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Question C5210.4

The ASME Section |11 Code does not require & fatigue evaluation for Class 2/3
plping design. However, for operating at elevated temperature, creep fatigue
effects may become savure In Class 2/3 plping. Describe the method used for
creep fatigue evaluation for Class 2/3 plping, or Justity why such -
cons!derstion |s not needed. Furthermore, ver!fy whether rules In Code Case
N-253 ere met,

Response

The conslderations glven to creep-fatigue effects In elevated temperature
Cless 2/3 plping can be clerified by discussion of the structural criteria
avallable to evaluate these designs. In some elevated-temperature Class 2/3
plping |Ines, Code Case N-253 Is planned to be adopted as an acceptable

‘4.t #er demonstrating protection agalnst unacceptable creep-fatigue
damage. The project has developed a mod!fIcation to RDT Standard F9-4T for
appl lcation to ASME Code Section 111, Cless 2 and 3 components and piping
(Attachment 1). These project-developed criteris, (termed "FO-4TMOD" In the
remalnder of thls response) Is the generally app!led approach for evaluating
creep-fatigue. Both of these approeches w!l| be dlscussed separately
fo!lowing an Identification of where the two spproaches asre planned to be
used. Where possible, an estimate wil| be provided of the potential for &
design satisfylng the F9-4TMOD rules to elso satisty Code Case N-253.

Before proceeding with discussions of the two approsches, the first sentence
of the NRC question needs to be put Into perspective. |t s acknowledge that
ASME Sectlon 111 design rules for |ow temperature Class 2 and 3 ploing
(NC/ND=3600) do not require en expliclt, cycle-by-cycle fatigue eveluation.
However, satisfaction of stress range |Imlts for thermal expansion |oads
(Equation 10) and comblned pressure, welght, and thermal expansion stress
IImlts (Equation 11) uses the allowable expansion stress range value, SA. The
determination of S, |s dependent on the cycllc service conditlons by
Introduction of & eross range reduction value, f. The value of f was
developed using fatigue test data and accounts for all temperature cycles
during |lfe. Since temperature cycling Is the principle cycllc load for
| ow=temperature plping, It Is concluded fatigue ls addressed In the

| ow-temperature Class 2 end 3 pliping rules. The only shortcoming of the
|ow=-temperature rule approach might be the absence of "thermal gradient”
stress In the stress range evaluations. As will be seen, these gradient
stresses are plcked up In most of the elevated temperature evaluations.

For organizational clarity, four operating reglmes for the Class 2/3 pipling
ere defined as follows:

Reglme L Plping - Piping that will never exper lence elevated temperatures
«nder Normal, Upset, or Emergency operating condltions, l.e., It's entire
|1fe, except possibly for Faul ted events, |s spent at temperatures for
which stress values exlist In ASME BAPV Code, Section 111, Appendix I.

- Piping that wil| at some time during Normal,
Upset. or Emergency corditions experlence elevated temperatures.
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- Piping that will not be subjected to significant
cycllc duty, l.e., It can meet certaln exemption criteria frar cycllc
damage evaluations.

- Piping that ¢!l not be subjected to significant
elevated temperature service, l.e., It can meet certaln materieal
time-temperature |Imits that preclude significant creep e'fects fram
occurring.

- Piping that will be subjected to significant
elevated temperature service.

ority of the Class 2/3 piping falls Into Regime L. The |ow-temperature
3600) cycllc evaluation methods have been discussed, they address
and wlll not be discussed further since the NRC question Is basically

concerned w!th Reg'mes E1, E2, end E3.

A llst

1

2)

3)

4)

5)

€)

of elevatec temperature Class 2/3 |Ines ere:

The Steam Generator System (SGS) water/steam plping which Is @ Cless 3
plping system Is enticlpated to be In Regime E1 and thus exempted form
creep-fatigue evaluations. The exemp*ion criteria contained In the
plping specification sre ldentical to those contalned In Appendix A of
Code Case N-253. Should It prove necessary to perform a creep-fa jue
evaluation, the criterla of Code Case N-253 would be considered for
Impl ementation.

The Intermediate Heat Transport System (IHTS) hot leg and super heater
dump | Ines downstream of the second valves are Class 3 plping |Ines
which sre expected to be In Regime E2. They have been optionally
upgraded to Class 2. There exists Qne emergency design event with
fluld temperatures In excess of BOO“F. It Is expected this event will
be exempt from elevated temperature creep and fatigue evaluation. |If
elevated temperature creep and fatigue evaluations become necessary,
they will be performed In accordance wlith F9=4TMDD.

The SGS leak detection module plping between the sodium Isolation
valve and the LDS modules |s Instrument plping optionally upgraded to
Class 3 and expected to be In Regime E2. Design reg.lrements are not
final 1zed yet but 1t Is anticlpated the Code Case N-253 rules will be
Invoked.

The Steam Generator Aux!|lary Heat Removal System (SGAHRS) plping
between the superheater and the vent control valve Is Class 3 plping
expected to be In Regime E3. It will be designed to Code Case N-253.

The SGS leak detection module plping between the IHTS and sodium
lsolation valve Is Class 2 plpIng which has been optional ly upgraded
+,Class 1 and wil| be designed to Code Case 1592 creep-fatigue
criteria.

The IHTS maln and sux!|lary plping upstream from the second valve Is
Cless 2 and 3 plping which has been optionally upgraded to Cless 1 and
wiil be designed to Code case 1592 creep-fatigue criteria.
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7) The Impurlty Monitoring end Analyslis system (IMAS) and Inert Ges
Recelving and Processing System (IGRPS) contain several |Ines In
Regime E2 which w!l| be designed to F-4TMDOD. These |Ines Include:

o) Primary sodium sampling |oop _

b) Sod!um sampling |ine to and from the Intermediate Sod!um
Cheracterization System

c) Equallization |Ine between the primary sodium overflow vessel and
the reactor vessel

d) Primary pump equal ization |Ines to the reactor equallzation |ine

e) Equallization and overfiow vent |Ine. to the vapor condensor

t) Primary pressure rellef |ine from the equalizer |Ine to the
overf|ow vessel

g) The overflow vessel vent |Ine.

8) The entire Intermedlate Sodlum Processing System (ISPS) except for
dump Iines Is In Regime E2 and Is belng designed to F9-4TMOD.

9) The IGRPS Inlet |Ines to the vapor condensors, draln |Ines from the
vapor condensors, and draln |Ines fram the Intermediate Heat Exchanger
ere In Regime E3 and ere belng designed to F9-4TMOD.

10) The Auxi|lary Liquld Metal System (ALMS) discharge plping from the
primary sodlum cold traps In the overflow makeup clrcult will de
des! ,ned per the Regime E3 requirements of F9-4TMOD. Additionally,
this plping w!il have Insignificant thermal transient stresses and Is
In Regime E2, per the time-temperature |Imits of both F9~4TMOD and
Code Case N-253, thus the criterlia provides essent) | ly the same
protection &s the Reglme E2 coverage of Code Case N-253.

11) Low-stressed Type 304SS portion of the ALMS Inlet piping to the
primary sodlum cold traps which are In Regime E3 wii| be designed to
the Code Case 1592 elestic method creep-fatigue criteria.
High-stressed portions utlllze Type 316SS end are evaluated per the
Regime E3 per the time-temperature |imits of both F9-4TMOD and Code
Case N-253, which wi+th the Insignlilicant thermai transient stresses In
this |lne, provlides essentially the same protection as the Regime E2
coverage of Code Case N-253.

Discusslions wil| now center of the varlous evaluative methods for
creep-fatigue used In the Regime E1, E2, and E3 plping. Discussions will not
be provided of Code Case 1592 methods since the NRC question Is concerned wlith
Class 2/3 methods and Code Case 1592 Is a Class 1 methodology, which
specifically addresses creep-fatigue.

Beglme EI (Insignificant Cycllc Service) Evaluative Method

The Code Cese N-253 Appendix A creep-fatigue exemption criterlia can be
summar |zed as follows:

Creep-fatigue evaluations are not required when the maximum peak straln
range during service Is below the permitted value tor 10 cycles fram the
Code Case 1592 continuous cyc!ing fatigue curve and, less than 25

"signiflicant™ load cycles exIst during Level A or B service. A detalled
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definition of "significant” Is provided to assure consistency In rule

eppl lcation, Although Code Case N-253 Iimits this exemption to -3200
vessels, & simller 25-cycle exemption exists In F9-4TMOD. A Justification
for the F9-4TMOD 25-cycle exemption criteris for any component Is also
provided In F9=4TMOD and with only minor mod!fication can be used to
Justify use of the Code Case N-253 exemption for plping. :

Reglme E2 (Insignificant Creep Effects) Evaluative Methods
BOT F9-4TMOD

The Class | elevated temperature Code rules (Code Case 1592) recognize under
certaln comblnations of stress level, time, and temperature, that creep
effects are minimal, and these effects on cycllic |lfe can be addressed by
cimple modlflcations to the |ow-temperature design methodology. The Class 1
time-temperature |Imit (T=1325) which defines this regime was adopted by the
CRBR Project as Appendix E to FO-4TMOD. Saetisfaction of this time-temperature
IImit allows the plping designed to modify and utllize the | ow=temperature
Class 1 design methodology (NB-3600), which Includes an explic't,
cycle-by-cycle fatigue evaluation (Equation 11) plus consideration of thermal
gradlent stresses, not normally Included In Class 2/3 evaluations, The
mod!flcation also Includes use of the Code Case 1592 "hold-time" fatigue
curves (Figure T-1430) which has bullt Into them the worst-case effects of
creep on cycllc damage. Therefore, potential creep-fatigue Is directly
accounted for In this F9-4TMOD des!gn route, even though creep effects are
restricted to minimal levels.

Cods Case N-250

The Code Case N-253 design route Includes & time-temperature |imit similar to
FG-4TMOD and Code Case 1592; however, If met, It permits a modifled Class 2/3
(NC/ND-3600) methodology to be used. Mod!fications do not require thermal
gredlent stresses to be considered nor exp!lclt, case-by-case fatigue
evaluations to be performed. The loglc for this approach Is that the
time-temperature exclusion criterla means that creep effects are not
significant and that piping In this category Is real ly an extension of

Regime L.

RO F9-4TMOD
Two evaluation approaches are permitted In F9-4T™MOD:

1) Meet the Code Case 1592 creep-fatigue criteria elther using elastic
snalys!s methods (requiring elestic analysls method strain |imits also
be met) or using Inelastic analysls methods (RDT F9-5T). This
directly addresses creep-fatigue damage In a manner Identical *o that
of & Class 1 component w!thout upgrading the design to Class 1.

QCS210.4~-4
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2) Perform @& |ow-temperature Class 2 (NC-3600) evaluation using Section
Vill Division | allowsbles (per Code Cese 1481), but reduce the sA
value of NC-3611.2 by the lergest value of

b g5, AT, + Csfap (Ta - T)

which occurs at each location during the speciflied Normal, Upset, and
Emer gency operating conditions. This approach Is thus simliar to that
used by B31,1 at elevated temperature, but It also Includes an
accounting of the potential deleterlous effects of thermal gredients
In addltion to restralned thermal exgansion,

Code Case N-253 provides the following approech. The design rules for
| ow=temperature plping (NC/ND-3600) must be met with the foliowing
mod| fications:

1) The stress reduction factor, f, Is determined using Appendix B to Code
Case N-253, where fatigue factors ere determined as & function of
material and temperature.

2) After excluding 25 cycles from evaluation, a |imit Is placed on
scceptable thermal expansion plus thermal gradient stress range.

%) A modlflcation |s made to the NC-3600 Equation 11 al lowable on thermal
expansion range (to be the lessor of the current Iimit and a new [Imit
based on material yleld strength).

Satlsfaction of Code Case N-253 Rules

As noted previously some portions of the CRBR Cless 2/3 plping are or will be
evaluated directly In sccordance with the rules of Code Case N-253. Other
portions of the Class 2/3 plping ere or will be evaluated using RDT F9-4TMOD
or optionally upgraded to Class 1.

In summary, & methodology hes been developed and described In the above In
order to provide creep-fatigue evaluation for ASME Class 2/3 plping. This
methodology Is structured to the speciflc piping In question. This pre-empts
the question of across the board compliance to Code Case N-253.
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0. FORWARD

In the title, and in subsections 0.1, 0.1.7, 0.2 and 0.5.4, change the phrase
“Code Cases 1552, 1593, 1594, 1595 and 1596"

to read,
“Code Cases 1481, 1592, 1593, 1594, 1595, and 1596"

In 0.1 Scope, change to read, “. . . Classes 1, 2 and 3 nuclear components. . ",

In Subsection 0.5.2, change to read: Code Case 1592-2
Code Case 1595-]

In Subsection 0.5.2, add the following:

“Code Case 148] Elevated Temperature Design of Section III Class 2
and 3 Components”.

“Code Case 1606-1 Stress Criteria, Section II1 Classes 2, 3 Piping

Subject to Upset, Emergency, and Faulted Operating
Conditions."

"Code Case 1607-1 Stress Criteria for Section II1 Class 2 and 3 Vessels
Designed to NC/ND-3300 Excluding the NC-3200 Alternate".

"Code Case 1635-1 Stress Criteria for Section I1I, Classes 2 and .

Valves subject to Upset, Emergency and Faulted Operating
Conditions".

In subsection 0.5.4, change the phrase
“to 'Code Case 1592-0' (or 1593-0, 1594-0, 1595-0, 1586-1)"
to read,
“to 'Code Case 1592-2' (or 1593-3, 1594-0, 1595-1, 1596-1, 1481-0)"

5.0 SUPPLEMENTS TO CODE CASE 148)

For RDT F9-4 applications, any reference in Code Case 148) to the rules of sub-
sections NC or ND shall mean the rules as supplemented by RDT E15-2 NC and RDT
E15-2 ND, respectively. Where this supplement references Code Cases 1592 it
means the requirements of Case 1592 as supplemented by the applicable portion of
ROT F9-4. Where this supplement references NB-3000 it means the requirements of
Article WB-3000 of Section I1I as supplemented by RDT E15-2B.

The rules of Code Case 1481 shall be supplemented by the following additional
requirements.

2) Delete this paragraph in its entirety.

Add the following additional paragraphs:



2.

(5) Applicability

|
When this standard is invoked for Class 2 and 3 Components, it is applicable |
only to vessels, piping, and valves. Electro-magnetic pumps may be treated as

either piping or vessels.

These rules apply only to Class 2 and 3 components constructed from Types 304

and 316 austenitic stainless steel, Ni-Cr-Fe Alloy 800H, and 2-1/4 Cr-1 Mo
ferritic steel permitted in Code Case 1592. For components constructed fiom
other materials, specific desian rules shall-be provided in the Design Specifi-
cation. When the temperature of integral component supports exceeds the upper
temperature 1imit of Section III for the component, the component boundary shall
be extended to include the elevated temperature portion of the support. These
rules are not applicable to components containing pad type nozzles or non-integral
attachments. Socket welds shall not be used for Class 2 or 3 Components which

sontain sodium or radioactive fluids with the sole exception of instrumentation
av ranten) ) Tines.

(6) Basic Requirements

The supplemental Class 2 and 3 requirements of this standard shall be applied only
to components which meet the requirements of Section IIIl via paragraph (1) of Code
Case 1481. For Upset, Emergency, and Faulted Operating Conditions, Code Cases
1607, 1635, and 1606 shall apply for vessels, valves, and piping respectively.

. The requirements of Code Cases 1607, 1635, and 1606 shall be satis*ied using the

S values from Section VIII, Division 1, per paragraph (1) of Code Case 1481.

The requirements of Appendix B of this standard shall be satisfied in addition to
the external pressure 1imits of NC/ND-3133. Prior service experience or experimental
demonstrations may be used in lieu of analysis. When a buckling evaluation of an
identical component for equivalent or more severe service to Code Cases 1331-5,
1331-6. .1331-7, 1331-8, or 1552 is available, and when 2 supplemental stress report
(certified by a Registerec Professional Engineer) is prepared which reconciles the
previous evaluation with the current specification, the requirements of Appendix B
are satisfied. The evaluation to the particular Code Case must be complete and

shall demonstrate satisfaction of all the Code Case buckling requirements.

Only the Normal Operating Conditions need be considered when determining the most
severe condition of coincident pressure and temperature per NC-3112.1 and ND-3112.1.

The owner shall supply the modifications to the design limits which are appropriate
for the materials of construction in the specified service environment

(7) Supplemental Requirements:

Exemption from Ratchetting and Creep-Faiigue Analysis

Ratchetting and creep-fetigue evaluations of the specified Normal, Upset, anq
Emergency Operating Conditions are required unless one of the following require-
ments is satisfied:

a) The number of significant load cycles is less than 25. Appendix A of this
standard defines the term "significant". This procedure may be used only
where the peak strain range is less than the 1imit given in Appendix A of
this standard.




b)

c)

d)

o
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Prior service of equivalent severity is used as the basis for demonstrating
structural integrity. Appen.ix C of this standard describes the "Prior
Serv’  Report” which shall be prepared when this procedure is utilized.

Testing of identical components under equivalent or more severe conditions is
utilized as the basis for demonstrating structural integrity. . Appendix D of

this standard describes the Experimental Test Report which shall be prepared
when this procedure is utilized.

When an evaluation of an identical component for equivalent or more severe

service to Code Cases 1331-5, 1331-6, 1331-7, 1331-8, or 1592 is available,

end when a Supplemental Stress Report (certified by a Registered Professional
Engineer) is prepared which reconciles the previous evaluation with the current
specification, these requirements are satisfied. The evaluation to the particular
(1331 or 1592) Code Case must be complete and shall demonstrate satisfaction of
all of the Code Case ratchetting and creep-fatigue requirements.

For Class 3 compunents only, the owner may, via an explicit statement in the

Design Specification, exempt the component from ratchetting and creep-fatigue
evaluation.

(8) Supplemental Requirements:

Ratchetting and Creep-Fatique Analysis

When ratchetting and creep-fatigue evaluations are not exempted by (7) above,
one of the following requirements shall be satisfied:

a)

An evaluation which demonstrates compliance with all of the requirements of
T-1300 and T-1400 of Code Case 1592 as supplemented by RDT Standard F9-4.
The alternate procedures in RDT F9-5 may be used. Note that the use of an
elastic creep-fatigue evaluation procedure of T-1430 of Code Case 1592 is
permited only when the 1imits of T-1320 are satisfied. In NT-1325 Test No.

4(a) the extrapolation may be performed using the maximum slope at the current
metal temperature.

The temperature-time 1imits of Appendix E of this standard and the appropriate
requirement below:

Vessels: Al11-of the requirements of NC-3200 with the elevated tempera-
ture S;, values obtained from Appendix I-14 of Code Case 1592
and with the design fatigue curves extended to elevated
temperatures via Appendix C of this standard. If NC-3219.2
is utilized, the modification of Appendix F of this standard
shall be employed. NC-3219.3 shall not be used.

Valves: The exemptions of Conditions A or B of NC-3219.2 as modified by
Appendix F of this standard shall be satisfied, or a detailed
fatigue analysis shal’ be made in accordance with the rules
of Aprendices XIII and XIV where the S, values at elevated
temperatures shall be obtained from Appendix 1-14 of Code Case
1592 and the design fatigue curves at elevated temperatures
shall be obtained via Appendix G of standard, or the limits of
NB-3512.2 (a) or (c) using, at elevated temperatures, the S
values from Division 1, Section VIII per paragraph (1), the
pressure-temperature ratings of ANSI B16.5, and the fatigue
1imits of Appendix G of this standard.
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Piping: The 1imits of NB-3600 using, at elevated temperatures, the
values from Code Case 1592 and the design fatigue curves
of Appendix G of this standard.

c) For piping, the limits of NC-3600 when the basic allowable stréss values at
elevated temperatures are obtained from Division 1, Section VIII per paragraph
(1) and the S value of NC-3611.2 (c) is reduced by the largest value of

Ea
V2 Lamssy L ety |+ G5y | a,T, = apT, 1]

which occurs at each location during the specified Normal, Upset, and Emergency
Operating Conditions (the terms are defined in NB-3653.2) '

(3) Design Reports

Design reports shall be prepared and submitted to the owner which document all of
the evaluations performed in addition to the minimum required for stamping by Sub-
sections NC and ND and Code Case 1481. These reports shall follow the ASME Code
guidelines for Stress Reports. The reports shall be certified by a Registered
Professional Engineer as meeting the requirements of the Design Specification.

The fabricator shall provide the gustification for the fatigue limits émp1oyed for
numbers of cycles greater than 100,



APPENDIX A

Significant Load Cycles
A load cycle is "significant” when any of the following is true:

a) The variation in the primary stress is greater than 25% of the maximum allow-
able primary stress as defined by Code Case 148).

b) The secondary stress range is greater than 50% of the limiting value (25, at
Section 111 temperatures or T-1300, Code Case 1592 at elevated temperatu?es).

c) The estimated peak stress (K1 = 2.5 when local structura) discontinuities
exist, unless ogherwise Justified) is greater than twice the allowable stress
amplitude at 10° cycles from Figure I-9 of Section 111 (after the environmental
effert correction is applied to the design fatigue curve.)

This procedure is invalid when the maximum estimated peak strain range from any
one cycle exceeds the maximum allowable value for 10 cycles as obtained from the
design fatigue curve (Figure T-1430 of Code Case 1592) at the maximum metal
temperature of the cycle. When the maximum metal temperature is below the value
for which Code Case 1592 provides design fatigue curves, the allowable strain
range may be obtained from Figure 1-9 of Section III (Subsection NA) by dividing
th: allowable stress amplitude, Sas by one half of the Figure I-9 Young's Modulus.



APPENDIX B

Buckling Limits

1.0 General Requirements

Where buckling is a potential failure mode, the following minimum design factors
shall be maintained. 1 - .

1.1 The stability limits in NC-3133 and ND-3133 of Section ilIl pertain only to
specific geometrical configurations under specific loading conditions. These
Section 111 1limits include the effects of initial geometrical imperfections
permitted by fabrication tolerances. However, Section 111 limits do not consider
the effects of creep due to long-term loadings at elevated temperatures and

the effects of the other loads or geometries. These rules provide additiona)
limits which are applicable to general configurations and loading conditions

that may cause buckling or instahili+v due to time-{ndependent creep behavior

of the material. These additional limits are applicable to all specified Design
and Operating conditions.

1.2 For the limits specified here, distinction is made between load-controlled
buckling and strain-centrolled buckling. Load-controlled buckling is characterized
by continued application of an applied load in the post-buckling regime leading to
catastrophic failure as exemplified by collapse of a tube under external pressure.
Strain-controlled buckling is characterized by the immediate reduction of strain-
induced 10ad upon initiation of buckling, and by the self-l1imiting nature of the
resulting deformations. Even though it 1s self-limiting, strain-controlled
buckling must be avoided to guard against failure by fatigue, excessive strain,

loss of functionality due to excessive deformation, interaction with load-con-
trolled instability.

1.3 For conditions under which strain-controlled and load-controlled buckling
may interact, the Load Factors applicable to load-controlled buckling shall be
used for the combination of load-controlled and strain-controlled loads to guard
2gainst buckling in the interactive mode.

1.4 For conditions where significant elastic followup may occur, the Load

Factors applicable to load-controlled buckling shall also be used for strain-
controlled buckling.

1.5 For load controlled buckling the effects of initial geometrical imperfections
and tolerances shall be considered in the time-independent calculations of
paragraph 2.1 of this appendix; and the effects of geometrica) imperfections and
tolerances, whether initially present or induced by service, shall be considered
in the time-dependent-calculations of paragraph 2.2 of this appendix.

1.6 For purely strain-controlled buckling the effects of geometrical imperfections
and tolerances, whether initially present or induced by service, need not be
Considered in calculation of the instability strain. However, if significant
geometrical imperfections are present initially, enhancement due to creep may
cause excessive deformation or strain. These effects shall be considered in

the application of deformation and strain limits.



1.7 The expected minimum stress-strain curve for the material at the specified
temperatures shall be used. The expected minirum value may be obtained by
normalizing the appropriate average hot tensile curve of Fig. T-1800 of Code
Case 1592 to the minimum yield strength given in Fig. 1-14.5 of Code Case 1592.

1.8 The limits of both 2.1 and 2.2 shall be satisfied for the specified Design
and Operating conditions. .

2.0 Buckling Limits

2.1 Time-Independent Buckling

For load-controlled buckling, the Load Factor, and for strain-controlled buckling,
the Strain Factor; shall equal or exceed the values given in Table B-1 for the

specitied Design and Operating conditions to protect against time-independent
(instantaneous? buckling.

TABLE B-1 TIME-INDEPENDENT BUCKLING LIMITS

Load ‘Strain
Factor(]) Factor(!) (3)
Design Conditions 3.0(2) 1.67
Operating Conditions
Normal 3.0 1.67
Upset 3.0 1.67
Emergency 2.5 1.4
Faulted 1.5 1.1
Testingd) 2.25 1.67
(1) Load (Strain) _ Load (strain) which would . Design or exgected
Factor. cause instant instability load (strain).

at the design or actual
operating temperature.

(2) Changes in configuration induced by service need not be considered
in calculating the buckling load.

(3) For thermally induced strain-controlled buckling, the Strain Factor is
applied to loads induced by thermal strain. To determine the buckling
strain, it may be necessary to artificially induce high strains concurrent
with the use of realistic stiffness properties. The use of an "adjusted"
thermal expansion coefficient is one technique for enhancing the applied
strains without affecting the asscciated stiffness characteristics.

(4) These factors apply to hydrosta.ic, pneumatic, and leak tests. Other

types of tests shall be classified according to-3113.7 of Code Case
1592.



2.2 Time-Dependent Buckling

To protect against load-controlled time-dependent creep buckling, it shall be
demonstrated that instability will not occur during the specified lifetime for a
load history obtained by multiplying the specified Operating condition loads by

the factors given in Table B-2. A design factor is not required for purely strain-
controlied buckling because strain-controlled loads are reduced concurrently with
resistence of the structure to buckling when creep is significant. The time-
temperature Timits of Appendix E of this standard may be used to determine whether
time-dependent buckling need be considered.

TABLE B-2 TIME-DEPENDENT LOAD-CONTROLLED BUCKL ING FACTORS

Operating Conditions

Normal 1.5
Upset 1.5
Emergency 1.5

Faulted 1.25



APPENDIX C

Prior Service .Experience

A Prior Service Experience report may be prepared to demonstrate that the

prior service experience of identical ¢ nents was a \

as that specified in the Design Specifig?g%on. Inaihig l:%%ﬁ#ﬁ‘:ﬁ%!:?ifu1 prior
experience can be used in lieu of ratchetting and creep-fatique analysis for cases
where the prior service is at least as severe as that currently specified. The Prior
Service Experience Report shall provide a comparison of the proposed design and

the design with which the successful service experience was accummulated tc demon-
strate that they are identical. The report shall also demonstrate that the prior
service was at least as severe as that currently specified. Among the factors

which are to be used to demonstrate equal load severity shal) be the maximum metal
temperature and the total duration above the temperature limits of Section III. The
Frior Service Experience report shall be certified to be completed and correct by

@ Registered Professional Engineer. The Prior Service Report shall be attached to
the Design Report. * .

APPENCIX D

Experimental Demonstration of Integrity

Experimental tests of components may be used to demonstrate their structural
integrity in lieu of a ratchetting and creep-fatigue analysis.

The experimental tests shall be performed using test conditions which are at
least as severe as those identified in the Design Specification. The number

of tests and degree of test severity (beyond that defined in the Design Specifi-
cation) shall be sufficient to demonstrate satisfactory component service. An
Experimental Test report shall be prepared which relates the test conditions to
the specified service conditions and demonstrates that the test results are a
good and proper simulation of the specified service conditions. The report
shall contain thermo-hydraulic calculations, where applicable, as well as
structural calculations. The Experimental Test Report shall be certified by

a2 Registered Professional Engineer to be correct and complete.
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APPENDIX E

Temoeratu=2-Time Limits

1.0 When these limits are satisfied, creep effects do not need to be accounted
for in the evaluation of the primary plus secondary and primary plus secondary
plus peak stress intensities.. Their use, however, requires that the fatigue

limits be modified. Faulted Operating conditions (when specified) need not be
considered in these evaluations.

The fatigue damage sum, when used, shall be limited to 0.9 instead of 1.0.

2.0
This 1imit is satisfied when both

t I
! (t:—d) < 0.1 and § (e) < 0.2%

where t{ is the total duration of the metal temperature, Ti, during the specified
design lifetime and tiq is the minimum time to rupture at a stress level of 1.5
times the minimum yie‘% strength at that temperature (1.5 SJ'"). The minimum
stress to rupture charts and figures of Code Case 1592 are a valid data source.
If extrapolation to greater load durations is necessary, the extrapolation shall
be performed using the greatest slope for that material on the plot of the loga-
rithm of the minimum stress to rugture vs the logarithm of the time to rupture
for that metal temperature. The Pt shall equal the specified design lifetime.

The ¢4 value is the thermal creep strain which is accumulated due to the imposition
of a uniaxial stress of 1.25 times the minimum yield strength (1.25 ST'M) at the
associated metal temperature, Tj, during the time duration, tj. Creeb hardening
from one time period (ti) shall not be accounted for in other time periods. The
isochronous stress-strain curves of Appendix T of Code Case 1592 may be used to
evaluate this limit.

3.0 Figures E-1 through E-4 may be uged to evaluate these limits. The specific
Curves are based on Code Case 1592 SJ'" and Sp values plus the thermal creep
equations of the Nuclear Systems Materials Handbook.




APPENDIX F

Modifications to NC-3219.2 Fatigue Exemption Rules

When the procedure of NC-3219.2 is employed, the following modifications shall
be incorporated. .

Condition A

1) The Sy values for elevated temperatures shall be obtained from Code
Case 1592,

2) In NC-3219.2(c), the absolute value of 4Ty shall be added to the change in metal
temperature between two adjacent points, aT, before determining the cycle factor.

The temm AT} is the maximum equivalent linear through the wall temperature

difference (see NB-3653.2(b)). A1l specified Normal, Upset and Emergency
conditions shall be considered. ‘

Condition B

1) The reduction in the allowable Sa value beyond 106 cycles shall be considered.

2) The allowable S, value shall be reduced, as shown below, to accoun* for the

maximum through the thickness therma) gradient during all specified Normal,
Upset and Emergency Operating conditions.

Sal = Sy = 1/2 [zf=y | 27y |]

APPENDIX G

Elevated Temperature Design Fatigue Curves

When this Appendix is invoked, the design fatiaue curves of Figures T-1430 of
Code Case 1592 ghall be used, where Sa 1s one half of the product of the total
strain range, e¢, and the Young's Modulus, g, at that temperature.

In all cases the design fatigue curve shall be modified by the appropriate
environmental effect corrections prior to use.

In all cases the ap rofriate reduction, if any

» 1n the allowable stress (or strain)
amplitude beyond 10° cycles shall be employed.



A Basis for the Twenty-five Cycle Exclusion

This rote provides an evaluation of the potential for failure of components
which meet the twenty-five cycle creep-fatigue exclusion.

The minimum number of cycles of Figures T-1430 of Code Case 1592 is ten.
Assume that twenty-five cycles at a strain range equal to the strain range

of Figure T-1430 at ten cycles are specified. The mean failure fatigue curve
is at least a factor of twenty on life above the design curve. Thus a strain
range which is associated with ten cycles on the design fatigue curve is also
associated with (10 x 20) 200 cycles on the mean failure fatigue curve. It is
Judged that the minimum failure fatigue curve lies not more than a factor of
four on 1ife below the mean failure fatigue curve. Thus, a strain range which
1s associated with ten cycles on the design fatigue curve is also associated
with (10 x 20 + 4) 50 cycles on the mean failure fatigue curve. Thus, twenty-

five cycles of that strain range it %111 3 factor of two below the lower bound
tailure fatigue curve.

The effect of temperature is already accounted for by the temperature effects
already buiit into the Figure T-1430 design fatigue curves. The effects of
slow straining rates and effects of hold periods at maximum strain are built
into the Figure T-1430 design fatigue curves.

. Thus, all of the factors thought to be important in determining fatigue life
have been-considered. A safety factor of tvo on life exists between the allow-
able number of significant cycles and the lower bound failure fatigue curve.



JUSTIFICATION FOR USE OF STRESS RUPTURE EXTRAPOLATION PROCEDURE

Introduction

In Appendix E of the CRBRP Modification to RDT Standard F9-4 (for use with
Class 2 and 3 equipment) a time-temperature threshold is provided. When the
time-temperature combination is below this Timit, it is judged that low tempera-
ture fatigue and ratcheting rules may be used. Among the criteria used to define
this threshold is the locus of points at which the time duration divided by the
“allowable time duration" at 1.5 times the minimum yield strength is equal to
0.1. The "allowable time duration” is defined as the minimum time to rupture.
= wevv 1232 provides the minimum time to rupture vs. .tress and temperature
(Sz’") over a range of stress and temperature values. The yield strength varies
relatively slowly with temperature while the minimum stress to rupture value is
very temperature sensitive. Thus, at low temperatures (+~800°F austenitic steels,
~700°F low al]oy steels) 1.5 times the minimum yield strength may be smaller
than the minimum stress to cause rupture, even at 1.0 x 105 to 3 x 10° hours.
Thus, extrapolation of the stress-rupture curves to time above 3 x 105 is
necessary.

Objective

The purpose of this note is to document the reasons for employing a stress-rupture
extrapolation technique which is less conservative than that in Code Case 1592.

Austenitic stainless steels, among others, can exhibit a slope discontinuity in
their stress-rupture behavior. At long lifetimes (or high stress levels, or
high temperatures) the linear relationship between the logarithm of the stress
vs. the logarithm of the lifetime may decrease abruptly. In the practical use
of stress-rupture data there are many cazes where low stress applications are
cncountered. The des‘aner is faced with the task of determining the danage due
to these Tow stress 1e. s. A conservative method for extrapolating the stress-
rupture curves was needed. If the curves were extrapolated Tinearly based on
the maximum slope at the temperature of use, the results might be unconservative
if a slope discontinuity existed Just beyond the maximum lifetime of the curve.



If, however, the curve was extrapolated at a slope equal to the highest value
for 211 temperatures, there is great assurance that the result is conservative.

The second method, extrapolation at the maximum slope for al} temperatures is
believed to be conservative for all temperatures up to a few hundréd degrees
below the maximum for the curve. For types 304 and 316 austenitic stainless
steel, the max imum metal temperature for which Code Case 1592-3 provides
minimum stress-to-rupture values is 1500°F. Since the LMFBR is not expected
to operate with metal temperatures above 1200°F, the use of the 1500°F slope
to extrapolate 1200°F stress rupture data is expected to be safe.

In the case of time-temperature limits (below which low-temperature ratchetting
and fatigue procedures are valid) the use of the stress-rupture extrapolation
using the slope at the maximum temperature of the table is unrealistic. At

low stress and temperatures, the stress-rupture slope discontinuity is not
expected to occur at all. In 304 S/S the initial stress-time dependency of
‘failure is .not even observed until lifetimes of greater than 'lo4 hours.- The
existence of a slope discontinuity neariy is not expected. Even if a slope
discontinuity were to occur just beyond the Code Case's time limit (3 x 105 hrs)
its siope is not expected to be as high as that for 1500°F.

The use of the maximum temperature slope extrapolation method, when applied to

the Appendix E threshold, results in a severe and unwarrented design limitation
at low service temperatures, which would have an unnecessary cost impact on the
CRBRP Project. The Appendix E threshold is shown below:

Allowable Load Duration, Hours

)

feiieritare 304 S/S 316 S/S s

; - Max. Temp This Temp Max. Temp This Temp
800°F 200,000 2,000,000 900,000 large
850°F ‘80,000 80,000 400.000 large
900°F - 27,000 27,000 140,000 1,200,000

950°F 4,200 4,200 43,000 68,000




Summary

The stress-rupture extrapolation procedure of the Code Case is inappropriate
for this use. The only place where it is more restrictive than turrent metal
temperature linear extrapolation procedure is at low temperatures: (800-900°F).
The reasoning behind the maximum temperature slope extrapolation procedure is
not applicable at low temperatures. The result of using the Code procedure

would be an unnecessary and expensive reliance on creep analysis for very low
temperature applications.
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Question QCS 210,68

Provide rules and acceptance criteria used in the design of mechanical
camponent supports, especially those supports for piping at elevated
temperature service.

Response

Camponent supports as defined by ASME Section III, Subsection NF include
structural elements, which carry the weight of camponents or provide them with
structural stability, or both. The term includes hangers, supports, braces,
snubbers and other devices which are designed to transmit loads from the
pressure retaining barrier of the camponent to the load carrying building
structure during any of the specified operating conditions. Therefore,
component supports intended to conform to the requirements for Class J
remetruetion ae get forth in ASME Section III, Subsection NB, are governed by
Subsection NF, as supplemented by RDT Standards. These documents provide the
rules for the materials, design, fabrication, examination and testing of
camponent supports.

Qcs210,8-1
Amend. 69
May 1982
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Question CS210.10

Describe the basis of "leak without bresk™ criteria used In Section 3.6 of
CRERP-PSAR for the primary and secondary sodium loops. since operating
temperature In the hot legs are significantly higher than the cold iegs and
secondary loops, explaln why the same plpe leakage criteria Is app! lcable.

Rasponse

The app! Icabll ity of the concept of leak before break to the CREBRP hot leg
plping In the PHTS celis of the Reactor Contalmnment Bullding Is dlscussed In
the Project's topical report on this subject. This report "Clinch River
Breeder Reactor Plant Integrity of Primary and Intermed. ate Heat Transport
System Piping In Contalnment®, WARD-D-0185, was Issued In September 1977 and
'~ referenced In Section 7.6 of the CRBRP PSAR. Coples of this report have
neen recently provided to the CRBRP Program Office at NRC.

QCS210.10-1
Amend. 69
May 1982
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Question CS220.3 (3.5.4.3)
On page 3.5-13b ductliity ratios for concrete anc steel are |1sted. Same of
these ratlos sre different fram those spec!fled In Appendix A to SRP Section

3.5.%. Conformance to SRP Sectlion 3.5.3 duc*liity ratios |s requested unless
Justification for devietion Is provided.

Response:

PSAR pege 3.5-13b Is revisecd to Incorporete ‘uctillty ratios used In the
design of concrete and steel structure-.

QCS220.3-1
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Where:

A = ductl|!ty: retio deflned as the ratio of the deflection of a
structure at fallure to Its deflection at yleld.
T = natural perlod of vibration (seconds)

The Ductllity Ratios, which wili be used In determining the overall structural

response due to mlicsile Impact load for ver!ous structural components, are
glven as fol lows:

DUCTILITY RATIOS (s

Belvforced Concrete Members

Max!mum value of & for relnforced concrete
ménbers will be as s*ated In ACI 349, except
stringent raquirsments specifled In R.G.1.142
will be used.

Structural Steel Members

a, For tenslon due to flexure

Md¢ < 10,0
b. For columns with slenderness ratio (1/r) equal t> or less than 20
Hd < 1.3
where | = effective length of the member
r = the least radius of gyration
For columns with slenderness ratio greater than 20
M4 <1.0
c. For members subjected to tension
A < 0.5 %‘;
Where e = y|timate stralin

.Y = Yield straln

3.5-13b
Amend, €9
May 1982

82-0184
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Case 2. Mlsslle Not Penetrating the Structural Elements

Wiillamson and ALvy (Ref. 7) derived a formula for determining &

static concentrated |oed (qx) equivalent to the force Induced by @
missile striking a structurél element without penetration. the
formula Is: 1

gy = () ma 1+ Vi (4D |

When the lest term under the radical end |ts square root are large
wher compared to unity, the sbove equation reduces to

2n»mV
r= = Yz

) el

Where:
m = Mass of missile (Ib-sec.2/ft.)

3.5.5 Misslle Barrier Features

Structures housing safety-related systems and components and located above the
ground wil| be designed to reslist both the externally and Internally generatec
missiles. The steel Contalinment structure will be designed with sufficient
thlckness of steel plate to prevent performation and with stiffeners
proportioned to malntain the overall stablilty. Preliminary evaluations show
that a contalnment vessel shell thickness of 1-1/8" wil be capable of
accommodating al| the potential tornado missiles. Relnforced concrete,
Selsmic Category | structures, which contain vital equipment wil| be deslgned
with sufficlent strength and ductllity to prevent penetration and to absorb
Impact from the postulated misslles.

3.5-13¢

Amend. 69
May 1982
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Question CS220.5

The major selsmic Category | structures of the CRBR plant are supported on a
common basemat founded on competent rock w!th an embedment of 100 ft of back
f111. Under such & condition, It appears most appropriate to consider the
structures as fixed at the foundation.

The embedment effect can be accounted for by conslidering the soli-structure
Interaction between the lateral earth pressure and the structure In contact.
The selsmic Input motion should be applied at the foundation level. The

app! 'cant has considered an analysis In which there Is soll (rock) structure
interaction at foundastion level as well as on the |ateral slide with the
selsmic Input motion applled at the finished grade level. In staff's opinion
such an analysis does not represent the realistic condltion and the complex!ty
ot the analysls as used by the applicant precludes a prior assessment of the
auequscy ur the method for steff review. As 2 resolution of staff's concern
1+ Is required that selsmic Category | structures, systems and components be
des!gned to selsmic effects obtained by enveloping the results cf appllicant's
and the fixed base approach as stated above or equlivalent,

Response:

The major Category | structures of CRERP with the exception of the Diesel
Generator Bullding, are supported on a common basemat founded on rock with an
average shear wave veloclty of 4000 ft/sec. The material ebove the elevation
of the foundation mat (the embedment material) consists of sound and weathered
rock, lean concrete fll| and compacted Class A backflll.

The Input motions were appllied at the foundation level and not at grade level
(Section 3.7.1.1 of the PSAR).

The Justification for using lumped springs and dashpots In lieu of "flIxed"
base for rock-structure Interaction Is glven below.

1) In the selsmic analysls of the CRBRP Nuclear Island, the actual stiffness
of the foundation material was evaluated In terms of equivalent springs
and dampers and on thls basls the selismic analysis was performed.

2) In the CRBRP selsmic analysls It was consldered that using a flixed based
snalysls was unwarranted, since due to the large size and stiffness of the
structure that Is comprised of all the Nuciear Island bulldings, some
Interaction was expected between the foundation rock and the structure.
This was conflrmed by the calculated responses at the foundation mat which
differed from the "free fleld" responses (Figure Q220.5-1)

Add!tional analysls, using a different analytical approach (the Computer
Program FLUSH) showed that the free-fleld and In-structure selsmic
responses at the foundation level differed, confirming that rock(soll)
structure Interaction will occur (Figure Q220.5-2).

0CS220.5~-1
Amend. 69
May 1982
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4)

5)

6)

Page - 11 (82-0184)[8,22] ~ #36

Yo calculate the foundation springs, because of the Irreguler leyering of
the slte, and variation of foundation properties, a static finite element
method was used. (Section 3.7.1.6 of the PSAR).

Celculations using the theoretical half-space equations were also
performed (Response to NRC Question 130.53). The results of the elastic
hal f-space calculations verifled, within reasonable |imits, the values
obtalned from the static finlte element calculations.

To account for uncertainity In foundation material properties three sets
of spring stiffnesses were calculeated: for upper bound, average and |ower
bound of materlal properties. Analyses showed that responses with average
foundation material properties were enveloped by those for the upper and
lover bound. Two complete gnalyses were then performed using the upper
an¢ lower bound materlal properties and the respontes were envel oped.

The radletion damping was calculated based on the hal f-space equations for
equivalent material properties deducted from the spring constants obtalned
by the finlte element calculations. This approach was val ldated by the
fact that the results from the finite element and hal f-space calculations
were In good egreement,

SRP 3.7.2 of NUREG-0800 def Ines varicus acceptable methods for model Ing
and analyzing soll structure Interaction effects. As described above, the
CRBRP selsmic design conforms to acceptable methods 'hat are repre-
sentative of the slte geologic conditions and the Nuclear Island
structures. Approprlate conservatism has been Included In the model to
account for a range of foundation material properties that were developed
from & rigorous subsurface Investigation. The SRP def Ines "a fixed base
assumption" as an acceptable basis for model Ing If the structures are
suppor ted on rock. Such an assumption Is not consldered reasonable for
CRBRP slnce analysls has conflrmed that Interaction will occur and a more
real Istlc and conservative representation of the rock and embedment
condltlons has been accounted for In the selsmic design. The average
shear wave veloclty of 4000 fps Is not characteristic of a hard rock
materlal that would be consistent with a "flIxed" base assumption.

The requlrement of & fixed base approach for CRBRP |s Inappropriate and
arbltrary. The analysis of a "fixed" base mode!, therefore, will not be
consldered for CREBRP.

o The largest historical earthquake In the tectonlc province was
assumed to occur In the CRBRP slte.

o SSE maxImum ground acceleration was Increased from 0.18g to 0.25g.

QCS220.5-2
Amend. 69
May 1982
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o Deslgn Response Spectra consist of wide band envelope spectra
based on statistical studies of meny past earthquake records.

o Artificlal ecce.eration time-histories used In the selsmic
analys!s envelope and for most frequencies are above the Design
Response Spectra. -

o Floor response spectra are envelopes of two Independent analyses
using lower and upper bound of soll-rock properties.

o Floor response Spectra were wldened at peaks and smoothed.

An Independent finite element snalysls using the FLUSH program was
performed to compare floor response spectra with the CRBRP design
spectra. The CRBRP spectra In escance envelopes the calculated
spectra and spectra generated fram the CRBRP and finlte element
enalyses are very simllar (Figure Q220.5-3).

QCS220.5-3
Amend. 69
May 1982
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Question CS5220,10 (3.7.1.6)

In lest paragraph on page 3.7-4, you s*ated that a fixed base approech would
be Justitled. However, In order to account for soll-structure Interaction
effects, you made & number of simplifying assumptions end a'!so conducted &
scoping study to teke Into account variations In spring constants afd damping
values, Indicate If you have taken the fixed base condition Into
conslderation In your scoping study since this Is more represen*ative of the

actual condition.

Response:
See the response to Question CS220.>.

QCS220.10-1
Amend., 69

May 1982
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Question £5220,19

On page 3.7-8, It Is stated thet you perform @ non=-|Inear history anaiysls.
Provide more detalls of such an analysis.

Response

The nonlinear selsmic analysls of reactor systems was performed on the Primary
Control Rod System (PCRS) since *hls system was determined to ocontaln
significant nonlinearities. Tne description of this analysis Is glven In
Section 3.7.3.15.3 of the PSAR.

QCS220.15
Amend. 69
May 1982
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mathematical representation of the system or components. A sufficlent number
of masses wl!th thelr appropriate degrees of freedom are used In the model to
adequately describe the behavior of the structural system, and to |nsure an
accurate determination of the dynamic response. Signlficant non-|inearities,
such as gaps or clearances between PCRS components, are Included In the
mathematic! model. In this case, a nonlinear time history analysis Is
performed, which consliders the Impact forces generated at the gap locations.,
Non-symmetr [cal features of geometry, mass, and stiffness, are modeled to
Include thelr torsional effects In the analysis. A description of &

prel Iminary reactor system |Inear model and & prel Iminary PCRS non-|lnear
mode! Is glven In Section 3.7.3.15.

The metnods of response spectra analyslis and time history analyslis are
described In a number of publlications. A description of these analyses
techniques Is provided In Appendix 3.7=A.

The system or component is analyzed wlth the selsmic Input (floor response
spectra or time historlies) derlved at the particular points of support on the
structure. All significant modes of the mathematical mode! sre Included In
the analysls. The signlficant, dynamlc response modes are those predominant
modes which contribute to the total, combines modal response of the system.
Other modes, whose Inclusion In the square root of the sum of the squares
modal summation have snegliglble effect on the total response would not
necessar!ly be used. With this procedure the number of modes Included will be
such that Inclusion of additional modes will not result In more than a 10%
Increase In responses. Where the response spectrum method |s used, the
Indlvidual modal responses are combined by the square roct of the sum of the
squares, except for closely spaced modes (frequencies less than about 10%
aspart) where the modal responses are combined by the abso!ute sum. The
analysls Is performed Independently In each of the two horlzontal directions,
and the vertical direction. Similar effects obtalned for each of the three
directions are combined by the square root of the sum of the squares. This Is
consistent wlth Regulatory Guide 1.92.

A simplified analysls based on a single mass mode! or an equivalent static
load method may be used when It can be demonstrated that the simplified
analysis provides adequate conservatism. For the simplified analysls, the
equivezlent static force, F_, Is distributed proportionai to the mass of the
comporan’, and Is calculafgd by the following equation:

Fs =1.5W As

where W |s the total welight of the component, and A_ Is the maximum peak
ecceleration of the response spectra, which apply &t the points of support of
the component. Components whose fundamental frequencies are greater than 33
Mz In any direction, are assumed to be rigid In that direction and may be
designed for at least the maximum acceleration at thelr supports.

Al| systems and components under the Jurisdiction of the ASME Section |11
Nuclear Power Plant Components Code w!l| be designed to accommc “ate selsmic
loadings In combination with other load!ngs without producing total comb | ned
stresses In excess of those allowed by the Code. For elevated temperatures,
appl Icable ASME-111 Coce Cases and RDT Standards will| also apply. Stresses
resultimg from loa” combinations which Include

3.7-8
Amend. 68
May 1982



Page - 32 (82-0184) [8,22] #38

Question CS220.25

On page 3.8-1, It Is stated that ASME Section Il| Division 1, 1974 Edition
with Addenda through winter 1974 and ASME Section II1 Division 2, 1975 Edition
will be used for the design of the steel contalnment and the steel |ined
concrete contal nment foundation mat respectively. Indicate what wi!l be the
ef fect on the design of the latest editions of the ASME Section 111 Division 1
and 2 Including Code Case N-284 (1980) are used.

Response

The PSAR design was performed to the requirements of the 1974 Code edition
specifled In the design speclifications., The specific criteria related to
buckl ing are described In the PSAR Appendix 3.8=A. The Intent of these
criteria Is simllar to the Code Case N-284 criteria, In that these address
buck! Ing modes, provide capacity reduction factors and factors of safety, and
siwiia tnieraction equations for buckling. A significant reanalysis would be
requlred to demonstrate that the Containment Vessel meets the requl rements of
the new Code and Code Case N-284, however, the appllcant has compared the PSAR
to the 1980 ASME Code, and has evaluated the signlficance of the changes.
Several of these changes are considered to be of sufficient signlficance to
requlire additional study. This comparison will be provided by July 15, 1982,
and the additlonal study of the significant changes wil| be provided by

August 30, 1982.

The app!icant belleves that the Intent of N-284 and the 1980 ASME Code has
been Implemented by the PSAR and the PSAR Appendix 3.8-A, the vessel design Is
adequate and safe, and that no analysis to the 1980 Code or to Code Case N-284
Is necessary.

QCs220.25-1
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Question CS 220,30

The ultimate capacity of the steel contaimment should be addressed.
EPesponse

The ultimate capacity of the steel contaimment is addressed in the document
*CRBRP-3, Hypothetical Core Distruptive Accident Considerations in CREBRP,
Volume 2, Assessment of Thermal Margin Beyond the Design Base."™ A tabulation
of the allowable pressures for different temperatures of the material is given
in Table 3-10 of the above document. These pressures were calculated with
primary membrane stress limits for Service Limit Level D given in NUREG-0800
(SRP 3.8.2), with yield and ultimate strength values fram the Nuclear Systems
Materials Handbook (TID-26666). The above allowable pressures are
concervative since the thickness of the cylindrical portion of the containment

has increased subsequent to the calculations due to other design
considerations.

QCs 220.30-1
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Questlon CS220,35
a) Code Case N-284 (1980) should be referenced and applled as applicable.

b) The absclssa on Flgures 3.8A-1, 3.8A-4, and 3.8A-6 should be labeled R/t
and not R/1.

¢) Both quadratic and |Inear Interaction curves sre used. Most authors
recommend using |Inear Interaction curves. Are the nonllinear Interaction
curves conservative?

d) The R/t range for the contzinment shell ls In a border!ine region where
el ther elastic or plastic bucklling could occur. For fabricated shells of
thls type, Imperfections can greatly Influence the elastic bucklling loeds.
Also, plastic buckling can be !'n¢'uenced by large resldual stresses that
can be present. For these reasons the factors of safety glven In Table
3 . BA-2 seem to be low. Please justify these factors.

e) How wi!ll buckling be evaluated for dynamic loads?
Response:

a) See answer to Question 220.25. Code Case N-284 addresses containment
shell buckling. This non-mandatory Code Case Is a recent document which
was not In existence at the time when the Contalnment Vessel design was
Inltlated. The Project recognized the need for specific buckllIng criterlia
and an appropriate crlterion was developed which Is described In PSAR
Appendix 3.8-A. While the quantitative effect on the design of using Code
Case N-284 has not been determined, the Intent of the buckling criterla
used by the Project Is simllar to the Code Case, In that the criteria
address bucklIng modes, provide capacity reduction factors and factors of
safety, and simllar Interaction equations for buckling.

b) The typographical errors on Flgures 3.8A-1, 3.8A-4 and 3.8A-6 have been
corrected.

¢) The selection of quadratic or |linear Interaction curves Is dictated by
loading combination. For example, Interaction curves for loading
combinations Involving torsion are quadratic because modes shapes are
dissimilar. Quadratic Interaction curves are used In Code Case N-284. In
the deslign buckling criterla, for each loading combination the shape of
the nonl Inear Interaction curve Is ldentical to that glven In 2 widely

QCsS220.35-1
Amend. 68
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d)

e)

used shel| deslign document, "Structural Analysls of Shel Is™ by
E. J. Baker, L. Kovalesky and F. L. Rish, McGrew=HII1, 1972. Therefore,
1t Is concluded that each Interaction curve Is conservative.

The factors of safety glven In Table 3.8A-2 are based on the requirements
that the effects of Inltial Imperfections and plesticlty are adequately
considered In the calculation of critical loads. These effects are
accounted for by the coefficients C, K, and K In Figures 3.8A-1 to
3.8A-10. The effects of residual stresses on predicted critical loads are
negliglble for ring-stiffened cy!lnders subjected to axlal compression
(the most severe loading condition).

BucxlIng I's evaluated for dynamic loads by comparing the peak dynamic
stresses wlith the static critical (allowable) stresses.

QCs220.35-2
Amend. 68

May 1982
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Question CS250.1

In Section 3.2.2, "Safety Classiflications,” of the PSAR, the epp! lcant stated
compl lance with the quallty requirements of peragraph 50.55a, “Codes and
Standargs,™ of 10 CFR Part 50, except Items (g), "Inserv!ce Inspection
Raquirements,™ (1), "Fracture Toughness Requlrements," and (J), power reactors
for which a hearing rotice on the application for @ construction permit was
publ Ished on or before December 31, 1970.

We concur wlth the applicant that the CRBR® Is not subject to the conditions
ot paregraph 50.55a (g;, (1), and (J) of 20 CFR Part 50. The condltions of
pa-agraph 50.55a sre applicable to bollling or pressurlzed water-cooled plants.
However, pursuant to paragraph 50.55, "Condltlons of construction Permits, "we

Qughness
requirements of the CRER Principal Design Criteria statecd In the PSAR.
Devlation from the CRER Design Criteria should be ldentiflad and justified.

The Inservice Inspection and Fracture Toughness survelllance requlirements to
be spec!fled for the CRERP must provide an acceptable ievel of quallity and
safety In design and construction under operating, malntenance, testing and
postul ated accident condltlions.

Responsc

I. lnservice Inspection - The Inservice Inspection plan for the ClInch River
Breeder Reactor Plant Is described In Appendix G of the PSAR. Any
exceptions to the applicable Design Criterla are ldentified and justified
In Appendix G. Also, see the response to Question CS250.2.

Il. Materlal Survelllance
1. Reactor Coolant Boundary: CRBRP Criterion 30

Provislons for material survelllance for the reactor coolant boundary
are Incorporated In the design of the reactor vessel Internais and
are documented as follows:

a) The response to General Design Criterion 30 states that
approprlate survelllance samples wil| be placed Inside the
reactor vessel thus providing means for monltoring and evaluating
potential material degradations.

b) A CRBRP Materlal Survelllance Program for the Reactor Coolant
Boundary has been drafted, and provisions of this program have
been Incorporated In applicable spec!fications and other design
documents. This program report Is being finalized and @ summary
will be Included In the FSAR.

QCS250.1-1
Amend. 69
May 1982
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Intermediate Coolant Boundary and Steam Generator System: CRBRP

Criterion 33

The Intermed!ate Coolant Boundarv and Steam Generator System
survelllance program Is being developed. A summary of this

program wl!ll be Inciuded In the FSAR.

QCS250.1-2
Amend. 69
May 1982
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Question C5290.3

Identify the components and supports In the reactor coclant system and
connectIng systems (Including the steam generator) which have been
constructed, ststing the purchese Jate and the Code, Standards, and griteria
to which they were fabtricated. Describe the procedures used for their
storage. Indicate the difference !n the purchase requlrements and the Codes,
Standards and criteriea in effect at the present time. The use of the
components shouid be Justifled on the basls that they w!ll provide an
equivaient degree of system Integrity and sefety as 1f fabr!cated to the
requlrements of the current Codes, Standards, anc criterie.

Response

The fol lowlng components have been procured and fabricated:
Component Contract Date

Reactor Vessel 4/18/75

Closure Head 11/14/75

Guard Vessels 2/26/76

Core Support Structure 3/08/76

Intermed!ate Heat Exchangers 4/23/75

Primary Check Valves 11/75

Primary Control Rod Drive Mechan!sms 5/30/75

Listing of the applicable Code editions, Code Cases, and RDT Standards are
found In the PSAR as follows:

Components Location
Reactor Vessel, Closure Head, Table 5.2-1
and Guard Vessels
Core Support Structure Section 4.2.2.3
Primary CRDM Sectlon 4.2.3.1.5
PHTS Components Section 5.3.1.2
IHTS Components Section 5.4.1.1 and 5.4.1.2

The procedures used for storage of the ldentifled components and supports
Implement the Intent and guldance of ANSI N45.2.2 as endorsed by Regulatory

Gulde 1.38.

Each |tem Important to the safe and rel lable ope-ation of the nuclear power

plant Is assigned by the designer, & classification level as defined in ANSI
N45.2.2. The Project has establ Ished and malntains storage faclllties which
provide the levels of storage as deflned In ANS| N45.2.2.

QCS250.3-1

Amend. 69
May 1982
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The Desligner esteblishes packaging, handling, and storage requirements to be
satlsfled for each component which are based on the Importance or complexity
of the component, the classification of an avallable storage faclllty, and the
component characterisltcs which must be protected or preserved (l.e., exterlior
surface, Interlor surface, contamination, temperature varlations, mclsture,
etc.). The packaglng, handling, and storage requirements Include: -

o Recelpt Inspection criterla,
o Unpacking and re-packing criteries,

o Storage maintenance (purge, dessicant, rotation, lubrication, etc.)
criteria, and

o Storage malntenance veriflication criteria.

The procedures control both housekeeping of storage facllities per ANS |
N45.2.2 and component malntenance per the packaging, handling, and storage
requlrements from the designer.

The current applicablllty of Codes and Standards used in early procurements of
CRERP components was addressed orally as part of the Mey 6-7, 1982, presenta-
tlon to the NRC on High Temperature Design. The documentation requested will
be provided In Reference QCS210.1~1.

QCS250.3-2
Amend. 69
May 1982
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Questlon £S410.2 (9.1.4)

I+ Is our poslition that overhead cranes whose fallure could damage spent fuel
or essential equlpment be designed such that In the event of the SSE they can
retaln control of and hold thelr load. The bridge and trolley shou!d be
designed to remaln in place on thelr respective runways with thelr wheeis
prevented fram leaving the trecks during the SSE. The bridge should remain on
the runway with brakes spp! led, end the trolley should remaln on the crane
girders with brakes appiled. The crane should be designed and constructed In
accordance wl!th Regulatory Position 2 of Regulatory Gulde 1.29, "Selsmic
Design Class'fication.” The maximum critical load pius operetional and
selsmically Induced pendulum and swinging load effects on the crane should be
corsidered In the design of the trolley, and they should be added to the
trolley welght for the design of the brldge.

€~r the polar crane, cask handl Ing crane, and other cranes whose fallure could
damage spent fuel or essential equlpment, demonstrate that you meet this
pos!tion.

Response

The fol lowing responses apply to the RCB Polar Crane, and the RSB Bridge Crane
(cask handlIng crane) and the SGB Gantry Crane:

(1) For critical loads, overhead cranes are designed such that the SSE wlll
not result In dropping or losing control of the heavlest critical load.
The cranes are designed as Selsmic Category I, single fallure proof,
redundant cranes to meet NUREG-0554.

(2) All cranes are provided with selsmlc restralnts such that the bridge and
trolley will remain In place on thelr respective runways during the SSE.
The bridge w!l| remain on the runway with brakes epplied and the trolley
will remaln on the crane girders with brakes applled.

(3) The subject cranes are des!gned In accordance w!th Regulatory Position 2
of Regulatory Guide 1.29, nSelsmic Design Classification.”

(4) Operationrally and selsmically Induced pendulum (1.e. swinging) load
effects have been Incorporated In the crane designs by adding these |cads
t+o the maximum criltical load and dead |oad.

QCS410.2-1
Amend. 69
May 1982
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Question C5410,3

Provide the results of an analysis which demonstrates that spent fuel and
essential equipment will not be damaged by 2 heavy load drop due to a handling
system malfunction, Include concideration of cask handling crane failure
resulting in a cask dip, polar crane failure resuiting in dropping the
heaviest load handled by this crane over essential eguipment including the
reactor vessel, ond other pertinent potential handling system malfunctions.
Tre analysis should satisfy the guidelines of NUREG-0612, "Control of Heavy
Loads at Nuclear Power Plants,”™ Section 5 and Appendix A with due
consideration for the differences between CRBR and LWR design.

Response

The CRBRP approach to control of handling heavy loads is consistent with the
guidelines of NUREG-0612. The approach takes advantage of a fundamental
difference between CRBRP and LWR designs, i.e., reactor refueling and spent
fuel storage fuel handling are done "through-the-head" rather than “open-head"”
or “open-pool."

Selected heavy loads use the single-failure-proof cranes in the RSB and RCB.
In addition to the use of single-failure-proof cranes and associated lifting
devices with the following features or procedures are used.

o Identification of safe load paths,

o Administrative controls over handling of heavy loads over or near the
reactor, Ex-Vessel Storage tank of Fuel Handling Cell,

o Polar crane interlocks to prevent handling of heavy loads and polar
crane operations over or near the reactor during reactor operation, and

o Design and analysis of the reactor and fuel storage facilities for the
impact of the heaviest anticipated load carried by the single-failure-
proof main hooks of the RSB and RCB cranes (at the maximum lowering
speed). This is over and above the requirements imposed by NUREG-0612.

Other heavy loads use the auxiliary non-single-failure proof cranes and
@ssociated lifting devices. For the EVET, FHC and Reactor, the effects of a
load drop of the maximum weight from the highest administratively allowed
working height are analyzed. Due to a polar crane interlock, and
identification of safe load paths, the drop fram the auxiliary hook is
analyzed only for reactor shutdown conditions. In these three locations, the
postulated load drops do not affect criticality, damage the integrity of the
liquid coolant boundary, or affect shutdown equipment.

The results fram impact lcad analyses for the reactor head and fuel handling
facilities are summarized below.

QCS410,.3-1
Amend, 69
May 1982
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IMPACT LOAD ANALYSIS SUMMARY

Pertinent
Location PSAR Sections Impact Loading Corsequences
Ex-Vessel Storage 9.1.2.1.1 Load lowered by a single No damage
Tank failure proof crane
Loac¢ drop fram non-single Stresses less
failure proo{ crane than ASME Code
allowables for

no gas leakage

Fuel Handling Cell 9.1.4.10.1 Load lowered by a single No damage
failure proof crane

Load drop fram non-single Damage factor

failure proof crane of 4 for rein
forced concrete.
No structural
failure. Radio-
logical conse-
quences of pos-
sible leakage of
FHC atmosphere
enveloped by
reactor cover
gas leak (see
PSAR 15.5.2.4).

Reactor 15.5.2.5.1 Load lowered by a single Possible damage
failure proof crane to head mounted

camponents.
Radiological
consequences of
cover gas re-
lease are enve-
loped by a
discussion in
PSAR Section
15.5.2.4 due
to nature of
crushed CRDMs.
This event is
not as severe as
the reactor
cover gas
release event
because the seal
failure would
result in a more
gradual leakage
of cover gas.

QCs410,3-2
Amend. 69
May 1982
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The procedures and identification of non-critical loads to be lifted over the
reactor closure head during reactor shutdown using the non-single failure-
proof-crane are curvertly under development.

The Spent Fuel Shipping Cask (SFSC) is required to have single-failure-proof
1ifting devices and can only be handled by the single failure proof Reactor
Service Building (RSB) overhead crane main hook. In addition, a safe load
pt?hlnsbeenidmtiﬁedfoztheﬁ‘scmtdoesnotmswetorwme
EVST, FHC, or safety-related equipment.

The radiological impact of the drop of the SFSC fram che single-failure-proof
crane onto the SFSC handling shaft is provided in Section 15.7.3.2.

The effect of heavy loads dropred on safe shutdown eyuipment in the RCB has
heen analyzed. Any heavy locad dropped fram the auxiliary hook can only affect
ane cnannel of the shutdown system, Since the Reactor Shutdown System is
designed to 1EEE 379, (Application of Single Failure Criterion to Nuclear
Protection Systems), as described in PSAR Section 7.2.2, failure of that one
channel, by damage to sensors, cabling, or transmitters, will not preclude
operation of sufficient equipment to achieve a safe shutdown.

QCsS410.3-3
Amend. 69

May 1982
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Question CS410.19 (9.7.3)

The normal and emergency chllled water systems provide coolling for plent HVAC
systems. HVAC units serving areas containing sodium or NeK are provided with
dralns to carry ewasy chilled water |eakage to prevent molsture carry-over In
+he HYAC ducting. Leak detectors are provided In the drains to detect ch!l'ed
water system coll fallure. Activation of the detector results In automatic
closure of the chilled water coll !solation valves. Justlfy the use of
non-safety related normal chilled water system piping and valves In HVAC units
serving areas contelning sodium end NakK,

Response

With the exception of the SGB loop cells, the HVAC unlts provided wi‘h normal
chllled water and serving areas contalning sodlum and NaK are located outside

ium and NaK cells. These cells do not require safety-related cool Ing.
Accordingly, thelr assoclated HYAC unlts are classifled as non-safety related.
For the SGB loop celis. Three barriers between the sodium and water cie
provided as follows:

a) Chlilled water piping walls

b) HVAC equipment walls which serve as spray shields

¢) Sodlum plping walls

The safety classlfication of these barrlers Is currently belng evaluated to

determine |f they provlide adequate protection against a sodlum/water reaction.
The results of this evaluation will be provided In a future ammendment.

QCS410.19-1
Amend. 69
May 1982
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Question 421.01

During meetings with the applicant and Westinchouse, several discussions have
been held concerning the fact that the primar' and secondary shutoown systems
do not each, individually, camply with Section 4.7.3 of IEEE-279 on Control
and Protection System Interaction., The applicant should document for
inclusion in the PSAR the justification of the adeguacy of the proposed design
for camplyino with Section 4.7.3 of IEEE-279. This justification should
include a discussion of the system adequacy with respect to control and
protection system interaction during periodic testing of a protection system
channel or w a protection system channel is cut of service for maintenance.
If the justification includes the use of a median selector for control

signals, plans to periodically test the median selector during plant operatinn
should aiso be discussed.

| NS
R e

The two PPS reactor shutdown systems, considered together, always meet Section
4.7.3 of IEEF-279.

The provision of two diverse and independent shutdown systems provides the

plant with an unusually high degree of prutection against cammon mode failure
incidents,

Under normal operating conditions, and in the great majority of abnormal
conditions, each system separately tully meets the reguirements of IEEE~279.

However, in a limited number of situaticas, it is possible that during testing
or maintenance of a channel which supplies signals to both protection and
control, a single sensor failure could initiate plant control actions
requiring protective action and simultareously prevent proper protective
channel response. Applying the criteria of Section 4.7.3 of IEEE 279, which
requires the assumption of a second randam failure for these channels, results
in the assumption that the protective function in one of the systems would be
disabled. In these situations, the redundant functions in the alternate
system always provide protection as required by Section 4.7.3 of IEEE-279.

The likelihood of such potentially disabling situations is limited by the use
in the control system of a median select arrangement which precludes retponse
to abnormally high or low signals. However, when one protectior channel is
placed in the trip condition, a simultaneous sensor failute in a low direction
could potentially result in disabling the proivection syste: at the same time
that a faulted control system calls for a power increase.

With regard to validation of the median selector, most failure; of the median
selector are self-annunciating (i.e., abnormal plant response is detected by
the operator or subsystems within both Shutdown Systems leadii.j to a plant
trip). Other median selector failures (eg., output not following the true
median input) occurring together with a sensor failure do not cause a plant
response. In any case, median selector failures do not invalidate the
performance of the related protection system, Nevertheless, functional
testing of the median selector circuits is performed annually as part of the
schedul ed maintenance.

QCs421.01-1

Amend., 68
May 1982
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In the majority of situations, further built-in control features (such as
built-in overall temperature loops or rod movement blocks related to alternate
flux measurements) will prevent any such overpower conditions fram developing.

where this is not the case, as previously noted, protection is provided by the
second independent protection system,

Section 4.7 of 1EEE 279 deals with contrc./protection system interaction.
There is no control/protection system interaction for the SCRS.

QCS421.01-2

Amend, 68
Mav 1982



Questlon C5421.5

Section 7.6 of the PSAR states that the Radlation Monltoring System contalins
safety related components which sre discussed In Chepter 11. However, Chepter
11 does not discuss these safety related components, CO-. rect the PSR to
Identify the safety rel ated compoents of the Radiastion Monl tor Ing System.

Rasponse

A PSAR smendment wll| be submltted by July 1982 whick w!ll Ident!fy safety
related components of the Radlation Monl toring System. Satety-related process
and effluent monitors will be described In Section 11.4.2.2.8 and Ident!fled
In Teble 11.4=1, High range contalnment area mon!iors which are safety
related wil| be Identifled In Section 12.1.4.1.

QCS421.21-5-1
Amend. 69
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Question 421.08

Document the design provisions for conducting response time tests of BOP and
NSSS protection systems In accordance with R.G. 1,118, ldentify
safety-related systems that do not have provisions for response time testing.
Discuss the techniques to be used to perlodically measure safety-related
sensor time responces,

145p0NS€:

The CRERP Protection systems sre belng designed to comply with R.G. 1.118.
The NSSS protective systems (RSS, CIS end SGAHRS Inltlation) use an overlap
testing technique to verify that system reiponse times are within acceptable
{Imits. The follow!ng features are provided for response time testing:

A. For the neutron detectors, detector-cable capac!tance checks are made with
the detectors and cables In the as-Installed configuration to ldentify
Increases In capac!tance which could affect time response of the channel.

B. For the reactor vessel level Instruments, the sensors are checked In the
as-Instal led confliguration by Inserting @ step Increase In the primary
col!| excltation current at a steady state sodium temperature and level and
monl tor ing the Increase In secondary col| output voltage due to the
Increase In magnetic fleld strength.

C. For channel response time testing, not including sensors, a test sigral
source |s connected tc the channel which can simulate the sensor Input
over the entire range. Measurements of channel Input changes and channel
output changes are recorded. These tests Include Istrument channel
equipment and the comparator trip outputs to the loglc tralns. Where
protective functions use +wo Or more varlables, channel time response s
determined for each Input to the function one variable at 2 time. The
remaining varlables are adjusted to a conservative value within the normal
operating range.

D. The Primary RSS and Steam Generator Aux!|lary Heat Removal System ( SGAHRS)
Inttiating loglc time response Is checked durling functional testing of the
loglc. Pulses ore Inserted Into the redundant Instrument channel
comparators to simulate the elght possible combinations of trip end reset.
For test Inputs with fwo or more redundant channels tripped, the log!c
output Is checked for @ trip condition. This tr1p output must be detected
within the propagation delay |Imits of the loglc traln or It Is flagged by
the tester as a fallure.

E. The Primary RSS scram breaker time response s checked by Inserting trip
signals to the logic traln and monltorIng the time to current Interruption
on the output side of the breakers. Each breaker Is tested separately to
assure compl lance w!th response time requlrements.

F. The Secondary RSS logic Is tested by Inserting a trip Input to the
comparator and monitoring the time required until the current to the
solenold scram valve In Interrupted.

Amend. 68
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Time response testing of the Secondary RSS scram solencid valves Is
Included with testing of the Secondary rods.

The CIS loglc and breskers are tested In & similar fashion to D and E.

Response time measurement of pressure or differential pressure Is
performed by epplying & pulse with & specific ramp rate and compar ing the
output of @ tested transducer with the output of & fast acting reference
transducer. The output of both transducers |s recorded on & strip chart
for subsequert computation of tihe response time.

Response time measurement of thermocouples ur RTDs Is faclilitated with the
use of & loop current step response analyzer. Tre loop current step
response ana. yzer sends a pulse of current to the thermocouple or RTD.

The anziyzer recelves time varying voltage date from the temperature
cancing device, digltizes and stores test data. The analyzer then
computes the sensor time constan® Ll d'splays this on 8 panel meter.

A sweep generator shall be provided for measuring pump speed signal
conditioning time response. The sweep generator shall have an aux!|lary
vol tage output that Is proportional to frequency output. The sweep
generator shall supply an Input to the pump speed signal conditioning
modules and the proportional voltage output will be supplied to an
oscliloscope. The output of the pump speed signal conditioning modules
w!ll also be supplied to the osclllograph.

Response time measurement of the sodim flow signal conditioning modules
shal| be accomplished utilizing a millivolt generator that provides a ramp
output. The methodology used Is analagous to the methodology described In
the prevlious paragraph.

A sensor response time moritor will be used to determine If time response
degradation has occurred In PPS channels. The device samples the normal
fluctuations around the average valve of the sensor output and determines
the time response characteristics of the sensor based on the number of
times the output signal crosses |ts average valve In a fixed time
Interval. Thls device may be used on RTDs, thermocouples, pressure
sensors, level sensors, and flow sensors as a method of determining time
response degradation of PPS channiis. Use of this methodology Is fast and
efflclent but cannot be used for Inlitial time response measurements. Only
time response degradation can be measured.

A test and callbration signal source Is permanently Installed on eacn PPS
Shutdown Panel. The signal source Is used to Inject a step test slignal
for comparater response time measurement. The step test signal Is
Inserted Into the channe! to cause a PPS comparator to trip The output
of the comparator |s compared to the output of the test signal and time
response characteristics are calculated.

0421.08-2
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SGB flooding |s detected with temperatures and humidity sensors. When
flooding |s detected the feedwater Isolation valves shut to prevent damage
to SGAHRS components. A method of verlifyling humidity sensor time response
characteristics is to be determined.

Radlation monltors sre provided with a bullt-In check source. ‘The check
source |s normally shlelded from the detector, end the shlald Is solenoid
operated. Response time can be measured by electrically actuating the
solenol d operated shleld, and obsreving the monl tor output, taking due
account for solenold response time.

Gas detectors can be tested simllarly to pressure Instruments by Injecting
known composlticn of ges through the test valves and observing the
Instrument output.

iow sensors wiose operation |s based on the hot wire technique are not
tested In s!tu. They would be removed from the plpe or duct and placed In
a test fixture In which flow can be suddenly terminated, and the flow
sensor output observed.

Sound powered phone Jacks test cabl Ing, and test polints are Incorpor ated
Into the deslgn to facllltate the testing methods descr ' bed sbove. Most
of the testing hardware |s portable but some permanently mounted equlpment
s provided to minimize the effort requ!red to measure the time response
of the PPS comparaters.

QCS421.08-3
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QUESTION CS 421.09

Identify where instrument sensors ur transmitters supplying information to
more than one protection channel, to both a protection channel and control
channel, or to more than one control channel, are located in a cammon -
instrument line or connected to a cammon instrument tap. The intent of this
item is to v« fy that a single failure in a ammon instrument line or tap
(such as break or blockage) cannot defeat required protection system

redundancy.

Instrumentation sensors or transmitters located in instrument lines or
connected to instrument taps do not supply more than on- )otection channel or
control channel. Therefore, the reguired protection action will not be
oolewtud by & blockage or breakage of an instrument line or instrument tap.

However, there are instrument sensors and transmitters located in inetrument
lines or connected to instrument taps which provide signals to both a
protection channel and a control channel. In all cases, both the protection
and control function has a three channel input redundancy. These redundant
channels use separate instrument lines and taps. For example, the super heater
steam flow Venturi provides three separate taps located 120° apart for the
redundant sensors. Thus, a single failure resulting fram a blockage or a
breakage in an instrument line or tap will not defeat the required protective
action.

QCsS421.09-1
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Response to NRC Question 421.09

In general the instrumentation shall meet the criteria of 1EEE-279-1971 and
RDT Standard C16-1T-1969, also the single failure criteria of IEEE 379-1972
and Regulatory Guide 1.53. -

A.

C.

The
are

Pertaining to the Plant Protection System (PPS) channels, each reactor
shutdown system (RSS) shall use three yedundant channels of
instrumentation to measure plant parameters.

Accident monitoring equipment redundance is per WARD-D-0307.

For Class 1E eguipment other than AsB, redundancy will be accamplished by
one of the following criteria.

i. Redundant process loops.
2. Redundant instrument channels.

redundancy requirements of the instrumentation applicable to this question
satisfied as follows:

Three redundant channels for each loop are provided for the following PPS
channels:

1. Feedwater flow

2. Feedwater temperature

3. Superheater steam flow

4, Superheater steam temperature,

5. Superheater steam pressure

6. Reactor products vent flow (east evaporator, west evaporator,
superheater, IHTS Na expansion tank.

Two auxiliary feedwater flowmeter transducers are provided for each AFW
loop to insure isolation capability with loss of one 1-E power division
(each transducer pair is powered from different 1-E power sources).

QCS421.09-2
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Question C5421.14

Discuss the CRBR design pertaining to bypassed and inoperable status
indication, As a minimum, provide information to describe:

1. Means to be used for campliance with the reconmendations of R.G. 1'.‘47.

2. The design philosophy to be used in the selection of eguipment/systems to
be monitored.

3. How the design of the bypass and inoperable status indication systems will
camply with positions Bl through Bé of ICSB Branch Technical Position No.

The design philosophy should describe as a minimum the criteria to be employed
in the display of inter-relationships and dependencies on eguipment/systems
and should insure that bypassing or deliberately induced inoperability of any
auxiliary or support system will autamatically indicate all safety systems
affected.

Response
The following responds to Items 1, 2 and 3:

1. A discussion regarding campliance with R.G. 1.47 is provided in new PSAR
section 7.5.12.

2. 'The safety functons and systems to be monitored by Inoperable Status
Monitoring System (ISMS) are based upon Engineered Safety Features of
Chapter 6 of the PSAx and are shown in the Table 7.5-4 of PSAR Section
7.5. There are 2 active safety systems which are not included in ISMS:
the Reactor Shutdown System, which provides separate indication, and the
Containment Isclation System, for which no bypasses ur deliberately
induced inoperable states have been identified. (Reactor Shutdown System
bypasses are discussed in Section 7.2.1.1 of the PSAR.) The design of
ISMS will employ the following steps to ensure that the system
inter-relationships and dependencies on auxiliary systems are properly
identified.

o For each system and subsystem in the attached table, the states of the
camponents which lead to system inoperability will be identified.

o0 The Maintenance Outline Procedures and Operating Outline Procedures
will be reviewed to identify any maintenance testing, or surveillance
activities which would cause any active camponent to be bypassed or
inoperable.

0 ‘The results of the first two items will be cambined to define the
components to be monitored and to develop the logic for identifying
inoperable systems per Regulatory Guide 1.47.

QCs421.14-1
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o In addition, the auxiliary and support systems required for operation
of all a~tive camponents in the safety systems will be identified and
the above 3 stepe repeated for these identified auxiliary and support
systems., Inoperability of these auxiliary and support systems would
be indicated by auxiliary system inoperability indications and an
indication of the inoperability of the affected camponents.

3. The design of the CRBRP bypass and inoperable status indication
systems is intended to camply with positions Bl through B6 of ICSB
Branch Technical Position No. 21 as follows:

BTP1.

["The bypass indicators should be arranged to enable the
operator to determine the status of each safety system and
determine whether continued reactor operation is permissable.”)

Bypass indication for safety systems is to be cambined on a
single ISMS indicator panel with separate indications for each
of the following subsystems: (Ref. PSAR Sec. 7.5.12)

Decay Heat Removal System

Fuel Storage Heat Removal System

Control Room Habitability

Annulus Filtration

Reactor Service Building (RSB) Filtration

00000

These dedicated indicators are activated whenever a system is determined
bypassed or inoperative.

In addition, the ISMS is supported by Plant Annunciator System (PAS) and the
Plant Data Handling and Display System (PDH&DS), and changes in the safety
eystem status are transmitted to the PAS for audible and visual annunciation
to the operator. PDH&DS cathode ray tube (CRT) displays may be used to
provide the operator information about safety systems.

BTP2.

BTP3.

["when a protective function of a shared system can be
bypassed, indication of that bypass condition should be
provided in the control roam of each affected unit."]

CRBRP shares no safety system with other units.

["Means by which the operator can cancel erroneous bypass
indications, if provided, should be justified by demonstrating
that the postulated cases of erroneous indications cannot be
eliminated by another practical design.")

Activation of bypass indication is provided by a camputer
program which is not accessible to the plant operator.
Cancellation of bypass indication is normally only possible
through removal of the condition which caused the bypass
indication (e.g., reclosing of a critical valve or breaker).

1f the condition is erroneous, the cause of the error (e.g., @
short-circuited wire) must be determined and corrected in order
to cancel the bypass indication.

QCs421 .14-2
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BTP4, ["Unless the indication system is designed in conformance with
criteria established for safety systems, it should not be used
to perform functione that are essential to safety.
Administrative procedures should not require imnmediate operator
action based solely on the bypass indications.”) P

The CRBRP bypass and inoperable status indication system is not
used to perform functions essential to safety. CRBRP operating
procedures will not require immediate action in response to
bypass indications.

BTPS. ["The indication system should be designed and installed in a
manner which precludes the possibility of adverse effects on
plant safety systems. Failure or bypass of a protective
function should not be a credible consequence of failures
occurring in the indicatiun eguipment, and the bypass
indication should not reduce the required independence between
redundant safety systems.")

The 1ISMS eguipment shall be isolated from the associated safety
related equipment so0 as to preclude any abnormal or normal
action of the ISMS from preventing the performance of a safety
function. It is intended that all electrical input connections
to ISMS from safety related equipment are electrically isolated
at the safety related equipment,

BTP6. ["The indication system should include a capability of assuring
its operable status during normal plant operation to the extent
that the indicating and annunciatirg function can be
verified.”)

The ISMS will provide a means of verifying that the indicator
lights are functional.

QCS421.14-3
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7.5.12 Inoperable Status Monitoring Svstem

7.5.12.1 Design Description

The Inoperable Status Monitoring System (ISMS) provides for an autamatic
indication at the system level of the bypassed or deliberately induced
inoperability of selected safety systems. The indication of inoperative and
bypassed status will be provided in conformance with Regulatory Guide 1.47,
"Bypassed and Inoperative Status Indication for Nuclear Power Plant Safety
Systems”™. The Reactor Shutdown System (RSS) includes indication of bypassed
status and is not part of ISMS, See Section 7.2 for the RSS details.

Specific capabilities of the ISMS include:

~n Manitnring of safety system variables and alerting the unit operator
vasuussy and audibly of a bypassed or deliberately induced inoperable
safety system.

o A manual capability to activate the safety system indicators.

No direct safety or protection function is performed by the ISMS, The list of
status information and monitoring provided by ISMS is provided in Table 7.5-4.
The data acquisition and processing camponents of the ISMS are located in the
control room area behind the Main Control Panel (MCP). The unit operator
interface controls and indicators are located so they can be seen fram the
MCP. The ISMS data acguisition system obtains the sensor status information
processes the sensc: data, and provides the status indication to the unit
operator. The processed data is transmitted to the Plant Data Handling &
Display System (PDH&DS) for presentation via cathode ray tube (CRT) displays
in support of ISMS,

7.5.12.2 Desian Analysis

The ISMS is completely designed to conform to tche requirements of Regulatory
Guide 1.47, "Bypassed and Indication for Nuclear Power Plant Safety Systems”.
The ISMS in cambination with the bypass status indication portions of the
Reactor Shutdown System provides the camplete system level coverage of safety
system indication and manual activation of indicators required by Regulatory
Guide 1.47.

The safety systems provide the isolation devices for associated safety-related
equipment s0 as to preclude any action of the ISMS from preventing the
performance of a safety function.

7.5-33d
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Table 7.5-4

Decay Heat PACC
reEoval
Aux Fw/Vent
SGAHRS
Steam Generator

Heat Transport

PHTS Heat Transport

DHRS
Direct Heat Removal
System
Fuel Storage Forced Circulation
EVST
Cooling
Heat Removal Natural Circulation
Control Room Control Roam Filtration H&V
Habitability
Annulus RCB/Annulus H&V
Filtration
RSB Filtration RSB H&V
7.5-42

Amend. 69
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Question 421.17

The information supplied for remote shutdown (PSAR Section 7.4.3) frum outside
the control roam is insufficient. Therefore, provide further discussion to
describe the capability of achieving hot or cold shutdown from outside the
control roam. As a minimum, provide the following information: .

a) A table listing the controls and display instrumentation required for hot
and cold shutdown fram outside the control roam. Identify the train
assignments for the safety related equipment .

b) Design basis for selection of instrumentation and control eguipment on the
hot shutdown panel.

¢) Location of transfer switches and the remote control station.

d) Description of transfer switches and the remote control station.

e) Description of isolation, separation and tiansfer/override provisions.
This should include the design basis for preventing electrical interaction
between the control roam and remote shutdown equipment.

f) Description of control roam annunciation of remote control or overridden
status of devices under local control.

g) Description of campliance with the staff's Remote Shutdown Panel position.

Response

The response to this question is provided in the amended text for Section
7.‘.3.

QCs421.17-1
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7.4.3 Remote Shutdown System
7.4.3.1 Design Pescription
7.4.3.1.1 Function

The Remote Shutdown System provides the means by which (1) safe shutdown
conditions of the reactor plant can be

locations outside of the Control Roam in the event
be vacated; (2) hot shutdown conditions can be maintained; and,
(3) if desired, the plant can be cooled to and maintained at the refueling

temperature.
7.4.3.1.2 Design Basis

The Remote Shutdown system is designed to use equipment located outside of the
Control Roam to place the reactor and plant into a safe shutdown condition
under the following conditions:

5
3
&
%

(a) The evacuation of the Control Room is not coincident with any other
abnormal plant condition with the one exception that loss of offsite
power may occur.

(b) No severe natural phenamena such as earthquake, tornadoes, hurricanes,
floods, tsunami and seiches (fram 10CFRS0, Appendix A, Criterion 2) occur
coincidently with the excavation of the Control Room.

(c) The plant remains in an orderly shutdown status from the initiation of
the evacuation of the Control Room to the time that cammand of the
shutdown .s re-established outside of the Control Roam,

(d) The remote shutdown operations will be cammanded from one location and
will use plant systems operated in their local mode to effect the
shutdown and decay heat removal.

(e) Plant instrumentation and control systems required for remote shutdown
operations will have transfer switches located at the local panels to
permit the plant operating personnel to select to operate fram the local
panels while isolating the remote controls or, conversely, to operate
fram the control room while isolating the local controls. The transfer
of control of a plant system from the remote to the local mode is
annunciated in the control roam.

(f) Communications between the Remote Shutdown Monitoring Panel (RSMP), the
camand location for remote shutdown operations, and the SGAHRS panels
and other local panels during remote shutdown operations will be by the
Maintenance Communication Jacking (MCJ) system utilizing a sound-power ed

telephone.

7.4-8a
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7.4.3.1.3 Remoce Shutdown Operations

The RSMP will be located in Cell 271 of the 836'-0" level of the SGB. The
RSMP will have indications (see 7.4.3.1.4) from which an operator can assess
the progress of the shutdown, and it will be the location fram which tha
operator will cammand the operation of the plant systems being operated
their local mode to effect shutdown,

14
in

The Division 1, 11 and 111 SGAHRS (Section 7.4.1) local panels will be located
in Cells 272A, B and C respectively, in close proximity to the RSMP, on the
836'-0" level of the SGB-1B. The SGAHRS, operated in its local mode, will be
used to control the removal of heat from the reactor plant to achieve and
stabilize the plant at the desired plant temperature (hot shutdown or
refueling temperature). The local SGAHRS panels will have all of the controls
and indications necessary to campletely control the system. All signale fram
the Control Roam to the SGAHRS panels are buffered to prevent faults occuring
in the Control Room fram propogating back to the SGAHRS panels. All SGAHRS
camponent controls can be transferred to local at the local SGAHRS panels.
Placing the transfer switches in "local" overrides all control functions in
the Control Roam,

The Division 1, 11 and 111 OSIS local panels are located in SGB Cells 272A, B
and C with the SGAHRS panels, and will be operated in the local mode when
required to control heat removal fram the plant in conjunction with the
operation of SGAHRS. Isolation of OSIS panel controls fram the Control Room
is incorporated in the design. Steam drum drain and superheater outlet
isolation valve controls can be transferred to local at the local OSIS panels.

whenever any SGAHRS camponent control transfer switch is placed in the "local”
position an alarm is initiated in the control Roam to alert the Control Roam
operator. The same statement is true for the steam drum drain contrcls and
superheat outlet isolation valve controls on the OSIS panels.

1f offsite power is lost coincident with having to achieve a safe shutdown
condition in the reactor plant from outside of the Control Room, the diesel
geierators will start and function in accordance with the design provided by
the Building Electrical Power System. Any operator actions required in
conjunction with operating and loading the diesel generators will be done in
the local operating mode at the DG local panels.

In the event that the Control Room must be vacated, reacto. scram and SGAHRS
operation will be initiated manually. The operating personnel will move to
the 836'-0" level of the SGB where the SGAHRS in the local mode will effect
heat removal and stabilization of the plant temperatures. Operation of the
SGAHRS in the local mode will effect heat removal and stabilization of the
plant temperatures, The plant shutdown will be directed by the operator at
the RSMP who will also assign operating personnel not continuously occupied in
operating SGAHRS to oversee or operate other systems as reguired.

Movement of personnel within the plant and access to building cells and local
panels will be controlled by the facilities and procedures of the Industrial
Security System,

7.4-8b
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7.4.3.1.4 Bguipment Design

The RSMP is the only piece of equipment provided by the Remote Shutdown
System. It will be a vertical sided cabinet assembly containing meters and a
phone jack panel. The meters will receive buffered signals fram the -
initiating systems and, thus, do not require transfer switches to isolate them
fram the Control Room, The phone jack panel will permit the operator at the
RSMP to cammunicate with the five NSSS or Nuclear Island buildings by means of
any of the three MCJ circuits provided in each of the buildings. In addition,

camunications among the buildings can be established through the phone jack
panel on the RSMP,

The indications provided on the RSMP are as follows:
-~ ©~= s~arh orimary heat transport system loope,

1 - Pump outlet sodium temperature indication (3 total)

1 - Reactor inlet sodium temperature iniication (3 total)

1 - Sodium pump shaft speed indication (3 total)
o For each intermediate heat transport system loop,

1 - IHX outlet sodium temperature indication (3 total)

1 - IHX inlet sodium temperature indication (3 total)

1 - Sodium pump shaft speed indication (3 total)

o For each superheated steam loop,
1 - Temperature indication (3 total)
1 - Steam flow indication (3 total)

o One reactor vessel sodium level meter (long probe)
o For each Diesel Generator (3 total)

Wattmeter

Frequency meter

Varmeter

Voltmeter with phase selector switch
Ammeter with phase selector switch

bt bt et et fet
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In addition to the foregoing indications, other indications used during remote
shutdown operations that are not on the RSMP will be available as follows:

© SGAHRS

Controls and indicators used for the operation of each SGAHRS division are
located on the three separate SGAHRS panels in cells 272A, B, and C. Each
SGAHRS division is separate and redundant fram the other divisions. See
the response to question 421.04 for additional information about SGAHRS
division assignments.

7.4.8¢c
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The following controls, indicators and alamms are on each SGAHRS panel.*

Controllers

Auxiliary Feedwater Flow

AFW Steam Turbine Steam Inlet Pressure
PACC Inlet Louver Position

PACC Fan Blade Position

Steam Drum Level

Steam Drum Vent

Superheater Vent

Apalog Indicators

Protected Water Storage Tank Level

_..-? "ater Storage Tank Temperature
Auxiliary Feedwater Flow
Auxiliary Feedwater Pump Discharge Pressure
4team Driven Turbine Steam Inlet Pressure
“team Driven Turbine Speed
“ACC Outlet Air Temperature
JACC Outlet Water Flow and Temperature
PACC Inlet Louver Position
PACC Fan Blade Pitch Position
Steam Drum Pressure and Water Level

Annunciators

Protected Water Storage Tank Level

PWST Temperature

AFW Supply Temperature

Steam Driven Turbine Speed

Driven Turbine Steam Inlet Pressure

Steam Driven Turbine Bearing and Lube Oil Temperature

High Motor Bearing Temperatures
SGAHRS Initiation

o Diesel speed and fuel oil indications will be available at the diesel
generator local control panels in the Diesel Generator Building Cells 511
and 512.

*Each indicator, alarm and controller is repeated on each of the SGAHRS panels
except for those associated with the AFW pumps, Panels A and B have the
controls, alarms and indicators for motor driven AFW pumps A and B; Panel B
has those associated with the steam driven AFW pump.

7.“'%
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7.4.3.2 Design Analvels

The Remote Shutdown System provides the RSMP from which an operator can assess
the progress of the plant shutdown and canmand the local operation of the
plant systems (primarily SGAHRS) to effect the shutdown. It should be noted
that the PACC subsystem of SGAHRS is autamatically initiated by all reactor
tripe, and it remains in operation for the duration of the plant shutdown or
as long as the reactor generates significant decay heat.

The Remote Shutdown System imposes no special requirements on the plant
systems, but takes advantage of the following system design features:

© 'The ability to operate in both local and remnte modes with isolation fram
and annur .ation in the Control Room when operating in the local mode.

~ m™e redindancy diversity, eeparation, isolation and reliability of the
safety grade systems,

0 'The design and location of safety grade systems equipment that minimize
the probability and effect of fires and explosions on the ability of the
systems to perform their safety function.

o 'The redundant safety grade SGAHRS provides the capability to achieve and
maintain hot shutdown and, if desired, to cool the plant to and maintain
the plant at refueling conditions.

o Wwhen transferring SGAHRS to the local mode, the operator manually starts
SGAHRS. Once started, SGAHRS autamatically controls those parameters used
to remove decay heat.

7.4-8e
Amend. 69
May 1982




Page - 4 [82-0362) #84

Question CS421.18

Provide documentation that verifies that control provided for safe shutdown
fram outside the control roam will include the capability for reset of any
engineered safety features equipment having a high likelihood of being -
autamatically initiated during the normal transient occurring following a
manual reactor trip. For example, the auxiliary feedwater system may be in
this category.

Responsc

The Auxiliary Feedwater (AFW) and Protected Air Cooled Condenser (PACC) are
subsystems of the Steam Generator Auxiliary Heat Removal System (SGAHRS). The
AFW Subsystem is not initiated during the normal transient occurring following
a manual reactor trip.

The PACC subsystem is autamatically initiated by all reactor trips, and it
remains in operation for the duration of the plant shutdown or as long as the
reactor generates significant decay heat. The PACC has the capability of
being reset at the local panels. Then, the operator can manually start and
stop the PACC units. Once started the PACC units will autamatically control
steam drum pressure the same as in the main control roam.

QCs421.18-1
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Question CS421.19

A number of concerns have been expressed regarding the adequacy of safety
systems in mitigation of the kinds of control system failures that could
actually occur at nuclear plants, as opposed to those analyzed in PSAR Chapter
15 safety analyses, Although the Chapter 15 analyses are based on -
conservative assumptions regarding failures of single control systems,
systematic reviews have not been reported to demonstrate that multiple control
system failures beyond the Chapter 15 analyses could not occur because of
single events, Among the types of events that could initiate such multiple
failures, the most significant are in our judgement those resulting fram
failure or malfunction of power supplies or Sensors cammar to two or more
control systems,

To provide assurance that the design basis event analyses adeguately bound
multiple control system failures you are requested to provide the following
information:

1) Identify those control systems whose failure or malfunction could
seriously impact plant safety.

2) Indicate which, if any, of the control systems identified in (1) receive
power fram cammon power sources. The power sources considered should
include all power sources whose failure or malfunction could lead to
failure or malfunction of fore than one control system and should extend
to the effects of cascading power losses due to the failure of higher
level distribution panels and load centers.

3) Indicote which, if any, of the control systems identified in (1) receive
input signals fram cammon Sensors, cammon hydraulic headers, or cammon
impulse lines.

The PSAR should verify that the design criteria for the control systems will
be such that simultaneous malfunctions of control systems which could result
fram failure of a power source, sensor, Or sensor impulse line supplying power
or signals to more than one control system will be bounded by the analysis of
anticipated operational occurrences in Chapter 15 of the Final Safety Analysis

Report.
Responsc

The design criteria for the Plant Protection System prohibits control system
mal functions fram endangering plant safety. Therefore, there are no control
system failures Or mal functions that seriously impact plant safety because of
protection provided by the Plant Protection System (PPS). Failure in the
following control systems could, however, cause a reactor scram to occur:
Supervisory Control, Reactor Contrcl, PHTS and IHTS Sodium Flow Control, PHTS
and IHTS Pump Speed Control, Drum Level Control and Turbine Control. The
Chapter 15 analysis envelopes the failure of multiple control systems due to
loss of power since:

QCsS421.19-1
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1) For loss of offsite power, the PPS trips the control rods upon loss of
power to the sodium pumps., Action of the control system is irrelevant,

2) Primary rod control has redundant MG cets powered fram non-UPS normal A
and B sources, Loss of A or B does not affect rod motion, For loss of A
and B, a PPS trip occurs due to steam/feedwater mismatch resulting fram a
turbine/generator tiip.

3) Failure of electrical power \non-UPS normal A) to the Supervisory Control
and Reactor Control Systems will not result in primary control rod
withdrawal., The control rod rate circuit will produce a zero rod rate
signal with zero power available. The worse that can happen on the loss
of non-UPS normal electrical power is a reduction in coolant flow which is
enveloped in the Chapter 15 analysis.

4) For Supervisory Control, Reactor Control, PHTS Sodium Flow control and
IHTS Sodium Flow Control, the design provides for controllers in different
cabinets each with redundant power supplies to eliminate power supply
failures affecting several controllers,

Superheater exit steam flow sensors are shared by the Supervisory Control and
Drum Level Control Systems, but median select circuits are used to prevent
single sensor failures form causing an abnormal condition and resulting
reactor scram, Loss of power to the median select circuits will result in a
lowering of the steam drum level and a reduction in reactor power. The Plant
Protection System will trip the reactor on a "low steam drum level” trip. The
loss of power to the median select causes the superheater exit steam flow
signal to go to zero indicating zero steam flow. This causes the steam drum
level control system to close the feedwater control valves resulting in a
decrease in the steam drum level, It also causes the supervisory control
system to decrease reactor power in order to keep reactor power egual to plant
thermal power as indicated by the superheater exit steam flow signal.

QCsS421.19-2
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Question £5421.20

As & result of the Loose Parts Monitoring Briefing held on February 24, 1982,
the staff requires & formal submittal for the following:

(1) An snalysls for ali loose objects that can occur In the primary,
Intermediate, and the steam systems and thel!r effect on safety.

(2) An analysls for the potential effects of crud on safety.

(3) An analysls for & system to detect fallures through a nolse
dlagnostic program.

(4) Criterle for & system that will satisfy Regulatory Guide 1.33 (l.e.,
CRER needs to develop thelr own threshold analysls).

(5) The des!gn concepts belng cuisideied with 8 demonstra‘ion of
feasibl| Ity.

Response

The CRBRP Project has developed and Is Implementing an actlon plan that will
fully evaiuate the need for CREBRP Loose Parts Monltoring. The action plan
will be conducted In two phases as follows:

o Phase | - Development of the basis for CRBRP Component Degradation
Monitoring

o Phase !l - ldentification of the requ!rements and Implementation
needed to support the basis 'n Phase |I.

Phase | of the action plan will establish data needed *0 a.sure that the "BRP
that the CRBRP provides a level of safety comparable to LWR's and Identify
general approaches to obtaln the needed data.

Phase |! of the action plan will (a) Identify the spec!flic monltoring
requlrements and deslign changes (1f any) needed to support monl toring
requlrements; (b) establ Ish the operational and |imiting criteria for (2); (c)
determine the spec!flc methods for Implementing (a) and (b); and (d) develop 2
plan for research, devel opment and test, !f needed, to demonstrate the
practicabl| ity of (c) above.

Phase | of the action plan Is scheduled for completion by September 15, 1982
w!th the Phase || effort scheduled for completion by February 28, 1983.
Reports on the outcome of these actions will be avallable after the above
date.

QCS421.20
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Question C5421.25

In the CRER PSAR Section 7.6, several Instrumentation and control systems are
|Isted as be!ng required for safety which have not been Included In the
tollowing discussion In Section 7.6. It Is apparent from our review of this
section that these are systems which have been omitted and also, have not been
completed. The staff requires add!tional Information to complete out review

of Section 7.6.
Response

The Information related to Instrumentation and control for the following
safety related systems Is belng developed and wil| be provided In a July 1982
amendment of PSAR Section 7.6.

rmaroency Plant Service Water System;
2. Emergency Chilled Water System;
3, Reclrculation Gas Coolling System;

4. Nuclear Island Heating, Ventllating and Alr Condltioning System.
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Question CS491.18 (4.3.3)

Cite references where your procedures (methods, codes, models and data) have
been clearly campared with some other laboratory's procedures for the calcula-
tion of Doppler coefficients, sodium void coefficients, control rod worths,
power and flux distributions, material worths, burnup, bowing reactivity
coefficients, power coefficients, temperature defects, startup coefficients,
etc, Same of the fundamental neutronics parameters of the CRBR are Doppler
coefficients, sodium void coefficients, control rod worths, power and flux
distribution, burnups, and bowing reactivity coefficients. Identify the
particular safety consideration that you feel is the most impacted, limited,
or made uncertain by each of the above parameters. Then, identify the most
uncertain link in the calculational chain for each of the parameters.

Response

There are two major areas where published CRBRP fast reactor analysis results
can be campared with independent results fram other laboratories. The first
is the Zero Power Plutonium Reactor (ZPPR) Cooperative Analysis Program with
participation by Westinghouse, Argonne National Laboratory and General
Electric. In the ZPPR analyses, cross section data and calculational methods
are benchmarked against measured integral parameters (criticality, control rod
worth characteristics, fission rates, sodium void worth, small-sample material
worths, and others) in a zero-power full-scale mockup of the CRBRP core. The
westinghouse calculations can be compared with these fram ANL and GE, as well
as with the measured parameters. The results from these camparisons are used
to assess bias factors and uncertainties in CRBRP nuclear performance
characteristics calculated with the same methods and cross section data, a
summary of which is contained in Sections 4.3.3.3 through 4.3.3.9 of the CRBRP
PSAR, The following references contain det. '1s of the analysis of the ZPPR-7
experiments:

Westinghouse: CRBRP-ARD-0237, "ZPPR-7 and 8F Cooperative Analysis
Program: Critical Experiments,®™ R. V. Rittenberger and
J. A. Lake, March, 1979, (Availability: USDOE-TIC).

ANL: Nuclear Technology 44, "Physics Studies of a Heterogeneous
Liguid-Metal Fast Breeder Reactor,"™ M. J. Lineberry,
et., al., pp. 21-43, June, 1979.

GE: CRBRP-GEFR- 00025, "Analysis of the ZPPR-7 Critical
Experiments,” A, K. Hartman and J. T. Hitchcock,
July, 1977, (Availability: USDOE-TIC).

QCS491.18-1
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The second area where CRBRP calculational methods can be compared with those
fram independent laboratories is the Large Core Code Evaluation Working Group
(LOCEWG) . LOCBWG is a cooperative effort, supported by USDOE, and including
participants from all the major fast reactor analysis organizations* where the
results of fast reactor nuclear performance characteristics, calculated with
various neutranics codes, are campared. These characteristics include k ..,
peak-to-average fission rate, breeding ratio, control rod worth, burnup
reactivity, neutron balance, and sodium void worth. The following references
sumarize the results of the analysis of the campleted benchmark problems:

DOE/TIC-1027427, *“The Large Core Code Evaluation Working Group Benchmark
Am.l1 ysis of a Hamogeneous Fast Reactor," September,
981.

DOE/TIC-2005709 and 2005710: "The Large Core Code Evaluation Working
Group Benchmark Analysis of & Heterogeneous Fast
Reactor," January, 1982.

All of the neutronic parameters listed in the gquestion, except sodium void
coefficients, factor into a variety of design basis events, They are treated
at length, including uncertainties, in Chapter 15 of the PSAR, The sodium
void coefficients are significant for the HCDA. This parameter, with
uncertainty variations, is covered in depth in CRBRP-3, Vol. 1 (Ref. 491.18-1)
and CRBRP-GEFR-00523 (Ref. 491.18-2) which are on the docket.

Ref. 491.18-1 CRBRP-3, Vol. 1, "Energetics and Structural Margin
Beyond the Design Base," Dept. of Energy, CRBRP
Project Office, March 1982,

Ref. 491.18-2 CRBRP-GEFR-00523, "An Assessment of HCDA Energetics in
the CRBRP Heterogeneous Reactor Core," General
Electric Co., Dec., 1981.

*participants in LCCEWG include Atomics International, Argonne National
Laboratory, Cambustion Engineering, General Electric, Hanford Engineering
Development Laboratory, Los Alamos Scientific Laboratory, Massachusetts
Institute of Technology, Oak Ridge National Laboratory, and Westinghouse
Mdvanced Reactors Division,

QCS491.18-2
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Questlon C5490.11

The basis for construction of 99% confluvence bands for the COF fuel eveluation
mode! was criticlized by the pertial draft safety evaluation report (SER)
prepared In 1977 on pages 4.2-44 through 4.2-46. The question Involved has
not been resolved. Please discuss the relative merits of the method used In
Reference (58) to Section 4.2 and the method suggested In the partiel SER.
Please also perform the evaluation of the two methods suggested on page 4.2-46
and provide the result. Al| page numbers refer to the partial draft SER.

Response

The Project |s unawere that any SER for CRERP has ever been Issued by the NRC.
The following response |s provided on the assumption that the basls for
construction of the 99% confldence bands for the COF fuel evaluation models Is
a concern to the ~RC.

In the COF procedure, @&s out!ined In Reference (58) of PSAR Section 4.2, the
properties of the cladding are described by | Inear regression equations which
were formulated using exper Imental data. For design level analyses, the
uncertalinties In the cladding properties are treated via 99% confldence bands
about the regression equation

The partial draft SER ralseo hree issues related +0 the confldence bands and
thelr mode of application In the COF procedure. In the fol lowing response,
each !ssue is addressed separately.

E

Intercept of regression equation,
slope of regression equation (l.e., regression coefficlent),

number of data polnts,

w ZzZ O >

™m

standard error of estimate,
student's T-statistic,
varlance In the Intercept,
varlance In the slope,

var | ance about the Independent variable In the design eny | ronment,

< « = =<
-~0 >

<>

varlance In the expected true value,
mean of Independent variable from test data,

value of Independent variable used In calculation,

possible random varlate about ;,

|-+h measured value of the Independent variable from test data,

<) X »l Y x|

mean of dependent varliable from test data,

QCS490.11-1
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? = pest estimate ot the true velue of the property,

‘7 = pussible rendom varlete ot the true value of the property,

7b = possible true value ot the property In the design environment,

7; = possible measured value ot the property In the source test
environment,

Y = |=th measured value ot the property fram test data,

= probabl | Ity (confidence) level,
Ox « standard deviation apout X,

Gy = standard deviation apout 7,

v = degrees or freedom.

A. Yalldity of the Equation Used to Compute the Confldence Bands

In the COF technique, as described In PSAR Reference (58), the varlances used
to calculate the confldence bands about the regressior. equations are computed
according to

v = sE{ ) s G-R/lv-0et] }
(A.1)

The valldlty of the apove equation has bean questioned and the suggestion made
by NKC that the proper varlance Is

V = s:’ {c + (UN) + ()?-R)/f(N-l)a,f_] i

Howe er, Equatlon (A.2) Is meant to deal exclusively with predicting possible
measured values of the property In the source test. Whereas, Equation (A.1)
deflnes the varlance In the tfrue value ot the property.

(A.2)

Clearly, the Intent ot the design procedure Is to deal with expected values of
the property In the design environment. Thus, the COF procedure employs
Equation (A.1) and adds to this tha anticlpated variances (l.e.,
uncertainties) In the Independent variables as encountered In the design
environment,

To highlight the fundamental differences between the twc equations and thelr
appl ication, they are derivec In parallel In the discourse which fol lows.

QCS490.11-2
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Glven & test which ylelds N measured values of @ property, Y, snd the
assoclative values the Independent variable, X, then, by definition:

:? = (lloi) ;E; Y} ’

(A.3)

a’; B [l/(N-l)] z(?’r‘)z ’ (A.4)

te)

N
-x ==('/N>‘f-"|xi ) (A.5)

a; = L‘/(N“)] g (i-xi)z | (h.6)

I Y Is ilInearly dependent on X then a | iInear regression equation can be
formuleted so that

Y = AtBX

(A.7)

describes a line (l.e., & regression | 'ne) !plch Is a best estimate ot the
mean (true) value or the property when X = X.

The standard error ot estimate for the N measured points Is glven by

S: = [l/(N—z)] i (?,"‘Yi)z

Y (A.B)

~
where Y. Is the value or the regression equation evaluated at the test's [-th
valua o* X. The standard error ot estimate Is somewhat comparable to the
standard devliation vis-a-vis the regression |ine; It accounts for all random
varlations In the test data such as random measurement errors, varlablllty In
the pre-condltioning ot the test specimens, varlablllty In the test's
environment and the related variablllty In the Independent veriable.

The varlance In the Intercept ot the regression equation Is given by

2
Va = S /N (A.9)
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and the verlance In the siope Is gliven by
z -
V, S,/i (x-x‘-)z = S:/[m-s} 0': ]
|

A~ ~ ,.
The variance In Y sbout the regression |ine at X=X |s obtalned by summing the
verlences In the slope and Intercept, 1.0,

(A.10)

V(Q) =Vat Ve ()?'i)z (A1)

~
Note that V(Y) |s the varlance In the estimate of the property's true value as
cetermined from the test and Is not the varlance In the test data.

Assume for a moment that all collateral variabllities need not considered.
In thls case, & single possible value ot the true property at X=X would be
glven by

g?' = '§> + RV ( <>) *

(A.12)

where R Is understood to be & sultable multipllcative factor. In other words,
Equation (A.12) deflines the variabl|lty of the expected true value of the
property If X were known precisely and |f there were no extrinsic random
errors.

in reallty, the overall variabl|lty in the expected value of the property
depends on the collateral variabl|1ties that are operating under any given set
ot conditions; these collateral var|ances must, of course, be added to
Equation (A.12).

¥ one were Interested In estimating a possible measured value ot the property
In the scurce test® Itself then the appropriete collateral variance must
Include the random measurement errors, the variability In pre-conditioning,
etc. Thls, of course, Is described directly by the standard error of estimate
glven by Equation (A.8). I+ fol lows thereforg, that In the source test, 2
possible measured value or the property et X=X Is glven by

#A source test |s defined as the test used to obtaln the N measured datas
polnts one which Is loentical In every way.

QCS490.11-4
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A AN
~ - RS
R AR RY (Y) . (A.13)
Expanding Equation (A.13) ylelds
5 '/2.
Y. = A+BX + RS {\ £ OM) * (X-%) /L (N-D 0:]}
(A.14)

Note that the variance employed In Equation (A.14) Is exactly the form
suggested by NRC LI.e., see Equation (A.1)] and that (A.14) Is relevant only
In computing possible measured values In the source test.

It the property In question Is to be used In & design calculation, then there
s n> Interest In the collateral verlance assoclated with the source test's
random errors. Indeed, for a design calculation, the approprieate col lateral
verlance(s) must reflect the unceriainties In the design environment es well
as the speclfic nature ot the design problem.

Typlcally, the collateral variances assoclated with the design environment are
treated vie an assigned uncertajnty In the Independent variable. Thus, let V

be the assigned varlance apout x In the design environment. Then, & possible

true value of the property In the design environment Is given by

Y- ¥ o+ RV + BR

(A.15)
Expanding Equation (A.15) ylelds
~ a 2
Yo = A+B[x4‘szp ] + R\SES('/N) +
(X +RaVp'2-X )’7[(N-l) cr,"] } % (A.16)

Let X be & possible random variate of the Independent parameter, l.e.,

- A e
(A.17)

Then, 1t follows from Equation (A.16) that

~ ~ - |
Yo= A+ BX & RSe { UM+ (R-X5/[(N-Dox ]} &
(A.18)
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Equation (A.18) Is @ direct expression ot the typical epplication of &
regression equation to & design problem. Specifically, the design level
estimate ot the true property Is computed using the regression equation and
Its varlance, both evaluatd at the design level velue for the Independent
veriable. :

Equation (A,18) represents the procedure employed by the COF technique to
compute cladding properties; note that the varlance used In (A.18) Is exactly
thet specified In PSAR Reference (58).

. Ihn_Dl:1Llnu1JsuL£u_Dl1n_E9ln1a_8l1nI1xl_In_Ihl_GQnilnlnsn_Enlnis_Ahnntal
Bmmﬂ.nn_f.nuﬁ.nn.

In Section IV ot PSAR Reference (58), & serles ot Figures compare the
regression equations to thelr source deta, Included In these figures are the
95% confldence bands about the regression line. In all cases, a large
traction ot the data fall outside the confldence bands.

The question has been trequently asked as to why 99% of the data are not
enclosed wlth the confldence bands and condequently, questions the bands'
valldlity.

As conventlonally defined, contidence |imits address the probabi | Ity that the
true value or the property (l.e., the mezn) |les within a certaln range.
Thus, there |s no requirement that the confidence |Iimlts encompass the data.

On the other hand, the |Imits which are expected to encompass & speclfled
fraction ot the data are frequently referred to as tolerance limits; these
limlts may be used to agdress the probabl |1ty that & measured value (l.e., 2
data polint) will fall within » certain range.

Conventlonal |y defined conflidence pandg about a regression equation can be
described by Equation (A.18) with X = X and ‘R‘l taken to be a proper value of
the student's T-statistic. In other words,

~ A &k o 2 '/l
Y= A+BX + TS, {(«/~)+(X-X)'/L<~">°1]§ e
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Simllerly, Equation (A.14) would describe the tolerance bands, l.e.,

|
o s T {10 s G100
(B.2)

Equation (B.1) eddressed 1 o* obabi |1ty that the true value of the property
|les with the range 3\ - § ; tquation (B.2) addresses the probab! |
that data points will fall with the range 2|V~ | . Clearly l\'—? <
1Y = ; thus, one would anticipate that data points may fall
outs!de the confldence bands.

C. nnnanzxn1lxnnn:s_n1_1nn_CD£_Dnslan_E:n;nnncn.

As ment!oned ear!ler, for design level analyses, the uncertalnties In the
claading's properties are treated In the 99% confidence bands about thelr
regression equations; these are teken to combine In the most unfavorable way
possible. vepending on the property In question the most unfavorable level
may be the upper or lower conf idence band.

In Section ¥ of PSAR Reference (58), the design procedure Is examined and
verifled using a number ot Independent sources of data. In these verification
examples, the design procedure successful ly bracketed, or would have
precluded, ell or the fallure data from (2) multistage stress-rupture tests,
(b) creep/tensile and creep/burst tests and (c) FCTT tests.

The veracity ot the above verlflcations has been questioned®. Specifically,
It has been suggested that |f the conf |dence bands do not encompass all of the
data trom 2 respective source tests, then the |imits computed In the
verificatl | examples could not have bracketed the fallures as shown,

In view ot the discussions In Parts A and B, It should now be clear that,
wlthin the capablllities ot the models, the design procedure should bracket &
vast majority ot the ¢allures. Specifically, It was shown that the contldence
bands describe the limits of certalnly about the true values of the

properties.

%Al | ot the Information and data necessary for the dup!lication of the
veriflcation analyses are contalned within PSAR Reference (58).
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Thus, the design level COF, computed with the worst combination of 99%
conf ldence bands should echieve unity prior to any COF computed with random
comblnations or the properties ss might be encountered In nature.

I+ was with this point In mind 1het the following study wes undertaken.

The objective ot the study was to wompare the results of a typical design
level fuel pin analysis with that from a Monte Carlo analysis. In the Monte
Carlo treatment, the valiues for the varlous properties sre randomly chosen
from simuleted experimantal populetions and then comblned at random. This Is
done In a large number ot FURFAN computations. Thus, within the capabl Ities
ot the models, the Monte Carlo treatment ylelds a sample of COF values orawn
from a population having variabllity comparable to that which would be
obtalned In nature. In this regard, the Monte Carlo distributions In the COF
may be taken 3s estimates of the conditional probabl | ity of achieving givan
COF values.

The operating parameters assumed for this analysis are summarized In Tabie
QCS490.11=1, These parameters correspond to conditions with 20 plant factors
preval | Ing; note that these parameters remaln the same within each Monte Cearlc
trial.

The results ot the typical deterministic design level analyslis for the subject
pin Is glven In Figure QCS490.11-1, As shown, by combining all properties at
thelr worst confldence levels a COF = 1.0 Is achleved after 540 EFPD. In
comparison, & combination ot properties at thelr nominal levels (with the 26
factors stil| prevalling) yields a COF of 0.905 after 825 EFPD.

The Monte Carlo analysis Invoived 100 trials each using a set ot properties
which were randomly chosen from thelr respective distributions and randomly
comblined. Figure QCS490.11-2 glves the resul tant distributions of COF values
et 540 EFPD, the time the design |imit Is achieved. Note that et this time,
the entire population of possible COF values Is below unity with 99% of the
values less than 0.8.

Figure QCS490.11-3 shows the cumulative distributions In the COF's at various
t+imes during trhe 825 EFPD operating period. As such, this flgure represents

QCS490.11-8
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estimates or the time dependent, cumulative condltional probabllities of

schleving COF velues

{ess than some speclfic value, l.e., P(CDF < X).

Figure QCS490.11-4 compares the cululative conditional probebl|lty estimete

for COF < 1.0 to the
EFPD 1imlt P(CDF < 1
P(COF < 1)~ 543, |
there |s aimost & 10

design level and nominal COF's. As shown, at the 540
) ™ 1008. At 825 EFDP, where the nominal CDF Is 0.91,
n other words, et the steady state limit (l.e., 540 EFPD)
0% probabliity that the COF Is less than unlty; also,

atter 825 tFPD there |s ~ 54% probabl |1ty that COF < 1.0.

0" AT
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TABLE QCS490.11-1 SUMMARY OF PARAMETERS USED IN ANALYSIS

inside Radlus ot Cladding: 0.100 Inch
Outside Radlus of Cledding: 0.114 Inch
Axial Location: X/L = 1.0
2o Plant and 20 Hot Spot Factors

TIME TEMPERATURE (°F) PRESSURE
(DAYS) 1.D. 0.0. (PS1)

0 1308 1284 180
275 1236 1211 500
275 1259 1234 540
559 1195 1170 1150
550 1214 1187 1150
825 1152 1128 1750
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Questlon C5490,39

Meny computer codes were used by the CRBRP designers to perform the thermal
end hydraul Ic analyses presented In section 4.4 of the CRBR PSAR. Same of
these codes ere proprletery and some were developed by the CRBRP or Its
contractors and are not widely avallable. To evaluate the applicabllity of
these codes to the thermal and hydraul Ic analyses presented In section 4.4,
substantlially more Information Is needed than |s presented In section 4.4, In
Appendix A, and In the references clted In Appendix A, Therefore, please
provide code manuals and/or detalled descriptions along with code |1stings for
the fol lowing codes.

a. CATFISH

b. CORINTH

~ MTEC

d. CRSSA

e. DEMD

f. FATHOM-360
g. FATHOM-360S
h. FLODISC

I. FORE-2M

J. NICER

k. OCTOPUS

{. TRITON

Response

Since last submission of the CRBRP PSAR, two of the codes In the atove |Ist

have been superseded. The CBRINTH code has been replaced by the DOE national
program code OFBRA-WC. Also, the FL@PD!SC code has been replaced by CPBRA-WC
for analysls of very low flow (natural clrculation) conditions. In the flow
range from 1008 to ~ 105 flow the FLPD1SC code has been replaced by CATFISH.

The CRAB-11 code which snalyzes the primary control assembly steady state
hydraul Ics, scram dynamics and flotation behavior should be added to the | Ist.

Descriptions of the major features, mode!s applications and typlcal results of
+he above codes have been reported In the open | 1terature; a |1st of these
papers/articles/reports Is attached.

An extenslve valldation effort Is ongolng for all of the above codes.

Manuals and valldation reports for all the above codes wll| be provided prior
to FSAR submittal. Appendix A wlil be mod! fled to reflect the above changes.
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AVAILABLE OPEN LITERATURE PUBLICATIONS

CATF LSH

1)

2)

M.D. Carelll and J.M. Wilils, "An Analytical Method to Accurahi'y Predict

LMFBR Core Flow Distribution”, Irans. Amer. Nucl. Soc., 32, pp. 375-576,
1979.

M.D. Carelll and J.M. Willls, "Analytical Modeling of Core Hydraul lcs and
Fiow Management In Breeder Reactors", Proceedings of the Xv!1l Congress of
the International Assoclation for Hydraul Ic Research, Caglieri (ltaly),
September 10-14, 1979.

roTER

1)

2)

3)

4)

5)

6)

E.H. Novendstern, "™Mixing Mode! for Wire Wrap Fuel Assembl ies", Irans.
Amer. Nucl. Soc., 15, pp. 866-867, 1972.

E.H. Novendstern, "Turbulent Flow Pressure Drop Mode! for Fue! Rod
Assembl les Utlllzing a Hellcal Wire Wrap Spacer system", Nucl. eng.
Deslgn, 22, pp. 19-27, 1972.

Y.S. Tang, M.R. Yeung and M.D. Carelll, "A Core Design Subchanne! Ana'ysls
Code Callbration and Validation", to be presented at the ANS Annual
Meeting, Los Angeles, June 1982.

F.C. Enge!, R. A. Merkley and B. Minushkin, "Buoyancy Effects on Sodlum
Coolant Temperature Proflles Measured In an Electrical ly Heated Mockup of
2 61-Rod Breeder Reacter Blanket Assembly", ASME -7 B-WA-HT-25.

F.C. Enge!, R.A. Markley and B. Minushkin, "™Heat Transfer Test Data of a
61-Rod Electrically Heated LMFBR Blanket Assembly Mockup and Thelr Use for
Subchanne! Code Callbration”, In Fluld flow and Heat Transfer Over Rod or
Jube Bundles, pp. 223-229, Amer lcan Soclety of Mechanical Englneers, New
York, 1979.

F.C. Enge!, R.A. Markley end B. Minushkin, "The Effect of Heat Input
Patterns on Temperature Distribution In LMFBR Blanket Assemb! les",
ANS/ASME International Topical Meeting on Nuclear Reactor
Thermai-Hydraul Ics, Saratoga Springs, NY, October 1980, NUREG/CP-0014,
Yol. 3.

DEM

1

W.H. Alllston, "LMFBR Demonstraton Plant Simulation Mode! (DEMZ)",
CRBRP- ARD-0005, February 1978.

FATHEM 360 AND FATH@M-2605

1)

M.D. Chuang, M.D. Carelll, C.W. Bach and J.S. Killimayer,
"Three-DImensional Thermal-Hydraulic Analysls of Wire Wrapped Rods In
Liguld Metal Fast Breeder Reactor Core Assemblies", -

Eng., 64, pp. 244-257, 1977.
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2) M.C. Chueng, M.D. Carelll and M.R. Yeung, "D istributed Parameter Analyses
of the Thermal-Hydraul lc Behavior of Wire Wrapped Rods In LMFBR Cores”,
paper submitted to the 2nd International Toplical Meeting on Nuclear
Reactor Thermalhydraul Ics, Santa Barbara, January 1983.
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NICER

1) M.D. Carelll, C. W. Bach and R.A. Merkley, "Analytical Techniques for

Thermal hydraul ics Design of LMFBR Assemblles”, Jrans. Amer. Nucl. Soc.,
12, pp. 423-424, 1973. .

2CTRPUS

1) M.D. Carelll, A.J. Friendiand, C.W. Bach and R.A. Markley, "An Optimized
Method for Orlflicing LMFBR Cores", Jrans. Amer. Nucl. SoC., 26, pp.
437-438, 1977.

2) M.D. Carelll and C.W. Bach, ™Orificing Interchangeable LMFBR Cores",
Irans. Amer. Nucl. Soc., 34, pp. 268-270, 1980.

0112

1) M.D. Carelll and C.W. Bach, "Thermal-Hydraullc Analyses for CRBRP Core
Restralnt Design", Irans. Amer. Nucl. Soc., 21, pp. 393-395, 1975.

2) F.C. Engel, B. Minushkin and R.A. Markiey, "Compar ! sons of Design Code
Predlctions with LMFER Blanket Heat Transfer Test Resul ts", American
Nuclear Soclety and the European Nuclear Soclety November 1980
International Conference, Washington, D.C.

CRAB and CRAB-11|

1) M.D. Carelll, C.W. Bach and R.A. Markley, Hydraullic and Scram Dynamics
Analysls of LMFBR Control Rod Assembl les", Irans. Amer. Nucl. Soc., 16, 1,
pp. 218-219, 1973.

2) M.D. Carelll, H.W. Brandt, C.W. Bach and H.D. Kullkowsk!, "LMFBR Control
Rods Scram Dynamics®, Irans. Amer. Nucl. Soc., 18, Ppp- 278-273, 1974.

3) M.D. Carelll, L.A. Baker, J.M. Willlis, F.C. Engel and D.Y. Nee, "CRAB~- 1| :
A Computei Program to Predict Hydraullcs and Scram Dynamics of LMFBR
Control Assemblles and I|ts Validation", to be presented at the ANS Toplcal
meeting on Reactor Physics and Core Thermal=-Hydraul ics, Kiamesha Lake, NY,
September 1982.

COBRA-WC

1) T.L. George, K.L. Basehore, C.L. Wheeler, W.A. Prather and R.E. Masterson,
WOJBRA-WC: A Verslion of OFBRA for Simple~Phase Multi-Assembly
Thermal=Hydraul Ic Transient Analysis®, PNL-3259, July 1980.

2) E.U. Khan, W.A., Prather, T.L. George, J.M. Bates, "A Valldation Study of
the CPBRA-WC Computer Program for LMFBR Core Thermal-Hydraul Ic Analysis",
PNL-4128, December 1981.
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EQRE-2M
1)

2)

J.N. Fox, B.E. Lewler and H. R. Butz, "F@RE-11: A Computetional Program
for the Analysls of Steady State and Translent Reactor Performance”,

GEAP-5213, September 1966.
J.V. Miller and R.D. Coffleld, PFPRE-2M:

Mod!fled Version of the FBRE-II

Computer Program for the Analysis of LMFBR Trenslents”, CRBRP-ARD-0142
(avallable from US/DOE Technical Information Center), November 1976.
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