15.2.3.5 Control assembTy withdrawal - 1420°F 1460°F For 20¢/sec reactivity insertion -
"~ at power - ‘max. mech. speed _ Results fall within the gu1de11nes of
61l B ' Table 15.1.2- 2

*Fuel pinbinside:diameter cladding temperature (undér wire wrap)
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TABLE 15.2-2

| CRITERIA FOR PRELIMINARY EVALUATION OF UPSET AND EMERGENCY EVENTS

1]

(1) A reeva]uat1on of the referenced fuel rod design transient ana]ys1s showed that
as many as 3 step changes to 1500°F (start of 1ife) with a 345 second hold time
~could be accommodated each cycle with no reduction in fuel rod design life.

(2)f‘For temperatures in excess of this value, the transient limit curves of
,F1gures 4.2-21 and 4.2-22 may be used for evaluation.

— _ B Maximum :
. Event 1 Control. Severity Type of Type of | Temperature | Reference
C]ass1f1cat1on System Level _Fault | Assembly |-  (°F) | Figure
| - Fuel 150 | 42419
Undercooling - -
v o | | Blanket 1450 4.2-30
Upset ~ Primary Operational :
_ Incident ' (1)
| Fuel 1450 4.2-19
(Anticipated Reactivity
Fault) Insertion N _ ,
| Blanket | = 1400 4.2-32
Secondary © Undercooling | = Fuel 1600(2)" 4.2-20 |
' Minor o : B |
“Incident - or
- Reactivity : ’ o .
Emergency Primary Insertion Blanket - 1600 4.2-33
(”Elaﬁigy' | Secondary| Major ‘Use faulted limits of Table 15.1.2-2
- Incident .
~ NOTES:




15.2.1 ANTICIPATED EVENTS

15.2.1.]‘ Control Assembly Withdrawal at Startup

15.2.1.1.1 Identification of Causes and Accident Desbriptioh |

‘For this event, it is assumed that the reactor has reached cfitica]ity;
To reach criticality at any time in the CRBRP core, it is first necessary to
completely withdraw the four secondary control rods in Row 4 as well as the .

“two Row 4 pr1mary startup rods. Then to ascend to power. requires withdrawal

of the remaining primary control rods which are normally sequentially moved
to keep them at nearly the same elevation.

It may be postulated that the electronic circuit which produces pulses
that control the rod movement malfunctions and that the pulser begins to with-
draw one of the primary rods. Although the pulser-might malfunction, the

. reactor operator has visual indications of rod movement and could stop. the

withdrawal. If the operator fails to stop the movement, an alarm will sound
before the rod becomes misaligned over some preset va]ue with the other pri-
mary control rods in its bank. The operator must re-align the rods before
the alarm is shut-off.

The maximum design rod withdrawal speed is limited to about 9 inches
per minute (ipm). If the rod speed exceeds this withdrawal rate, an electronic
logic circuit will automatically stop the rod. The occurence of a rod being
withdrawn at the maximum design speed is classified as an anticipated fault.

A maximum ramp insertion to the core of 2.4 ¢/sec could occur as the rod passes
the core midplane (considering the highest worth control rod).

15.2.1.1.2 Ana]ysis df Effects and Consequences

To analyze the effects of a continuous rod withdrawal at startup, the.
reactor was assumed to be initially operating with a very low power level. For
this analysis, 1 Mw, 600°F reactor inlet temperature and 40 percent of full flow
where assumed. Beginning of equilibrium cycle core conditions were modeled.
The minimum Doppler coefficient of -0.005 was used for the core. This value

~is obtained by decreasing the nominal Doppler coefficient by 20% for uncer-

tainties as discussed in Section 4.3.2.3. Continuous ramp reactivity inser-
tions of 2, 5 and 20¢/sec were studied. '

The secondary control rod system was used for shutdown in the studies
(with the maximum worth control assembly assumed to be stuck). Trip was taken
at 56 percent full reactor power which adequately accounts for the flux to
total flow subsystem performance at this reduced power and flow level. This
setting corresponds to a power-to-flow ratio of 1.4. Primary system action

“would be initiated based on Flux - ./Pressure at approximately the same time.

However, since the response of the primary rods is faster, the resulting tran-
sient is less severe. [Note: At full power and flow, the secondary control
rods would be tripped at a power-to-flow ratio of 1.3.]

- 15.2-5




The runs were made using FORE-II (see Appendix A). Figure 15.2.1.1-1
shows the variation in reactor power for the various ramp insertion rates.
Figure 15.2.1.1-2 thru -4 show the fuel assembly. hot pin (with 3¢ hot channel ‘
factors) maximum fuel, cladding and coolant temperatures. As can be seen, 3
higher c]add1ng temperatures can be experienced for the smaller ramp insertion
rates. - The reason for this effect is that the slower rate allows more core ,
energy to be developed before the trip signal occurs. 'The:2¢/sec casevresu1ted
in a short duration cladding temperature ‘increase from 600°F to :1307 °F wh1ch
should result in insignificant damage to‘the pin cladding since its normal
full power maximum temperature would be over 1400°F; for 2.4¢/sec the maximum
temperature attained would be slightly less than 1307°F asindicated by the
trend shown on Figure 15.2.1.1=3. For smaller ramp insertions less than 2¢/sec
higher temperatures could be reached (e.g., 1¢/sec gives a 1383°F maximum
cladding temperature after 80 seconds); however, these events would be
"turned-around" either by the reactor automatic control system or manually by
the operator before the temperatures would reach their normal full power values.
The latter means of control is viable since it takes a fairly long time for
small ramps to increase the reactor power significantly as indicated by the
trend shown on Figure 15.2.1.1-1. [Note: The reactor power can be seen to
increase less than 1% of full power per second for each ¢/sec of reactivity
ramp insertion].

“Parametric studies were performed to determine the effect of initial
powers of less than 1 Mw and reactor inlet temperatures of less than 600°F. '
It was found for both of these cases that lower core temperatures wou]d result.

Although, the fuel assemb]y maximum cladding temperature rise for

2¢/sec was from 600°F to 1307°F, it was found that the hot pin (with 3¢ hot . .
channel factors) in the highest power radial blanket assembly would be sub- e
stantially less. The maximum cladding temperature rise was found to be from Q”

600°F to 992°F. This trend of the transient effect being less severe than that
in-the .fuel assembly would be expected to resu]t for the 5 and 20¢/sec ramp
1nsert1ons, also. o

15.2.1.1.3 Conc]us1on

As a source for an uncontrolied rod w1thdrawa1 1nc1dent to occur at
startup, one can postulate that the electronic circuit which produces pulses
that control the rod movement malfunctions and begins to withdraw one of the
primary rods. Furthermore, the reactor operator failed to stop the rod, des-
pite an alarm indicating that one of the rods is mis-aligned with the other
rods in its bank. The speed of withdrawal is limited to about 9 ipm by an
electronic logic circuit which will automatically stop the rod if this speed
is exceeded. Analyses were performed to show the consequences of 9 ipm con-
tinuous withdrawal of a maximum worth control rod. This resulted in a maxi-
mum reactivity insertion of 2.4¢/sec. : '

15.2-6



Analyses using the FORE-II computer code show that the max1mum fue]
pin c]add1ng temperature for the 2.4¢/sec insertion case was 1307°F. .Since
the normal full power maximum temperature of the cladding at the same. pos1t1on
js over 1400°F, the transient should not produce any significant additional
degradation of the cladding. A description of how this type event is incor-
porated in the pin cladding structural design evaluation is given in
Section 4.2.1.3.

15.2-7
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15.2.1.2 Control AsSemb]y Withdrawal at Power

J5.2.1.2.1 Identification of Causes and Accident Description

During full power reactor operation, the in-core pr1mary control rods can
be moved by either the automatic control.system or manually by the operator. The
discussion of rod speed in Section 15.2.1.1 app11es here. That is, the maxi-
mum design withdrawal speed would be about 9 ipm. The reactivity insertion to
the core would have a maximum value of 2. 4¢/sec as also discussed in the
earlier sect1on

The automatic reactor control system and the control rod w1thdrawa1
blocks will 1imit the results of this type event (see Section 7.7). For
reactivity insertions of less than approximately 5¢/sec occurring when the con-
trols are in automatic, the automatic control system will correct the results
of the event with less than 10% power overshoot and restore the power to the
initial condition. At full power rod blocks will T1imit the maximum power
reached for postulated reactivity insertions to a net rate of 5¢/sec or less
to under 115% power even for worst case assumptions. For initial powers less
than 100%, the power-flow rod block will 1imit the power excursion to less than
120% of the initial power. These systems are prov1ded to prevent scram for
anticipated reactivity faults.

15.2.1.2.2 Analysis of Effects and Consequences

To analyze the effects of a continuous rod withdrawal at power, the
reactor was assumed to be initially operating at full power at plant thermal/
hydraulic design conditions. Beginning of life and equilibrium core condi-
tions were modelled. The minimum Doppler coefficient (This value is obtained
by decreasing the nominal Doppler coefficient by 20% for uncertainties as dis-
cussed in Section 4.3.2.3) of -0.005 was used for the core. Continuous ramp
reactivity insertions of 2 and 5¢/sec were studied to simulate a range around
the postulated insertions. A1l operator and automatic corrective actions were
neglected and reactor shutdown occurred due to scram.

Both the primary and secondary control rod systems were studied sepa-
rately for their shutdown capability with the maximum worth control assembly
assumed to be stuck. For scram with the primary control system, 15% over-
power was used for the trip; scram with the secondary system used a tr1p from
a power-to-flow ratio of 1.3.

The runs were made us1ng FORE-II (see Appendix A.) F1gures 15.2.1.2- 1
through -4 show the variation in reactor power and fuel assembly hot channel
(with 30 hot channel factors) maximum temperatures for the fuel, cladding and
coolant. Figure 15.2.1.2-5 shows the maximum cladding temperature for the
radial blanket hot pin at the top of the active core axial position in the highest
power radial blanket assembly with secondary scram (for a 2¢/sec ramp). ‘As can
be seen, the max1mum temperature attained is over T100°F cooler than for the

15,2-12



fuel assembly hot p1n The second temperature peaks on ‘the f1gure are due to
- the slow release of internal stored heat in a radial blanket pin (i.e., radial

blanket pins have a 0.52" 0D as compared to 0.23" for fuel pins) relative to.
~ the flow decay when the pr1mary pumps are tripped. Figure 15.2.1.2-6 summa-

rizes the fuel assembly maximum cladding temperatures for a range of - react1v1ty

insertions.  As can be seen, higher cladding temperatures can be exper1enced

for the smaller ramp insertion rates. The reason for this effect is that the:.

slower rate allows more core energy to be developed before the trip signal

occurs. However, the small ramp insertions ‘(e.g., smaller than 2¢/sec) shou]d'e

be "turned-around" either by the reactor automatic control system or manually
by the operator before the temperatures attain values as high as those indi-
cated on Figure 15.2.1.2-6. The latter means of control is viable since it
takes a fairly 1ong'time for small ramps to increase the reactor power signif—

icantly. For instance, a 0.1¢/sec ramp would take about 150 seconds to increase
the reactor power by 154 In any event, -the primary rods would scram and pre-= .

vent maximum cladding temperatures from exceeding 1510°F even for the smallest.
ramp reactivity insertion (while operating at full power and flow); the
corresponding temperature for secondary scram would be 1610°F. s

15.2.1.2.3 Conclusions

: As a source for an uncontrolled rod withdrawal incident to occur at
power, one can postulate that the electronic circuit which produces pulses
that control the rod movement malfunctions and begins to withdraw one of the
primary rods. However, the reactor operator has visual indications of rod
movement and could stop the rod. If the operator failed to stop the rod, the
automatic controls or control rod withdrawal blocks will 1imit the results of
the transient such that the reactor power would be restored to its normal
Jevel ‘Oor stopped before a scram signal would be initiated (and less than a 15%
power overshoot would result for a full power operat1on)

Although the uncontro]]ed rod ‘withdrawal is h1gh1y 1mprobab1e, ana--
Tyses were performed to show the consequences of a 9 ipm continuous w1thdrawa1
of a maximum worth control assembly. -This results in maximum reactivity '
‘insertions of 2.4¢/sec. FORE-II calculations indicate that the maximum fuel
pin cladd1ng temperature for this ramp reactivity insertion would be about
1470°F with pr1mary scram and 1510°F for secondary scram. Since the normal

full power maximum temperature at the same position is over 1400°F, the tran- :
sient should not produce any significant additional degradat1on of the cladd1ng

lifetime capability. A description of how this type event is incorporated in
the pin cladding structural design evaluation is given in Section 4.2.1.3.
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15.2.1.3 Seismic ‘Reactivity Insertion (Fuel, Radial Blanket and Control Rod.
Assemblies) - OBE . - ; : : -

15.2.1.3.1 Identification of Causes and Accident Description

. For the Operational Basis Earthquake (OBE) several conditions exist
that compound the-severity of the event. First, the earthquake could poten- .
tially produce a loss of off-site electrical power causing a loss of power: to
~the pumps and consequently a decay of the primary coolant flow. Second, the
acceleration forces of the earthquake could potentially cause compaction of
the core due to closing of radial gaps between the assemblies at the above:
core load pad (ACLP) position. This can result in a net positive step reac-
tivity insertion to the core. Third, when the control rods .are scrammed, the
rate of inward motion is decreased from the normal rate due to a retarding
force resulting from seismic induced impacts of the control rod assemb]y duct :
and dr1ve11ne on surrounding.guide structures.

There are three sources for producing automatic reactor scram (the
operator can also initiate scram). When power to the pumps is lost, a loss of
electrical power (LOEP) trip system initiates scram of the primary contro]
rods after a 0.5 second delay. If a step reactivity insertion occurs the
primary rods are scrammed when the reactor reaches 115% of full power. A trip
signal for the secondary rods wou]d be generated when the power-to-flow ratio .
reaches 1.30.

The worst combination of the above events with respect to core tem-
peratures during the OBE would be to assume that a step reactivity insertion
occurs 0.5 second after the power to the pumps is lost. If the step occurs
earlier than this the core flow will be at a higher level when the control rod.
insertion begins and the resultant temperatures for the event would be lower.
This is due to the fact that for steps on the order of 30¢ the power rises
very rapidly (in less than 0.1 second) and thus scram would be initiated by
either the 15% overpower condition or the 1.30 power-to-flow almost instanta- -
neously. If the step occurs later than 0.5 second the signal due to LOEP
would have already started the plant protection system scram and the reactor
power would be dropp1ng below its initial value at the time of the react1v1ty
insertion and again less severe temperature conditions would result.

15.2.1.3.2 Analysis of Effects and Consequences

Because the OBE is defined to be of half the intensity of the Safe.
Shutdown Earthquake (SSE) the more severe insertion rates of the primary con- -
trol rods for the SSE can conservatively be used for the OBE primary scram
»_ana1y51s Similarly, other assumptions used for the SSE as will be discussed
in Section 15.2.3.3 may be app]1ed to the OBE, and thus the results of the
range of step insertions shown in Figure 15.2.3.3-10 may be conservatively used:
for the OBE. It can be seen that even if a step as large as 30¢ should occur, '
~a fuel assembly hot pin maximum cladding temperature (with 30 hot channel ‘
factors) of less than 1440°F would result. The duration of the cladding
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temperature‘abOVe‘its initial- Steady'State.Va1ue for this case would be" 1e$s

than 1.0 second. Similarly, a 30¢ step results in a hot pin maximum cladding

_ temperature rise for the h1ghest power rad1a1 blanket assembly of 1ess than
25°F. _ _

- Insertion rate data for the secondary control rods is not currently
available for either the SSE or OBE. Results for the OBE were thus not cal-
culated at this time. If, however, as was the case for the primary control
rods, the insertion speeds for the secondary system under normal and seismic
conditions are not much different, then the expected maximum c]add1ng tempera-
tures for the OBE will be about the same with either primary or secondary
scram. This trend can be seen by compar1ng primary and secondary scram
results for step insertions described in Section 15.2.2.1 (i.e., for a 30¢
step the difference in the maximum c]add1ng temperatures for the two scrams is
less than 10°F). . : : S

15.2.1.3.3 Conclusions

- _ A conservative ana]ys1s was discussed for the ant1c1pated event of an
OBE cons1der1ng the compound effects of core flow decay due to loss of power
to the pumps, step reactivity insertion due to.changes in core conf1gurat1on
‘and the decrease in the control rod insertion rate. .

It was found that, even if a 30¢ step reactivity insertion occurred

. for the OBE, the fuel assembly maximum cladding temperature would not exceed
1480 °F for the pr1mary scram. Since the normal full power maximum temperature
of the cladding is over 1400°F, the transient should produce no significant
additional degradation of the cladding lifetime capability. A description

- of how this type event is incorporated in the pin cladding structural. design
evaluation is given in Section 4.2.1.3.
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15 2 1. 4 Sma]] React1v1txﬁInsert1ons

15 2. 1 4.1 Ident1f1cat1on of Causes and Acc1dent Descr1pt1on

: The: only identifieéd ‘source for 1nsert1ng a s1gn1f1cant amount of o
,react1v1ty in a continuous manner is by withdrawing a control rod. ‘This - tran- -
sient is d1scussed in detail for occurrence at’ startup and full power in Sec=. .

’ “tions 15.2.1.1, 15.2.1.2, 15.2.3.4 and 15.2.3.5 and results for ramp insertions

“from very. sma]] rates to 20¢7/sec-are presented. Small step reactivity 1nser-:»~3{v'
tions can be postulated to- occur due.to d1sp1acements of assemblies that-» "
change the core conflgurat1on If the displacements occur quickly and' resu]t
jn-a more reactive core conf1gurat1on they can be conservatively assumed t0»“i“f

- produce a positive step reactivity insertion to the core. Sizes of these

displacements and reactivity insertions and the effects on the core are further
discussed in Sections 15.2.2. 1: Loss of . Hydrau11c Ho]ddown and 15.2, 2 2: :
Core Radial Movement L ,

*15 2 1 4 2 Ana]ys1s of - Effects and Consequences

o - An analys1s was: performed to show the effects of sma]] ramp reactx— N
v1ty 1nsert1ons (10¢/sec or less) and small-step reactivity insertions (10¢ or
less). Since the highest power fuel assembly occurs at the beginning-of- '

equilibrium’ cyc]e (BOEC), the transients were analyzed for this' particular v
worst period. in core life. +By taking the highest power subassembly for BOEC, “the

ana]ys1s is. be1nq performed for the: hlghest power condition of all core cyc]es, K¢
which:gives - a ‘maximum temperature rise (based on power comparisons and: cons1der1ng )

same gap conductance for all rods) in the fuel and. cladding, due to-a given::

‘power increase.- By’ using a BOL gap conductante with a 3o reduction: due to

Auncerta1nt1es, the minimum gap conductance throughout 1ife is being con-

‘sidered (see Section 4.4.2.6.5). The transient temperature changes = -

(aT's) in the. fuel, cladding and" ‘coolant . calculated with. these. h1ghest

_power/m1n1mum gap conductance conditions are used as -a:reasonable: repre=-
sentation of transients in structural evaluations of the .cladding

~throughout 1ife. That is, ‘the' calculated AT's are considered:to occur at -
_the most damaging time in life'which, neglecting fuel contact pressure,

" is at the end=of-1life when the rod's p]enum pressure is highest and the

cladding effective thickness is at a minimum. If AT_s for end-of-1life

power generation had been used, the fuel temperature increase -would be

less due to the power decrease with burnup, the cladding temperature - S

increase would be less (assuming a BOL minimum gap conductance) due to the

thinner cladding (with less temperature- gradient through its thickness)

.and the lower power generat1on

The trans1ent change 1n fue] temperatures is the worst case for thev L
highest power condition with minimum gap. conductance. However, the e
- cladding temperature is increased slightly if a higher gap conductance-
"is used in conjunction with BBEC power generatm -To demonstrate ]theUnhkely
magnitude of the. effect, a worst case overpower trans1ent (Extreme b |

Event, 60¢ step reacm1v1tv 1nsert1on occurinq under SSE cond1t1ons, Sect1on
o f“ S A o
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’ TS 2 3 3) was. analyzed both w1th the m1n1mum gap conductance and w1th

“twice this value. With the larger gap conductance, the maximum fuel
temperature was reduced 300°F, and the maximum cladd1ng temperature was
increased 16°F, relative to those. for the gap conductance which was used
in the Section 15.2 analysis. A]though the c]add1ng temperature rise is
-~ slightly greater for gap conductances in excess of those used in Section

15.2, the substantially greater increase in fuel temperature is félt to bd
more -important, particularly for eva‘uat1ons of fuel c]add1ng contact
pressures during overpower events In add1t1on, it is important to
calculate -worst case maximum fuel temperatures during trans1ents to
evaluate: the potent1a1 of hav1ng mo1 ten fuel generated in the hot rods.

A m1n1mum va]ue Dopp]er coeff1c1ent of 0 005 was ' =

- used for this core condition. For cases that woﬁTd cause reactor scram, _
“studies were- perfqrmed for both primary. ‘and secondary. contro] rod shutdown.
Scram with the primary control rods was taken at 15% overpower and at a power-
-to-flow ratio of 1.30 for the secondary control:rods. For both systems, the

maximum worth control assembly was. assumed .to be. stuck and’ the Shutdown . worth'

“Was decreased by the appropr1ate amount

: The ca]culat1ons were made w1th FORE II (see Appendix. A). F1g-
ures 15.2:1.4-1 through 15.2.1.4-3 show the varijation in reactor power, maxi-
mum c1add1ng temperature and maximum fuel temperature for -2, 5 and 10¢/sec

‘ramp reactivity insertions. As can be seen, both primary and secondary- .scram .. -

results are shown.. F1gures 15.2.1.4-4 through 15.2.1.4-6 show the variation
in reactor power, maximum cladding. temperature and maximum fuel temperature
~ for 5 and. 10¢ steps. The highest clad temperatures on F1gures 15.2.1.4-4
_through 15.2.1.4-6 occur for the 2¢/sec case where a maximum inner. surface
cladding temperature of about 1560°F can be attained if secondary scram is
considered: (primary scram would -give a maximum c1add1ng temperature of about.-
1500°F). The trend .shown by Figure 15.2.1.4-2 is that higher cladding tem-
.’peratures result for smaller ramp-reactivity insertions. The reason for th1s
 effect is that the. smaller insertion rates allow more core energy to be deve-
- loped before the trip Signal occurs.  However, the smaller insertion cases
“should be "turned-around" either by the reactor automatic control system or
‘manually by the operator before temperatures can attain values as high as
- those shown by Figure 15.2.1.4-2. This Tatter means of control is viable

's1nce it takes a fa1r1y 1ong time for sma]] 1nsert1ons to 1ncrease the power o

: ;I*) Note that Figure 4.4-33 shows an inner c]adding surface temperature
decrease in excess of 50°F due ‘to local power depletion of about 13%
- durlng a sing]e equ111br1um cyc]e of the hot rod. This would decrease-

- the cladding AT in the. aforement1oned SSE transient by 16°F (for ‘the’

- .same" cladding-thickness and. minimum gap conductance) which is. about the

- same as the temperature increase due to.’the. factor of two 1ncrease in

gap conductance. Assuming a factor of four increase in gap conductance and
-a 13% power decrease would indicate only a 12°F increase in the Section
15.2 temperatures. Thus, by assuming BOEC. power generation/minimum gap -
conductance conditions, the calculated temperatures are felt to be

conservative estimates when used in events which consider c]add1ng tempera-
ture alone -(worst ‘case at end-of life as 1nd1cated ear]1er)

Amend. 25
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significantly. For instance, a 0.1¢/sec ramp would take about 150 seconds

to increase the reactor.power by 15%. Figure 15.2.1.4-4 shows that for even
a 10¢ reactivity step it takes over 40 seconds for the reactor power to
increase 15%; for the 5¢ reactivity step the power would not increase over 8%.
[Note: Since it was desired only to parametrically show the effects of small
step reactivity insertions, scram was not considered here. However, the
reactor would be shutdown by primary scram when the power reached 1.15% full
power for the 10¢ step case as indicated on Figure 15.2.1.4-4.] As with the
ramp insertion cases, either the reactor automatic control system or the oper-
ator would bring the reactor back to its initial 100% power level before the
temperatures reached values as high as those shown on Figure 15.2.1.4-5.

Several worst cases were also run for the hot pin in the highest power
radial blanket assembly. For the 2¢/sec ramp reactivity insertion with sec--
ondary scram, a maximum cladding temperature of 1410°F was found. ‘A step
insertion of 10¢ was found to produce a 1437°F maximum cladding temperature.

15.2.1.4.3 Conclusions

The consequences of various small size ramp and step reactivity
insertions are presented. Analyses are given which conservatively neglect
- the attenuating effects of the reactor automatic control system or operator

corrective action. :

For a 2¢/sec ramp react1v1ty 1nsert1on, the fuel assembly hot pin
maximum cladding temperatures of about 1500°F and 1560°F were found for
primary and secondary scram, respectively. For a 10¢ step insertion, a maxi-
mum cladding temperature of less than 1525°F would occur .(neglecting the pri-
mary trip). Radial blanket hot pin maximum cladding temperatures were found
~to be s1gn1f1cant1y cooler for these same transients.. A description of how
this type event is incorporated in the pin cladding structura] des1gn evalu-
ation is given in Section 4 2. 1 3
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15.2.1.5 Inadvertent Drop of a Single Control Rod at Full Power

115.2.1.5.1 Identification of Causes and'ACcident Description

The inadvertent drop of a- s1ngle contro] rod is postulated to occur
as a result of an electrical fault in the affected control rod drive mecha-
nism (CRDM) or its power supply connect1ng wiring that causes a loss of
holding current to .the mechanism, or a mechanical failure in the CRDM caus1ng
the control rod to be released. The result is a rapid decrease in reactor
nuclear power and core temperatures.

To assure a conservative eva]uat1on of the postulated event, the
following conditions ‘were applied:

a. Minimum decay heat for a beg1nn1ng of life core w1th low pr1or
power history. :

b. Maximum worth for the dropped rod corresponding to the equ111—

: brium core center rod. One o uncertainty with respect to
insertion was included in the center rod worth resulting in $3.25
for the dropped rod. :

c. Slowest flow coastdown rate after pump trip corresponding to the
largest sodium coolant pump rotating kinetic energy and the low-
est reactor pressure drop in the design specifications.

These conditions produce the most rap1d down tran51ent in reactor
temperatures

_ The actions of the primary and secondary shutdown systems are as
- follows: ' -

a. Primary trip - Flux-to-delayed-flux trip occurring at 0.21 second
after the malfunction. This delay time includes time for nuclear
flux and flux rate to reach the trip point, lags in its measure-
ment, and lags in the trip transfer function. :

~b. Secondary trip - Trip at 50% nuclear flux occurring at 0.56 sec-
ond. after the malfunction. Delay time includes appropriate
 delays and lags as above. It should be noted that this prelimi- -
nary trip function provides a conservative envelope for the
performance of the modified nuclear rate subsystem descr1bed in
Section 7.2.1.2.2 ,

©15.2.1.5.2 Ana]ysis of Effects and Consequences

Results of the rod drop analysis, which was generated with the Demo
Code, are presented in Figures 15.2.1.5-1 and 15.2.1.5-2. As shown the
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dropped rod produces a power reduction and consequent drop in Reactor Tempera- .
ture. Because of the quick action of the PPS, the resulting temperature
transient is similar to a normal reactor trip. In the event that the Primary
Shutdown System should fail to operate Figure 15.2.1.5-2 shows the Secondary
Shutdown System trips the plant with results similar to those for a pr1mary
shutdown system trip.

.The,rod drop study also investigated the drop of control. rods of ]ess
worth. A1l resulting transients were less severe than the maximum-worth case
shown in F1gures 15.2.1.5-1 and 15.2.1.5-2. This remained true even for. cases
in which the primary trip was neglected and the worth was made small- enough to
- avoid actuation of the secondary trip, resulting in a no- tr1p event.-

15.2.1.5.3 Conclusions

From the results of the analysis presented in Figures 15.2.1.5-1 and
15.2.1.5-2, it is concluded that the single rod drop transient is not signif-
~icantly more severe than the conventional plant trip shutdown transient.

3
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" Figure 15.2.1.5-2, Hotspot Clad Midwall Temperature as a Function of Time After a Rod Drop
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15.2.2 Unlikely Events

15.2.2.1 Loss of Hydrau]1c Holddown

15.2.2.1.1 Identification of Causes and Acc1dent Descr1pt1on

The function of the hydraulic balance system is to equalize (balance)
the pressure forces on the fuel/blanket/control assemblies so that there:-is
Tittle or no 1ifting force and that the net resultant force (including assem-
bly weight) is downward and approximately equal to the resultant buoyant weight
of the assembly (see Section 4.4.2.5 for details). This is accomplished, as
shown in Figure 15.2.2.1-1, by exposing a significant portion of the bottom
of the assembly to outlet pressure whereas the inside bottom of the assembly
is exposed to reactor inlet pressure. A seal is provided between the assembly -
nozzle and the core support structure receptacle by a piston ring located
above and small radial clearance below the entrance slots to the assembly.

This seal separates inlet from outlet pressures. Several conditions which -
could result in the loss of hydraulic balance and cause the fue1/b1anket/contro1
assembliesto float upward are considered. They include: inadvertent pump
‘startup during refueling operation, pressure surge associated with a check
valve slam, and blockage of the conduit (3/4 inch duct - Figure 15.2.2.1-1)
providing communication between the reactor high and low pressure regions.

Loss of hydraulic holddown for either a primary or secondary control
rod under operating conditions would have negligible adverse effects since
the absorber section is rigidly held in place by a driveline. Consequently,
the loss of hydraulic holddown of the control assemblies is not given further
attention for at power conditions.

Inadvertent Pump Startup During Refueling

Starting the CRBRP primary pumps requires five steps carried out in
proper sequence. First, all scram signals must be cleared. Specifically,
the vessel level sensors must be reconnected which implies that the reactor
head rotating plugs are in the operating configuration. Second, the primary
scram breakers and secondary logic drivers must be manually reset at local
stations. Third, all pump auxiliaries (lube 0il system) must be started.
Fourth, the 1ntermed1ate pumps must be started before starting the pr1mary
pumps per administrative procedures. Finally, primary pumps are started
sequentially. There are more than 10 separate actions, carried out at
~ three or more locations, required to start the primary pumps. This in itself
practically precludes an inadvertent pump startup during refueling operation
so that the composite event would be Extremely Unlikely. However, for con-
venience of presentation, the event is treated in this section. Assuming
“the pumps are accidentally started, the full pump head would be imposed across
the receptacle and across the 3/4 inch conduit connecting the high pressure
region to the low pressure region, i.e., the pressure buildup would be in
the direction of providing hydraulic balance. For a fully loaded core,
as one would expect, an accidental full flow pump startup would not adversely
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effect the hydraulic balance system. If e1ther'b1énket or fuel assemb]1es were

removed from the core at the time of an accidental pump startup, the hydraulic
balance could be adversely affected depending upon the number of assemblies
removed. For the case of one fuel assembly removed, the reduction in hydrau11c
balance pressure differential would be dependent upon the relative 1oss in '
pressure due to flow through the 3/4 inch receptacle conduit as compared to

‘ ~ the Toss in pressure due to flow through the conduit connecting the low pres-.

sure manifold to the outlet plenum. The pressure in the low pressure manifold
and in the conduit connecting the manifold to outlet pressure would rise quite
significantly as the number of fuel assemblies are removed. A -pressure dif-
ferential of approximately 45 psi is necessary to float a fuel assembly and
more than twelve fuel assemblies would have to be removed in order to lose -
hydraulic balance at full flow. It is thus concluded that the loss of hydrau-
‘1ic balance to the reactor fuel/blanket/control assemblies during refueling
with an accidental pump startup is remote. Also, since refueling is conducted
only with all the control rods fully inserted, inadvertent floating of fuel
assemblies would impose no reactivity incident and the only consequence would be
possible damage tQ the assembly. However, when the driveline is removed from

a secondary control assembly dur1ng refueling, a pressure differential of .

7 to 10 psi is required to cause the secondary control rods to float up 36";
more than 3 core assemblies would have to be removed to achieve this with an
inadvertent pump startup. [Note: Even with all the secondary rods out, the
reactor would stay subcritical due to the higher worth of the unaffected pri-
mary control rods.] Floating of blanket/fuel/control assemblies under these
conditions will be prevented by .limiting the number of assemblies that can be
out of the core during refueling.

.Pressure‘Surge Associated with a Check Valve S1am

Check valves will be used in CRBRP to prevent flow reversal in the
heat transport loops under certain transient conditions. These create a pres-
sure surge at closing. If the surge enters the low pressure reg1on it will act
on the fuel assemblies as a 1ifting force. If the pressure surge is of suffi-
cient strength and duration it could overcome the hydraulic batance and 1ift
the assembly. The pressure surge travels at sonic velocity (7800 ft/sec) and
in the case of the 14 ft fuel assembly the maximum time the pressure surge can
exert a 1ifting force on the assembly is 0.0018 second. Based on fast_reac-
tor design experience in which the maximum expected pressure surge is conser-
vatively estimated to be approximately 50 psi, this pressure wave of 0.0018 sec-
ond duration would 1ift an assembly an amount of approximately 0.001 inch
which is not considered significant. . This is a very conservative estimate and
the reason the upward displacement is small is the extremely short duration
that the pressure wave acts on the assembly. Therefore it is expected that a
check. va]ve slam will not adverse]y effect the hydraulic balance system.

,B]ockage of Conduit Providing Commun1cat1on Between the Reactor Low and ngh
- Pressure Region ‘

The most Tikely cause of loss of hydraulic balance to fue]/bianket/
control assemblies that can be postulated is an increase in pressure in the
low pressure region below the’fue]/b]anket/contro] assembly nozzles. This can
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1 support structure, the deposition would have to exceed 10 mils per year which - -

occur by comp]ete or part1a] blockage of the 3/4 inch and 2 inch conduits. con- -
necting the receptacle with the Tow pressure plenum or between the -low pres- .-

sure and outlet p]enum A pressure increase in the Tow pressure:plenum-can .be -

discounted since it is connected to.the outlet plenum by a large-area and many -
flow passages. Only blockage of the 3/4 and 2 inch conduits below the . S
assembly nozzle could cause pressure below the assembly to buildup. Spec1f1—'
cally, if a large blockage occurred in the conduit, a s1gn1f1cant portion of -
the reactor AP would be taken across the blockage thus raising the pressure
at the bottom of the fuel/blanket/control assemblies nozzles. Several
conditions can be hypothesized which could cause blockage of the conduits to

-cause loss of hydraulic balance. One assumes that corrosion/erosion. products

would plate out uniformly on the conduit inside surfaces and another assumes
that large particles lodge in the conduit. It was estimated that the

0.75 inch conduit would have to be reduced to a diameter of less than Co
0.25 inch before an assembly would 1ift. Assuming a 30 year life of the core

is extremely unlikely. The CRBRP will have a strainer (Figure 15.2.2.1-1) at
the entrance to the receptacle region conta1n1nq 1/4 inch holes on a pitch to
diameter ratio of approximately 1.5. With a 0.75 inch conduit, the strainer
will preclude the possibility of particles of sufficient size enter1ng the

receptacle and blocking the conduit. In addition the piston ring between the o

nozzle and receptacle will filter out particlés and prevent them entering the
conduit. Thus, c]ogg1ng of any of the passages/condu1ts to cause. a loss of
hydrau11c ba]ance is 1nconce1vab1e

15.2.2.1. 2 -Ana]ys1s of Effects and ConSequences'

A]though the loss of hydrau11c ba]ance is an un11ke1y event, ana]ysese;f
were performed to show the consequences of its occurrence. -Since the h1ghest o
~power fuel assemb]y occurs at the beainning- of—equ111br1um cycle (BQEC), the =

transients were analyzed for this particular worst period in core life.  Jus-

tification for the use of this "worst" situation is found in 15.2.1.4.2. ~
A minimum value is obtained by decreasing the nominal Doppler coeff1c1ent

by 20% for uncertainties as discussed in Section 4.3.2.3. For cases

that would cause reactor scram, studies were performed for both pri-
mary and secondary control rod shutdown. Scram was taken at 15% over-
power with the primary control rods and at a power-to- flow ratio of 1.30
for the secondary control rods. For both systems, the maximum worth
control assembly was assumed to be stuck and. the shutdown worth was

.decreased by the appropriate amount.

In the analysis, the loss of hydrau11c holddown was’ assumed to result

" in the axial displacement of a few of the 198 fuel assemblies relative to the
~rest of the core. The maximum amount of motion at hot, full power BOL and

EOL conditions is approx1mate1y 1.8 inches and 1.2 1nch respect1ve1y At
shutdown conditions, a maximum movement of 2,5 inches can occur.  Axial

_d1sp1acements are limited to these values by the upper internals structure
- which acts as a mechanical secondary holddown. ' The effect of moving one -

assembly, expressed in cents/inch, is given in Table 15.2.2.1-1. As can be

seen in the table, the worth of the d1sp1acements decreases as one moves from :
the center core rows to the outer core rows. In fact, the ¢/inch -

- 15.2-36 | o ‘Amend, 40
_ ' July 1977




ol

40l

value for a Row.9 assemb]y is- only one- tenth of ‘that for a Row 2 assemb]y

“The data in the table is based on the worth of the displaced fuel: "If clusters =
of fuel assemblies move together, ‘other reactivity effects such as’the’ re]a-

tive insertion of the control assembly would need to be ‘taken 1nto account.
As many as 30 fuel assemblies scattered throughout the core can ‘be affected

‘without any two such assemblies being adjacent to one another.’ Thus, th1s 1s

considered to be the max1mum 11m1t of app11cab111ty of the data

If one conservat1ve1y assumed that 30 of the h1qhest worth assemb11es f
scattered throughout the core lost hydraulic balance instantaneeusly no '

‘more than a 22.5¢ step cou]d occur (taking a'2.5 inch displacement and 0. 3¢/inch

worth for each assembly). Ana]yses of various size step insertions have. been_ o
performed with the FORE-II ‘computer code (see Appendix A).. The results of a ..~
parametric range 6f step reactivity insertions are shown. in Fiaure 15.2.2.1-2.

As can'be seen, a 22.5¢ step would produce fue] assembly hot pin maximum cladd1ng

;temperatures of approx1mate1y 1420°F and ‘1430°F for primary and secondary

scram, respectively. In actuality, when hydraulic holddown is lost at power‘ .
the fuel assemblies would move upward which would cause a negative step since

-the movement is such that the net effect is an insertion of the control rods.

This would cause a reactor power decrease. To achieve a positive step one
source would be to assume that hydraulic balance is regained" (while at- fu]]
power) and that the assemblies which had been 1n1t1a11y ra1sed 2.5 1nches
1nstantaneous]y fall back into pos1t10n :

: “For small step insertions of less than 10¢, a d1scuss1on of the tran— .
sient effects is given in Section 15,2.1.4." The results shown on Fig- '
ure 15.2.2.1-2 for this range do not result in reactor scram (i.e., the
reactor power does not reach 15% overpower cond1t1ons) ‘As discussed in Sec-
tion 15.2.1.4 the temperatures would not ‘attain values as high as 1nd1cated

~on the figure since the reactor automatic. control system would ‘turn the " o
“transient around and bring the power to its or1g1na1 1evel before the temper- -
hatures would be reached. Also, there is sufficient time with small step

insertions for the operator to manua]]y restore the reactor to fu]] power

Similar ana]yses to those descr1bed ‘above have been performed for ‘the

».reactor at hot standby conditions (600°F reactor inlet and subcritical power -
~generation) and it was found that the resultant maximum cladding temperatures

are- s1gn1f1cant1y less. than those given by F1gure 15.2.2.1-2 for ‘the same
size reactivity insertion. Also, full power and hot standby runs have been"

- made, for the highest power radial blankét assembly hot pin and ‘the resu]tant

temperatures are s1gn1f1cant1y 1ess than those for the fue1 assembly hot p1n o
at fu]] power, . _

As indicated in Section 15. 1. ‘parametrics ‘were performed to show the
effect of using "minimum required” primary control rod shutdown rate‘values
instead of the "expected" values (both having the h1ghest worth rod assumed

“to be stuck) The temperatures described thus far in this section ‘have been
'based on the expected rates of shutdown worth wh1ch as descr1bed 1n th1s
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earlier section are felt to give the more realistic evaluation of the tran--
sient. Figure 15.2.2.1-3 shows the fuel assembly hot spot cladding tempera-
ture for the two cases. As can be seen, in the range of interest for the loss
of hydraulic holddown event (i.e., a 22,5¢ step reactivity insertion) there is
-an insignificant increase of about 5°F due to the differences in shutdown rate.
Also, as can be seen on the figure, even for an extreme]y large: step of 90¢,

" the- 1ncrease would only be about 60°F . . .

15.2.2.1.3 Conclusions

- Although the Tloss of hydraulic holddown is an unlikely event, con-
servative analyses were performed to determine the effect of this transient
“on the core. For the postulated case of 30 fuel assemblies scattered. through- .
out the core axially moving 2.5 inches, the maximum step reactivity insertion to
the core was found to be less than 22.5¢. For primary and secondary scram, this
would cause maximum cladding temperatures of 1420°F and 1430°F, respectively.
. These transient temperatures should not result in any s1gn1f1cant degradation
of pin lifetime. A description of how this type event is incorporated in the
pin cladding structural design evaluation is given in Section 4.2.1.3.
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TABLE 15.2. 2.1-1 :':

THE REACTIVITY EFFECT OF THE AXIAL MOTION OF A FUEL ASSEMBLY

Row Number ;' - : Cents/1nch for 1 Fue] Assembly*

2 - ) - 0.30 o

3 o Y
4' . ' T. : -,T0,25,

5 S o - f;o.22'
P _ SRR ' T . d!Tg_

7 A

g R . : :.vv Vf0ro7 |

e 003

*The reactivity effect 1svnegatiVe when the fuel aSSemb]y moves upward-(oUt
of the core) and positive when it moves down (into the core).
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15.2.2.2 Susiden_CQr:e_Bad_aJ_MQxemn_‘r
15.2.2.2.1 _ldent. fl_caﬂgu of C_ause_s__and..Ac_cl_dem_Dﬂs.Qr_lp_ﬂ_Qn

The event to be considered here Involves core radlal moflon ‘which occurs
rapidly and is difflicult to accurafely predict. This Is In contrast to normal
 core radial motion which occurs gradually and predictably in response to
normal temperature changes and irradiation induced material swelling ‘and
creep. The laffer type evenf is dlscussed In Secton 4,2.2.4.3.

The fype of sudden core radlal motion to be evaluated has been termed "sf!ck~
Ilp" motion. Stick- slip motion refers to a situation in which the reactor
assembl ies are restralned from moving radially by Interassembly frictional
forces at the assembly load planes (stick) and then suddenly move to a new
position dictated by current temperature and Irradiation environment as the

interassembly frictional forces are suddenly rémoved or reduced (siip).. If 1t

s posfulafed fhaf sflcking occurs while the reactor assemb| fes are’ bowed away[
- from- the core centerline, a sudden positive reactivity insertion can +ake

place as the assemblies slp to an Inwardly bowed shape (towards the core
centerline). - Such an event Is unllkely since the buildup of Interassembly
frictional forces which would.be required to cause sticking would oc¢ur only
when the assemblles are In a compact Inwardly bowed state. If the assémbi les
are bowed outward away. from the core centerline, the Interassembly gaps would
be farger and then the probabil ity of sticking wouid be minimal. Onh the other
hand, If because of themal and irradiation effects the assemblles due to '
manufacturing tolerances and. frictional forces.

If the assemblies are preven+ed from achnevlng a compact state due to
interassembly frictional effects, It Is possible that a seismi¢ event could
over come the frictional effects and allow the reactor’ assembl ies to take on a
more compact state. .This. Is, gonsldered to be the only. reallsflc Inlfiaflng
mechani sm for a sfick—sllp fype event,

If the s+Ick-sle event occurred +he reacflvify lnserflon would ‘cause-
temperature rises of the fuel, claddlng; and coolant. The power rise would
trigger a primary confrol .system.scram if the IImits of Section 15.1.3 were
exceeded. : :

15.2.2. 2 2 Eve nt Eyglugt~9n; MQdQI, A§§umpiIQD§._§Q§_§QD§Q£&EL_EHRS

To determine the maxlmum posslble reacflvlfy insertion, the followlng analysls
steps were fol | owed:

1. Predict the difference In core assembly posl+ions and bowing between
"~ refuel ing and full power,

2. Determine the reactivity worth factors assoclated with radial motion of
each core assembly. : .
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3. From the predictions of maximum possible radial motion and worth factors,
determine an upper limit for possible reactivity Insertlion from -
stick-slip.

To predict the core assembly positions and bowing at refuel ing and full power
conditions, a finlte element model was constructed of a radial row of core
assembl les. The reactor envirommental conditions were then applied along with
material characteristics to give bowing and position curves |ike those of
Figures 4.2-88 through 4.2-92. Refer to Section 4.2.2.4.3 for further details
of the core assembly bowing analysis. Comparison of the bowing shapes for
Figures 4.2-88 through 4.2-92 shows an inward bowing at full power (100% power
to flow ratio). The reactor assemblies were assumed to stick In the refuel ing
position (at 0% power to flow ratio) and to then slip suddenly to the full
power position. '

Conservative nominal compaction reactivity worth coefficlents were determined
by using the assumptions that all control rods would be parked above the core
at the beginnlng of an equilibirum cycle. The worth coefficients are shown in_
Table 4.3-14. o !

The above procedure results in a prediction of approximately 60 for the
maximum value of step reacflvlfy lnserflon (see Section 4.2.2.4.3).

The above upper |imit is considered to be conservative for- fhe followlng 3
reasons: :
_ sai
1. In the analysis, all the gaps In the core were compr essed compl eely
“out whereas core compaction tests (1) indicate that not all gaps will
be compressed out in a real core. This Is due to manufacturing
tolerances as well as frictional effects In the corée. -

2. The analysis assumptions were that sticking of the core assemblies
would occur where the assemblies are In their maximum outwardly bowed
conflguration. More realistically the sticking would not occur until .
substantial inwardly directed thermal bowing had already occurred and
forces had begun to build-up between assemblies. . Thus, part of the
bowing reactivity change can be expected to occur gradually which will
be compensated for by Doppler and thermal expansion effects. This
woul d reduce the maximum possible step reactivity change.

3, The Inherent vibrational motion of the core assembl ies when flow Is
passing through would tend to prevent sticking. This would ald In
al lowing smooth translation of the core assemblies In response to
thermal bowing.

1. W. C. Kinsel, "FTR Core Compaction and Withdrawal Tests, " May 1973,
HEDL - TME-7 3~ 58 uc-79 e, g, h.
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4. The comp11ance of" the Toad pads was modeTed for two face Toadlng

: rather_ than multi-face loading. This provides more conservatism
since it predicts more trans]at1on of the core assembly positions

from refueling conditions to:100% power conditions .than if multi-

face Joadings were assumed. This is due to more f]ex1b1]1ty f
the load pads under two face 10ad1ng

5.. Temperature grad1ents used in the thermaT bow1ng anaTys1s are-
~conservative-as described in Section 4.2. 2 Thus, the’ bow1ng
magn1tudes are overpred1cted

15.2.2.2.3 AnaTys1s of Effects and Conseq;ences ,t

The T1m1t1ng cr1ter1a for this event is fuel. cTadd1ng temperature as a
function of" time. Figure 15.2.2.2-1 shows the three sigma confidence level
cladding temperatures for. 30¢ and 60¢ reactivity insertions and subsequent
~ scram of the primary control rods at their normal scram rate. The cladding .
temperature associated with a 60¢ step react1v1ty 1nsert1on is about 1470°F
and peaks in about 0.6 seconds

_ If a secondary scram were reT1ed upon rather than a primary scram’- S
 the maximum cladding temperature woqu g0 to 1510°F (see Section 15.2.2. 1)

" If a seismic event were to 1n1t1ate the st1ck slip event the contro]
rod scram response time would be somewhat slower. However, Figure 15.2. 3.3-5
of Section 15.2.3.3 shows that even under these conditions the three sigma
confidence level maximum cladding temperature is about 1510°F for a 60¢ reac-..
tivity insertion under SSE fauTted cond1t1ons The temperature begins to drop g
after about 1. 2 seconds. : _ o

_ Max imum cTadd1ng temperature is reTated to c]add1ng stra1n T1m1ts in -
Sect1on 4.2.1.3.1.1. Figure 4.2-20 presents the umbrella transient for the
fuel rod cladding emergency event. The umbrella transient is started at: the
two s1gma confidence level maximum cladd1ng temperature but the peak value of
1590°F represents a three sigma maximum to be included in the transient . -

umbrella. The transient umbrella 1nc1udes temperatures above 1510°F for a dur-
ation of about 34 seconds.

_ - As cTadd1ng temperature rises dur1ng a trans1ent event the f1ss1on
gas plenum pressure increases and the cladding stress and strain increase.
In addition, the material strength is decreasing as the c]add1ng temperature -
rises. Trans1ent events where the cladding- temperature remains at elevated :
temperatures for substantial -lengths of time (10 to 20 seconds) are thus more -
limiting than- rap1d transients such as step insertions where a comparable
temperature rema1ns cr1t1ca11y h1gh for per1ods of about 2 seconds or less.

Thus the cTadd1ng temperature effects of a- 60¢ step 1nsert1on are .
within the emergency transient umbrella which g1ves acceptab]e trans1ent strawns’
as descr1bed in Sect1on 4,2.1.3.1.1, -

Ll ’ _]Amend; 9
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15.2.2.2.4 Conclus1on o ," o ' - ' - .(?
A conservat1ve ana]ys1s was’ performed for an un]1ke1y stick-slip
event over the entire.range of bowing transition :corresponding to refueling

~and full power operating conditions. It was found that a step reactivity
insertion of approximate]y 60¢ was'predicted as an .upper limit.

For a 60¢ step insertion maximum c]add1ng temperature would not exceed
1470°F for normal control system SCRAM conditions and would not exceed 1510°F
under SSE conditions. This compares with an allowable temperature of less
than 1600°F for emergency conditions (unlikely events).

Thus, no s1gn1f1cant degradat1on of the c]add1ng wou1d be expected
for a temperature of this magn1tude and durat1on

Ry
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Figure 15.2.2.2:1. Variation of Maximum Cladding Temperature; 100% Power/ Flow,
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15.2. 2 3 Ma]operat1on of Reactor P]ant Contro]]ers

- 15. 2 2 3.1 Ident1f1cat1on of Causes and Acc1dent Descr1pt1on Id77‘

Dur1ng norma] operat1on over the load range, the automat1c contro]
system varies reactor power to maintain system temperatures at. the desired
values. The block diagrams of the overall control system, the reactor control,
and the control rod drive mechanism controllers. are included and- descr1bed in
Section 7.7. Postulated failures in this -equipment would resu]t in power
excursions. Depending on the nature of the failures postulated, the excursion
would be self- Timiting, Timited by action of control rod withdrawal blocks,
or terminated by the shutdown- system. These failures can be effectively

~evaluated by considering the equipment starting with the CRDM controllers and

. work1ng through the remainder of the control equipment. Figure 15.2.2.3-1
~is a simplified block diagram of the key elements. Single failures of control

equipment are defined as ant1c1pated,mu t1p1e fallures of 1ndependent e]ements
are def1ned as Un11ke1y : T

' F1rst fa11ures in the CRDM contro] programmer could resu]t in

-_unwarranted rod withdrawal. Single failures can be postulated which would

result in withdrawal at 9 inches per minute or less. The speed limiter cir-
cuitry acts to positively block rod motion for pulse rates corresponding to
speeds greater than 9 inches per minute.. Single rod withdrawal at 9 inches -
per minute or less results in a reactivity insertion of less than 3¢/second
even if the highest worth rod is assumed at its highest differential worth:
position. -If the control system is in normal automatic mode, the other rods
will move in to compensate for the excursion and no transient results.  If
the control system is assumed inoperative, the rod blocks will- term1nate
motion prior to scram for many of the postu]ated CRDM controller. fa11ures _
If neither the control system nor the rod blocks operate, the scram.system
terminates the results of a 3¢/second withdrawal without exceed1ng the '__'

. operat1ona1 1nc1dent 11m1ts, as d1scussed 1n Sect10n 15 2.1.2.

51|

Mu1t1p1e s1mu1taneous failures within-a CRDM contro]]er or fa1]urp
1nvo]v1ng multiple CRDM controllers simultaneously-are h1gh1y 1mprobab1e
Regardless of the number of CRDM controller failures,.a CRDM s incapable -
of maintaining outward motion at rates in excess of 73 inches. per. minute. At

‘this rate, the centrifugal force on the collapsible rotor arms: plus: the dead

weight .and dynamic forces overcomes the magnetic insertion force and the. rod -
releases. Therefore, the maximum reactivity insertion involving a. s1ng1e rod
is Tess than 20¢/second While this failure is highly 1mprobab1e, itis

“ nevertheless terminated by the PPS without exceeding the mindr:incident. un11ke1y
~ 1imits as necessary, .and in. fact, the results do not exceed the operat10na1

1nc1dent level as discussed in. Sectwon 15.2.3.5..

‘ Fa11ures of multiple individual CRDM contro]]ers and postu]ated fa11-
ure of the sequences produce the same effect. Several rods.are withdrawn.
in the staggered steps characteristic of sequence operatlon < Since the con-
trol system is rendered inoperative by the postu]ated sequencer fa11ure“ﬁno

: _ Amend 51
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- remedial action s available t'h'rough'nérma'T control. However the rod blocks™ ‘ '

- funct1on independently of the sequences and 1imit the mamnitpde of the excur- -

. sion by stopping outward motion. If ‘the additional failures of ‘the. rod block - - = (f

- circuits are postulated, the sequences are rate limited to prevent w1thdrawa1s

corresponding to 5¢/second or more from the banked rods. Therefore, single
failures of the sequencer plus failure of the rod blocks ‘result in an.excur- -
‘sion limited to 5¢/second which is term1nated by the PPS within the 11m1ts of.
an operat1ona1 ‘incident.

_ Postu]atlng the concurrent fa11ures of the sequencer and -its 11m1ts
circuits and the rod-blocks results in 7 rods moving-out but Timited to
9 inches per minute withdrawal rate. This corresponds to less than 20¢/
second and is terminated by the PPS within the minor incident 1imits (actu-
ally with the operational incident 1imits). Additional postulated failures
“are not phys1ca1]y rea11st1c since four 1ndependent fa11ures have’ a]ready been :
.postu]ated ' : : AR

A : Fa11ures W1th1n the contro]]er equ1pment in front of the sequencer
cannot result in transients more severe than the multiple failure case speci-
fied above. The speed 1imits. and rod -blocks which are independent of the -
control equipment provide assurance that unlimited w1thdrawals do not occur
as a resu1t of s1ng1e fa11ures w1th1n the system .

15. 2 2. 3 2 Ana1y51s of Effects and Consequences

7 The ana]ys1s of ‘the 5¢/second ramp 1nsert1on is descr1bed in Sec—- L
tion 15.2.1.4. Based on these results, the first line protection termma_tes ' .
‘the transient’ within the operat1ona1 incident limit. The ah&]ysis of the . _ (i
20¢/second ramp insertion is described in Section 15.2.3.5. The results show SN

that the trans1ent is’ terminated within the m1nor 1nc1dent 11m1ts B L

v15 2 2 3 3 Conc1u51on

o Mu1t1p1e 1ndependent failures of contro] equ1pment do not ‘cause .
" reactivity insertions larger than 20¢/second. These 1nsert1ons are termlnated“ D
W1th1n appropr1ate ]1m1ts by -PPS act1on as shown 1n 15.2.3:5. Ch
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15.2.3 Extremely Unlikely Events

15.2.3.1 Cold Sodium Insertion

15.2.3.1.1 Identification of Causes and Accident Description

~ Sodium is supp]1ed to the reactor -vessel either by the coo]ant makeup
system or the. three primary loops. The reactor coolant make-up system removes
and ‘returns sodium to the outlet plenum. - It can be operated either as a
 make-up flow system or as an overflow heat removal system (DHRs) In the
make up flow operating mode the inlet and outlet temperatures of" the sodium
are approximately the same. However, in an DHRS operating mode the return
~ | temperature could be approximately 350°F less than the overflow coolant tem-
51 perature (see Section 5.6.2 for deta1ls) The DHRS is only operated during
shutdown (with decay heat generation in the core) with the control rods fully
inserted. The insertion of cold.sodium into. the core with contro1 rods fully
_in does not institute a react1v1ty 1nsert1on prob]em _

_ With respect to the pr1mary 100ps, the accidental startup of an
inactive loop while on two loop operation is the only potential source for -
“introducing a s1gn1f1cant amount ‘of cold fluid suddenly into the reactor
vessel lower plenum. If one loop is not operat1ng, it could contain sodium
with its temperature as low as 400°F. Flow of this sodium into the reactor
could cause a substant1a1 reduction in the average core coolant . temperature

The startup of an inactive loop is prevented by adm1n1strat1ve pro-
cedures, interlocks, and PPS functions. Only three sequences for startup
of the inactive loop can be identified: (1) the primary pump is incorrectly
started; (2) the intermediate pump is incorrectly started followed by an
attempted incorrect start of the primary pump; or (3) both pumps are
simultaneously started. In any case, the PPS acts to shut the piant down.

For the case where a pr1mary pump 1s 1ncorrect1y started wh11e the
plant is opérating at power on two loops, the primary to intermediate speed _
ratio trip subsystem causes plant shutdown as soon as the primary pump reaches
a_predetermined speed. Assuming the other loops are operating at 100% flow,.

the check valve on the shutdown Toop remains closed (for the short time inter-.
val before the trip signal occurs) due to the high pressure on the downstream
side and no cold sodium can be inserted. Furthermore, the primary to inter-
mediate flow ratio subsystem initiates a trip when the primary flow in the.
shutdown loop reaches a fraction of full flow and provides an independent back-
up to the trip. Even if flow is initiated in the shutdown loop, the rapidity
of the trip and the system time constants prevent significant cold sodium from .
reaching the core inlet prnor to scram. ‘In both the speed and flow rate trip -
subsystems the startup permissiveis blocked, thereby activating the trip when
the reactor is above 5% full power. If an. 1ntermed1ate pump is started, both
of the aforementioned subsystems cause a trip at approx1mate]y the same time.
However, no cold sodium insertion can occur because the primary pump - 1n the
shutdown loop has not been started :

,Amend§h51f'
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De11berate operator coord1nat1on wh1ch v1o]ates severa] adm1n1strat1ve

procedures, is required to start both the primaryand- the intermediate pumps
of. the shutdown loop s1mu1taneous]y The resulting flow and pump speed’ E
increases are not identical in the two loops because the primary pump must =

operate against the back pressure of the two operating: loops. Consequently,

the primary to intermediate speed ratio. subsystems operate to produce reactor
shutdown and thus prevent the co]d sod1um 1nsert1on

15 2.3.1.2 Ana]ys1s of Effects and Consequences

io demonstrate the 1nherent safety margins ava1]ab1e the etfect of -

A:cold sodium insertion to the core was studied. It must be emphas1zed that
S in actua11ty PPS action would occur (as described earlier) preventing the
‘accident. Initial two loop at two thirds fu11 operat1ng power and flow was

-~ assumed.

_ The shutdown loop was considered to. contr1bute one-third of the tota]
flow when it is started. Since the highest power fuel assembly occurs at the:
bed1nn1nq of- equ111br1um (BOEC)., the trans1ent was analyzed for this worst
period in core life. Justification for the use of this "worst" situation is

- found in 15.2.1.4.2. For scram the h1ghest worth rod was assumed to be stuck

‘and the shutdown worth of the control system was reduced by the appropriate -
. amount. - The primary control rod system was assumed to trip-at 115% operating
power.* The secondary system trip would be at a 1.30 power-to-flow ratio.
As will be shown in the ensuing discussion, the power ~does not 1ncrease suff1-

ciently to reach this secondary trip Tlevel.
: As the temperature ot the sodium coolant enter1ng the reactor core

decreases, the resulting higher density would produce an. increase in reacti-.
vity. Also, since the fuel temperatures decrease initially, an additional -

~reactivity increase results from the effects of the Doppler coefficient. In -~

the ana]ys1s, it was assumed that the. cold sodium mixes perfectly with the -
- hot sod1um in the inlet plenum.  For conservatism the: sodium ‘inlet tempera-
~ture was assumed to drop to 624°F (although this cannot phys1ca11y occur).
and remain at this value throughout the transient. ~Although it is phys1ca]1y
impossible for the flow to increase. instantaneously to its normal full flow.
~ value, this assumption was conservatively made for the analysis. This resu]ts
- in- the largest rate of sodium cool-down for the core. The Doppler coefficient
was taken to be its maximum value of -0.0074 which corresponds’ to beg1nn1ng
of equilibrium cycle core conditions. This results in slightly more pessi-
mistic conditions that if one were to use the minimum Doppler coefficient

""that is assumed in the reactivity insertion events described in Section 15. 2

The sodium density coefficient was taken.to be that of beginning-of-cycle
(BOC1).. Since sodium density feedback is. small compared to Doppler feedback .
‘(see Section 4.3.2, the effect of not’ us1ng the actual BOEC values would

be small. The ana]ys1s was performed us1ng the FORE IT computer code

(see Append1x A) v '

o Figure 15.2. 3 1 1 shows the behav1or of- the re]at1ve reactor power
with time after initiation of the transient. ' Primary control rod system
scram js observed to occur’ very ear]y in the trans1ent at approx1mate1y

*This assumes . the trip is reset from 1ts fu]] power value when operat1ng at
reduced power. _ 7 |

.“I’Cf
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2.6 seconds after initiation of the tfahs1ent . Under this condition, the
reactor reaches about 76% of full power before shutdown (initially the power

is 67% of full power). Secondary control rod: system scram would not occur

since a power-to-flow ratio of ] 3 is not reached (after 50 seconds the
ratio is about 0.9).

" Figures 15.2.3.1-2 through -5 give the effect of the transient on
the maximum fuel, cladding, and coolant temperatures. These temperatures are
given for their respective hottest positions which are at the center of the
active core for the fuel and near the top of the active core for the cladding
and coolant temperatures. The maximum fuel temperature resulting from the
transient is observed to remain below the normal full power operating tempera-
ture. The rise in fuel temperatures resuits from the increased power due to
the small positive reactivity effects produced by the Doppler coeff1c1ent and -
the higher density of the sodium coolant.

In contrast to the slight rise in fuel temperatures, the transient
produces a rapid decrease in cladding temperatures. Figure 15.2.3.1-3 shows
the variation on the maximum cladding temperature at the top of the active
core. As can be seen, the cladding is at its highest temperature for the
transient at the initiation of the event.

The transient behavior of the maximum coolant temperature is shown in
Figure 15.2.3.1-5. The behavior of the coolant temperature follows that of
the cladding temperature. The coolant temperature can be observed to remain
below the 1296°F value it would have for the case of steady state full power
operation throughout the transient.

The time constant for the sodium to return to the fuel assembly inlet
region after passing through the core, outlet and inlet plena and primary loop
is on the order of 60 seconds at full flow. The sodium returning to the fuel
assemblies could have an increased inlet temperature from the 624°F value.

- Thus, the reactor power would decrease due to the increased inlet temperature

effects (via sodium density coefficient and Doppler feedbacks)
15.2.3.1.3 Conclusions

Sudden insertion of cold sé&ium to the CRBRP core cannot occur even

if both the primary and intermediate pumps on a shutdown loop are started
- simultaneously, or if the intermediate pump is started followed by an attempted

startup of the primary pump, or if the primary pump is incorrectly started.

. If startup is attempted the plant protection system acts through the primary

to intermediate flow ratio and speed ratio subsystems to produce reactor
shutdown.

Although scram would occur _before co]d sodium could enter the core,
a hypothetical analysis showing core results if cold sodium could be inserted
was presented to demonstrate the plant s safety margin. Core power and tem-
perature changes were shown to be minor even without a scram occurring for

50 seconds. In fact, the cladding temperature remains at least a hundred degrees

Tower than its 1n1t1a] steady state temperature before the accident. - It must
be emphasized that the. transient temperatures shown would not actually be

" incurred on the reactor due to the PPS act1on
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15. 2 3.2 Gas Bubb]e Passage. Through Fuel Radiaiiélanhet:and“Controti S
Assemb11es - o o

15 2.3.2.1 Ident1f1cat1on of Causes and Acc1dent Descr1pt1on

The neutron1c character1st1cs of the CRBRP core: are such. that vo1d1ng

of the coolant in the central core region creates a positive .reactivity effect,

whereasAvo1d1ng at the core per1phery creates a negative reactivity effect.

The reactivity worth of the central, positive worth region is greatest.

at the end of the equilibrium cycle.. Table 15 2.3.2-1 shows the worth of various ”

rows of the core as a function of axial position-for this time in core life.

The void worths shown in this table and the uncertainties in these values are d1s#

cussed in Section 4.3.2.3.2. As can be seen, the last row of fuel assemblies
(Row 9) and all the rad1a1 blanket rows. have a negat1ve void worth for- a11
pos1t1ons . : _

. Voids in port1ons of the core may be postu]ated to arise from sudden
large ruptures of fuel pins releasing fission product gases, or from bubbles

_ which. -originate in the heat transport system (e g., argon cover gas) and enter

the reactor. Voids from each of these sources are either _extremely uniikely.."

. or inconsequential or both. "As will be discussed in detail in Section 15.4,

Local Failure Events, the failure of a pin releasing a large burst of gas is .
unlikely. Bubbles of any significant size cannot be formed in the heat trans-
port System since entra1nment and hold-up of gas in the primary system is

1nh1b1ted by the des1gn

The heat transport system 1ncorporates des1gn features to prec]ude
gas bubbles from enter1ng the core. These 1nc1ude

"a. Vents provided to eliminate poss1b1e gas pockets that may form
dur1ng sod1um fill. v :

b. A low cover gas pressure. which: ‘reduces -gas entra1nment

c. A cont1nuous bleed from the top of the IHX to prevent. accumu]at1on
- of gas dur1ng operat1on is prov1ded

d. The Pr1mary Pump is des1gned to e11m1nate vortexing and gas
- entrainment.

e. A h1gh fluid ve]oc1ty in the p1p1ng between the pump d1scharge
and the vessel ‘inlet m1n1m1zes the poss1b111ty of gas.
ﬂ“entra1nment

_f} A vortex suppressor at the opt1mum depth to prevent gas entra1n-
ment is 1ocated in the outlet plenum . :

g. One or more holes with spec1a1 pressure reducers will be pro—'

vided in the core support cone to vent gas from underneath the
- cone. '
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‘were to reach the reactor inlet plenum, turbulence would result in dispersion

Exper1ments have shown (Ref 1) that in the. FFTF, it a: s1gmf1cant Size. bubb]e - ‘

of the bubble into small bubbles before entry into the core and that large

_ coherent bubbles entering the core are impossible. These small bubbles .could

only slightly reduce the coolant density with very little effect on reactivity.
Due to the similarity in the inlet Pplenum-design it is-expected that similar

-resu]ts would be obtained for CRBRP; however, tests as.described in Sec- ’ v "?
. - 19

tion 1.5 w111 ‘be made for the CRBRP design.

Despite the. demonstrat1on of bubble breakup, and the design features d

- outlined, which results in extremely low probability of a void of s1gn1f1cant

size occurrlng in the core, an analysis of bubble effect has been performed,
covering a range of bubble sizes which are well 1n excess of any cred1b1e

:bubb]e s1ze

15.2.3.2.2 Analysis of Effects and Cbhseduencés'”" .

-An ana]ys1s was performed to determine the effects of postu]ated

‘coherent ‘bubbles of given initial height (treated as .a parameter) which

occupied all of the fuel assemblies in Rows 1 to 4 or Rows 1 to 8 (also treated
as a parameter) Radial sizes were conservatively assumed not to extend
beyond Row 8 since this is the.last. row.of positive void worth. The gas slug

‘was assumed to form at the bottom of the lower. axial blanket and move uni-

formTy. through the core with a speed equal to the average flow. velocity. . o
It first passes through the. negative void. region, then into the. positive reg1on . .

- and f1na11y into the top negative reg10n_(see Table 15 2. 3 2-1).

Since the h1ghest power fuel assemb]y occurs.at the beginning-of-

Aequ111br1um cyc]e (BOEC), the transient.was analyzed for this part1cu1ar
‘worst period in core life. Justification for the use of this "worst" sit- o
uation is found in 15.2.1.4.2. "A minimum value Doppler coefficient of 128

-0.005 was used for this core condition. As indicated earlier,:the worst
case void worths are for the end of equilibrium cycle; thus, these conserva-
tively used for the study. Analyses were performed for both primary and

"fsecondary control rod shutdown.. Scram with the primary control rods was

52 1

" taken at 15% overpower and at a power-te-flow ratio of 1.30 for the sec-
.ondary control rods. For both systems, the maximum worth control assembly

was assumed to be stuck and the shutdown worth was decreased by the appro-.
priate amount. Figure 15.2.3.2-1 shows the trans1ent void reactivity that wou]d be

-experienced by the core for various size bubbles. Flgures 15.2.3.2-2 and
15.2.3.2-6 show the variation in reactor power for primary scram and second-.

ary scram, respectively. F1gures 15.2.3.2-3, -4, -5, -7, -8 and -9 show the

- maximum fuel, ctadding and- coolant temperatures for the fue] assemblies with -

“the respect1ve scrams. These maximum temperatures occur at the center of
active core for the fuel, at the top of active core for the cladding .and at
" the exit from the upper. axial blanket -for the coolant temperature. These

' :temperatures occur due to the effect of the reactivity: insertion of the bubb1e_hd
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on core power and assumes sodium remains in the subchannels. The additional
temperature effect due to the gas bubble blanketing will be discussed later.
Figure 15.2.3.2-10, -11 and -12 give maximum fuel, cladding and coolant tem-
perature of the hot pin in the highest power radial blanket assembly for a

4 inch -8 row bubble. As cancbe seen the results are much less severe in the -
radial blanket. A 4 inch -8 row bubble is seen to produce fa1r1y 1ns1gn1f1—
cant temperature increases in the fuel assembly (less than 35°F increase in.
cladding temperature). This size bubble (conta1ns over 3 cubic feet of gas

at the inlet) should be well beyond the :size considered, even on a hypotheti-
cal bases, since as indicated in Section 15.2.3.2.1, there is essent1a11y

no source for coherent bubbles of even a small fract1on of its size. As can
be seen by comparing the primary and secondary scram figures, there is very
little difference between the results. The reason for this effect is that the
reactivity perturbation due to the transient is about over before the control

rods begin insertion (reactivity insertion due to a bubble is over in less than,v_

0.3 second). Figure 15.2.3.2-13 gives the maximum c]add1ng temperature _
increase due to the insulation effect of the bubble passing along the cladding
- surface. These temperatures were calculated using the transient reactor power
changes and the analysis conservatively assumes that all the heat lost from
the fuel goes into increasing the cladding temperature. The conservatism is
in part based on the fact that some film of sodium will adhere to the clad
surface which will provide heat removal during bubble passage. For a 4 inch
-8 row bubble, the cladding temperature increase due to the blanketing can be
seen to be less than 33°F. The total increase in cladding temperature for this
size would be this temperature rise added to the 35°F increase found from the
FORE-II analysis (which considers the temperature rise if coolant flows along
the entire pin length and the reactor power changes as shown by Fig-

ures 15.2.3.2-2 and 15.2.3.2-6).

15.2.3.2.3 Conclusions

As discussed above, there. is no identifiable source that would pro-
duce large coherent gas bubbles in the CRBR Primary Loops, and even if there
were, a large bubble would be dispersed in the inlet plenum. Various size
bubbles were analyzed, however, to show their effect on the CRBRP core.

It was found that a bubble even as large as 4 inches -8 rows would
cause rather minor consequences to the cladding (a maximum temperature
increase of about 68°F). The maximum cladding temperature increases found
to result for the various cases are given in Table 15.2.3.2-2. There is
1ittle difference between the results for primary and secondary scram since
the reactivity perturbation is almost over before the control rods begin
insertion. None of the limits for extremely unlikely events in Table 15.1.2-2
would be violated by this transient. A description of how this type of event
is incorporated in the pin cladding structural design evaluation is g1ven in

Section 4.2.1.3.

Reference

1. J. Muraka, et al., "Gas Bubble D1spers1on Test Reactor Inlet Mode1"
HEDL-TME 71-69, May, 1971
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TABLE 15.2.3.2-1

END OF EQUILIBRIUM CYCLE:SODIUM VOIDING REACTIVITYvAK/K/Cm3 X 108-
aZ o ‘ R
Inches Row 2 Row 3 Row 4 Row 5 Row 6 Row 7 Row 8 | Row 9 ~ Row 10 Row 11 Row 12
| 3.194 -0.0084 -0.0083 -0.0036 | -0.0051 | -0.0058 -0.0030 -0.0034 | -0.0035 | -0.0001 0.0 - : 0.0
3.841 -0.0266. -0.0285 -0.0172 | -0.0197 | -0.0205 -0.0116 -0.0135 | -0.0146 | -0.0014 -0.0003 0.0
3.517 | -0.0967 -0.1042 -0.0858 | -0.0865 | -0.0849 -0.0629 -0.0721 | -0.0672 | -0.0082 -0.0016 =0.0003
2.518 -0.2819 -0.2925 | -0.3700 | -0.3003 | -0.2762 -0.2796 -0.3089 | -0.2562 {-0.0369 -0.0057 -0.6011
2.568 -0.2637 ?-0.3095 -0.2890 | -0.3401 | -0.3410 -0. 3311 -0.4825 | -0.5287 |-0.0998 -0.0154 -0.0034 .
2.568 0.2309 0.1897 0.1999 0.1194 0.0548 -0.0172 -0.2524 | -0.5183 | -0.1349 -0.0212 | -0,0045
3.543 0.8927 0.8637 0.7882 0.7205 0. 6049 0.4255 0.0579 |-0.4611 |-0.1641 | -0.0274 | -0.0063
2.793 1.5913 1.5649 1.4217 1.3458 | 1.1828 0.8914 0.3741 | -0.3684 | -0.1787 -0.0086 | -0.0085
2.793 2.0440 2.0138 1.8435 1.7541 1.5595 1.2038 0.5754 | -0.3192 | -0.1854 -0.0338 | -0.0093
2,793 2.3387 2.3077 2.1181 - 2.0184 1.8023 1.407 0.7063 | -0.2902 |-0.1905 -0.0343 .. -0.0096
1.862 2.351 2.4000 2.2211 2.1162 1.8911 1.4817 0.7533 | -0.2803 | -0.1921 -0.0342 -0.0096
2.793 2.4232 2.3600 2.1914 2.0846 1.8596 1.4550 '0.7338 | -0.2838 |-0.1903 -0.0339 | f0.00§5
é.793 ‘ ‘2.2253 2.1400 2.0013 1.8962 1.6819 1. 3049 Q.6331_ -0.3634 1-0.1839 -0.0329 f—0,00QZ
2,793 1.8610 1.6800 | 1.6570 1.5586 1.3656 1.0384 0.4572 | -0.3380 |-0.1735 -0{0312. .-0,0085
3.624 1.2382 1.2019 1.0862 1.0031 0.8487 0.6130 0.1815 —0.3974 —0.1552 -0.0276 -0.0071 .
2.718 0.5959 0.5603 0.5048 0.4283 0.318] 0.1766 -0.1189 | -0.4488 -0.1283 -0.0227 -0.0056
2,718 0.5812 0.0526 0.0620 .0.0221 -0. 0880 70.1455 -0.1673 | -0.4736 | -0.0996 -0.0162 -0.0049
4.683 -0.590 -0.0753 -0.0676‘ -0.1047 | -0.1291 -0.1546 -0.2392 | -0.2350 |-0.0349 " | -0.0065 -0.0015
4.683 | -0.0596 -0.0585 -0.0579 | -0.8608 | -0.0605 | -0.0670 -0.0740 | -0.0557 | -0.0070 -0.0016 -0.06004
4.683 -0.0621 -0.0576 -0.0544 | -0.0508 | -0.0436 -0.0377 | -0.0299 | -0.0176 |-0.0024 -0.0006 | -0.0002

Note: AZ increments start at bottom of Tower ‘axial blanket positions and go to top of ubper axial blanket.
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- TABLE 15.2.3.2-2

MAXIMUM CLADDING TEMPERATURE»INCREASE DUE TO
VARIOUS SIZE LARGE BUBBLES PASSING THRU CORE

Height of Assembly Row

 Max. Cladding Temp.,Intrease
- at Hot Spot, (°F) .

Vo]ume at
Inlet (Ft3)

4 inches

8

8 inches 4
4 inches 4
8

1 inch

63
65
35
14

3.1
1.1

0.6
0.8

S
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15.2.3.3 Seismic Reactivity Insertion (Fuel, Radial Blanket and Control Rod
Assemblies) - SSE - . ‘

15.2.3.3.1 Identification of Causes and Accident Description

For the Safe Shutdown Earthquake (SSE) several conditions exist that
compound the severity of the event. First, the earthquake can produce a loss
of off-site electrical power causing a loss of power to the pumps and conse-
quently a decay of the primary coolant flow. Second, the acceleration forces
of theearthquake can cause compaction of the core due to closing of radial
gaps between the assemblies at the above core load pad (ACLP) position. This
can result in a net positive step reactivity insertion to the core. Third,
when the control rods are scrammed, the rate of inward motion is decreased
from the-normal rate due to a retard1ng force resulting from seismic induced
impacts of the control rod assembly duct and driveline on surrounding guide
structures.

The first two subsystems initiate automatic reactor scram (the oper-
ator can also initiate scram). Once power to the pumps is lost (it is assumed
that the pumps remain operable following an SSE) a loss of electrical power
(LOEP) trip system initiates scram after a 0.5 second delay.- If a step
reactivity insertion occurs the pr1mary rods are scrammed when the reactor
reaches 115% of full power.

The worst combination of the above events with respect to core tem-
peratures during the SSE would be to assume that a step reactivity insertion
occurs 0.5 second after the power to the pumps is lost. If the step occurs
earlier than this the core flow will be at a higher level when the control rod
insertion begins and the resultant temperatures for the event would be lower.
This is due to the fact that for steps on the order of 30¢ the power rises
very rapidly (in less than 0.1 second) and thus scram would be initiated by
the 15% overpower condition almost instantaneously. If the step occurs later
then 0.5 second the signal due to LOEP would have already started the plant
protection system scram and the reactor power would be dropp1ng below its
initial value at the time of the reactivity insertion and again less severe
temperature conditions would result.

15.2.3.3.2 Analysis of Effects and Consequences

Since the highest power fuel assembly occurs at the beginning-of-
equilibrium cycle (BOEC), the transients were analyzed for this particular
worst period in core life. A minimum value Doppler coefficient of -0.005 was
used for this core condition. This value is obtained by decreas1ng the nomi- |
nal Doppler coefficient by 20% for uncertainties as discussed in Section 4.3. 2.3.
Scram was taken at 15% overpower, [Note: For the worst case chosen both the
15% overpower trip and the LOEP tr1p would cause the control rod insertion at
nearly the same time as discussed in Section 15.2.3.3.1.] The maximum worth
control assembly was assumed to be stuck and the shutdown worth was decreased
by the appropriate amount. . :
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. Figure 15.2.3.3-1 shows the normal insertion rate and the seismic
insertion rate for the primary rods. These insertion rates were calculated ‘
with. the CRAB code (descr1bed in Section 4.4.3) using the seismic force-

time history curves in Section 3.9.3. As can be seen, at the BOEC the

primary rods are banked such that some are 11", 23" and 36" withdrawn while

at full power. Also, it can be noted that the earthquake causes only about a

0.32 second increase in scram- time for an initially fu1]y withdrawn control

rod to be inserted its fu11 36".

An analysis of various size step insertions occurr1ng dur1ng the SSE -
has been performed with FORE-I1 (Ref. 1) (see Appendix A). The results of a
parametric range of step insertions up to 90¢ are shown by Figure 15.2.3.3-2.
Figures 15.2.3.3-3 to -6 show the variation in reactor power and fuel assembly
hot pin maximum fuel, cladding and coolant temperatures (with 3¢ hot channe]
factors). A _

The size step insertion that would be expected to occur dur1ng‘the SSE
has not been determined yet since it is a complicated study involving such

- effects as the thermal expansion of all the assemblies at their discrete

temperatures, swelling of the assemblies, manufacturing tolerances and gap
restrictions imposed by the core restraint system- of the assemblies. This
information goes into determining assembly bowing profiles and interassembly
loads and gaps due to the earthquake forces. It can be seen from Fig-

ure 15.2.3.3-2 that, even if a step insertion as large as 60¢* should occur,
the maximum cladding temperature would be less than 1505°F. The duration of
the cladding temperature above its initial steady state value for this case.
would be about 1.0 second.

~ Several runs for the SSE were also made for the highest power radial
blanket assembly. For a 60¢ step, the hot pin maximum cladding temperature
was Tess than 1370°F. The radial blanket hot pin maximum temperatures for 60
and 90¢ steps are g1ven by Figures 15.2.3.3-7, -8 and -9 for the fuel,

" cladding and coolant.  The second temperature. peak on Figure 15.2.3.3-8" s due

to.the slow release of internally stored heat in the radial blanket pins (i.e.,

‘radial blanket pins have a 0.52" 0.D. as compared to 0.23" for fuel pins)

relative to the flow decay when the primary pumps are tr1pped

As indicated in Section 15.1, parametr1c studies were performed to

- show the effect of using "minimum required" primary control rod shutdown rate

values instead of the "expected" values (both having the highest worth rod

- assumed to be stuck). The temperatures described thus far in this section

have been based on the expected rates of shutdown worth which, as described in -
this earlier section, are felt to give the more realistic evaluation of the
transient. Figure 15.2.3.3-10 shows the fuel assembly hot spot cladding tem-
perature for the two cases. As can be seen, for a 60¢ step the maximum tem-
perature would increase from about 1505°F to 1570°F. As described in Sec-

tion 15.1.2, the most 1im1ting cladding temperature requirement for an
extremely unlikely event is that no sodium boiling is allowed to occur. In
order to achieve sodium saturation temperature during the SSE the cladding

V_ temperature must be in excess of 1700°F.

*The value calculated for FFTF Under these conditions was 35¢.

_ S ' Amend. 61
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15.2.3.3.3 Conclusions

A conservative analysis was performed for the extremely unlikely
event of an SSE considering the compound effects of core flow decay due to
"loss of power to the pumps, step reactivity insertion due to changes in core
configuration and the decrease in the control rod insertion rate.

It was found that, even if a 60¢ step reactivity insertion occurred
for the SSE, the fuel assembly maximum cladding temperature would not exceed
1505°F using expected primary control rod shutdown rates. Although an allow-
able consequence of an extremely unlikely event such as the SSE is cladding
failure up to loss of in-place coolable geometry, -no significant degradation
of the cladding or failure would be expected for a short term temperature rise
of this magnitude. In the long term it is assumed that the pumps remain
- operable following an SSE and adequate cooling is prov1ded to the core. A
description of how.this type event is incorporated in the pin cladding struc-
tural design evaluation is given in Sect1on 4.2.1.3.

NS
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15.2.3'4 v
15.2.3.4.1 ldentificatlon of Causes and Accldent Descriptlon

For this event, It Is assumed that the reactor has reached criticality. To. -
reach criticality at any tIme In the CRBRP core, It Is flrst-necessary to - . -
completely wlthdraw the six secondary control rods In Row. 7 as well as. the two: -
Row 4 primary startup rods (See Sectlon 4.3.2,5). Then to ascend to -power
requires withdrawal of the remaining primary control rods. which are normal iy,
sequentially moved to keep them at nearly the same level. The maxlmum e
withdrawal speed Is about 9 ipm which can cause a maximum reactivity Inserflonv
to the core of 2.4¢/sec as dlscussed In Sectlon 15.2.1.1 (as an anticipated
reactor event). A description of the low probabliity of this evenf was also
glven in that section.

Desp!fe the fact that a contlnuous rod wlfhdrawal lnclden+ Is very lmprobable,~'

the event was analyzed assuming additional fallures resuiting in.a wlfhdrawal .
rate approximately equal to the maximum mechanical speed. capablllfy of the:’
CRDM. * This maximum rod speed s approximately 73 1pm above which: +he CRDM
roller nut will disengage from the lead screw -(due to. cen+rlfuga| force) -
resulting In a drop of the rod. To reach a-speed near 73:1pm multiple -
Independent fallures of the CRDM-controller would have to be postulated to-
produce a very high pulse rate. As discussed In Section 15.2.1.1, the
electronic loglc circult that stops the rod when the maximum design wlth-
drawal speed Is reached would have to be invalidated. A maximum ramp
Insertion to the core of 19 /second could occur as the rod passes the core
midplane (considering the hlghest worth control rod). Thils Is an extremely
unl Tkely fault, '

15.2.3.4.2 AnaJ.uLs__o_LEﬂ.es:ts_.and_Qms.e.quﬁns.es

To analyze the effecfs of a continuous rod withdrawal at startup, fhe reactor
was assumed to be Initially operating with a very small power generation of 1
Mw, 600°F reactor Inlet temperature and 40 percent of full flow. Beginning of

‘equil ibrium cycle core conditions were modeled. - The minimum Doppler

coefficient of ~0.005 was used for the core. This value Is obtalned by
decreasing the nominal Doppler coefficlent by 20§ for uncertalinties as
discussed In Section 4.3.2.3. Continuous ramp reactivity Insertions of 10 and
20 /sec were studied with the FORE-I| computer code (see Appendix A).

The secondary control rod system was used for shutdown in the studles (with

the maximum worth control assembly assumed to be stuck). Trip was taken at 56
percent full reactor power which adequately accounts for the flux to total

flow subsystem performance at this reduced power and flow level. This setting
corresponds to a power-to~flow ratio of 1.4. Primary system actlon would be
Initiated based on Flux - Pressure at approximately the same time. However,
since the response of the primary rods Is faster, the resulting transient Is
less severe. [Note: At full power and low, the seondary control rods would
be tripped at a power-to-flow ratio of 1.3]. _

Amend..76
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F1gures 15 2 3 5- 1 thru 4 show the var1at1on in reactor power and
fuel assemb]y hot.channel. {with 3¢ hot channel factors) maximum “temperatures -
for the fuel, cladd1ng and coolant. ‘A maximum cladding temperature of about :
800°F was attained for: Q 20¢/sec reactivity .insertion. -Asican-be- seen, -higher -
cladding temperatures are exper1enced for smaller’ ramp 1nsert1on rates The
19¢/sec insertion would thus result-in-slightly higher temperatures.: The
reason for this effect 'is that 'the slower reactivity insertion rates. a]]ow R
more energy. to-be. generated in .the core ‘before the trip signal-occurs. . [Note::
Section 15,2.1.1 presents results for even-smaller reactivity- 1nsert1on rates -
_ Correspond1ng analysis.of the highest power radial blanket assembly -hot pin-
results ‘in temperatures S1gn1f1cant1y 1ower than those for the fue1 assemb]y

hot- p1n _ ‘
15.2. 3 4 3 Conc]us1ons

The extreme]y un11ke]y event of a control rod w1thdrawa1 at 1ts maxi-

mum mechanical speed was. ‘analyzed for the core at startup conditions. - A maxi-i-

© mum c1add1ng temperature of the fuel assemb]y hot pin-of- about 800°F was found
- to result.. “Since the normal. full power. maximum temperature: at the -same posi--
tion is.over 1400°F, the transient should not produce any significant additional
degradat1on of: the cladding.. A:-description of how this type event is incor-.
porated in the. p1n cladd1ng structura] design - eva]uat1on is q1ven 1n i
Sect1on 4,2. 1 3 : . - _ :
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51

15.2.3.5 Control»Assemb1y~w1thdnawa1 at'Power-Max1mum Mechan1ca1 Speed

15.2.3.5.1 Ident1f1cat1on of Causes and Acc1dent Descr1pt1on

During full power reactor operat1on the 1n core pr1mary contro]
rods can be moved by. the automatic control system or manually by the operator
The maximum design withdrawal speed . is about 9 dipm which can. cause a maximum .
reactivity insertion to the core of.2.4¢/sec as discussed in Section 15.2.1.2
(as an anticipated reactor event). A description of the inherent safety fea-
tures employed by the. reactor control system to mitigate the consequences. of -
a contro] assemb]y w1thdrawa1 at power 1s also presented 1n Sect1on 15 2 1.2.

Desp1te the fact that a cont1nuous rod withdrawal 1nc1dent is- very .
improbable, the event was analyzed assuming additional ‘failures resulting in
a withdrawal rate equal to the maximum mechanical: speed capability of the CRDM.
This maximum rod speed is approximately 73 ipm above which the CRDM roller nut
will disengage from the lead screw (due to. centr1fuga] force) resulting.in a

- drop of .the rod To reach a speed near 73 ipm, multiple independent. failures |

of the CRDM contro]]er would. have to be postulated to produce a very high pulse
rate. Also, as indicated in Section 15.2.1.1, the electronic logic circuit
that stops. the rod when the maximum design speed is reached would have to be

~invalidated. A maximum ramp insertion to the core of 19¢/sec could occur as

the rod passes the core midplane (the h1ghest worth control rod)

15.2.3.5.2 Ana]ys1s of Effects and Consequences

To analyze the effects of a continuous rod withdrawal at power, the.
reactor was assumed to be initially operating at full power at plant thermal/
hydraulic design conditions. Beginning of 1life and equ111br1um core cond1t1ons-
were modeled. The minimum Doppler coefficient (This value is obtained by '
decreas1ng the nominal Doppler coefficient by 20% for. uncertainties as dis-
cussed in Section 4.3.2.3.) of -0.005 was used for the core. .Continuous ramp
reactivity insertions of 10 and 20¢/sec were studied with the FORE-II computer
code (see Appendix A) to simulate a range around the postulated insertions.

A11 operator and automatic corrective actions were neglected and reactor shut-

“down occurred due to scram.

Both the pr1mary and secondary contro] rod. systems were studied

' separate]y for their shutdown capability. with the maximum worth control assem-

bly assumed to be stuck. For scram with the primary control system, 15%
over-power was used for the trip; scram with the secondary systems used a -
trip from a power-to-flow ratio of 1.3. A 200 millisecond period was taken
for the delay between the trip signal and the beg1nn1ng of contro] rod
1nsert1on

Amend; 51
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F1gures 15.2.3.6- 1 through 4 show. the var1at1on in’ reactor power and .
fuel assembly hot channel (with 3¢ hot channel’ factors) maximum- temperatures : ' r:
for the fuel, cladding-and coolant. - As in Section 15.2.1.2; data: are-.given’

for both primary and secondary. control rod system shutdown. ~The maximum .
-cladding temperature -attained for a 20¢/sec reactivity 1nsert1on is only about |
1420°F for primary scram-and 1460°F for secondary scram. “As. can be seen,:
slightly higher c]add1ng temperatures can be exper1enced for sma]]er ramp -
insertion rates.. The reason for this-effect is that the slower rate a]]ows

more core energy to be developed before the tr1p signal occurs. Fig- .. .
ure 15.2.3.5-4 ‘indicates, however, that there is very little difference = o
between the maximum cladding temperature for the 10 and 20¢/sec cases. Corres-
ponding analyses of the highest power radial blanket assembly hot pin indicate
that its température for the 20¢/sec case wou]d be about 100°F cooler than

that for the fue] assemb]y hot pin. :

>15 2.3.5.3 Conc]us1ons

_ The extreme]y un11ke1y event of a contro] rod be1ng w1thdrawn as 1ts
maximum mechan1ca1 speed was ana]yzed A maximum cladding temperature of :
the fuel assembly hot pin of about 1400°F was found to result for pr1mary
scram and 1460°F for secondary scram. Since the normial full power maximum
temperature at the same position -is over 1400°F, the transient should not
‘produce any significant additional. degradat1on of the cladding. A.description
of how this type event is incorporated in the pin c]add1ng structural design
eva]uatlon is given in Section 4.2.1.3 : ’
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