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'*Questxon 001, 246 (15.7.1. z 21

"Prov1de a list of "Perferred D1rect1ons" for a]] safety-re]ated air-
-operated valves.

'Resgonse:

"‘fThé‘infOrmatfon requestedfisvprovided.in fespohsé”to‘Quest10n10014245J'

Amend. 3

Q001.246-1 August 1975




Quest1on 001. 247 (]5 7 1.4.2)

Just1fy the statement that there w111 be no effect on reactor vesse] . 'j;
- sodium level with a cover gas pressure 1ncrease from 10" W.G. to 15 psig

Response:

The reactor vessel, pump tank and reactor overflow tank are all
_connected with a gas equalization line which will maintain the pressures _
equal during this pressure transient. Levels, therefore, will. not change.A

Q001.247-1 " Amend. 6
S Oct. 1975




'Quest1on 001 248 (15 7 1.4. 2)

-Prov1de the perm1551b1e 1eakage rate for the e]astomer sea] System at
15 psiqg. : .

Resgonse:

Revised Section ]5 7.1.4.2 prov1des the requested 1eakage rate for the
elastomer seal system at 15 ps1g

Q0071 .248-1

Amend, 25
Aug. 1976




“Question_001.249 _(05.7.1.4.2)

.:onﬁrm that it is a des1gn basis that IHTS pumps wﬂi:l'op_erate
with.cover gas pressure at atmospher1c, w1thout cav1tat1on.__

Resgonse. .

_The .requested information is provided in revised Section 5.4.2.3.1.

Q001.249-1 |
Amend. 25
Aug. 1976




_Questlon 001 250 (15.5.1.5.8)

Provide the ana]yses supporting the . va]ue of a pump d1scharge pressure
of 308 ps1q ;

Resgonse

'Sect1on 15.7.1.5.2 has been reVised to address this question.

0001.250-1 Amend. 8
: ' Dec. 1975




Quest1on 001, 251 (15 7 2 1 2)

Provide ‘an analys1s of the react1v1ty effects of the max1mum quantIty
of oil available 1nthesystem ‘being introduced into: the sodium coo]ant
(assum1ng a release of ‘hydrogen_ gas) and enter1ng the core.

Resgonse:

T his analysis is in reViSEd:Section 15.7.2.1.2.

Q001.251-1

Anendiofs




Questlon 001 252 (15 7 2. l 2)

_'Prov1de an estlmate of the change in the P1ugg1ng5,aﬁ¢; :
~a release of the maximum quantity of 01] avallable 1nto theg od

Resgonse

The response. to QOO] 251 gave 1nformat1on on thls subJect re]at1ng
potential reactivity effects to hydrogen formation from reactlng 011 —
w1th the sod1um coo]ant and is supp]emented by the response g1ven be]ow;%_n

Section 15. 7. 2 1 Inadvertent Re]ease of 011 Through Pump Seals (PHTS) o
has been revised to reflect the latest pump concept.- The discussion R
of causes and effects including the change in plugg1ng temperatures 1s

provided in the rev151on _ o :

Q01.252-1 - | © Amend. 19
| - ay 1576




~Provide an analysis of the sensitivity of the irert gas monftthngf‘
. system foradeteCting oil leaks.. = B L YRR

~ Response:

'.f.PSAR”Sectiona9.8,2.2f1dentifiesathe.IOCationvpf:the;samp}ing;pOiﬁt' 2
»,for:the~Primary:Cover.Gas-Samb]ing;and;MonitdringySystEmﬂasgnear. B

the reactor cover gas outlet nozzle. ' This location was chesern to

" “vreduce transit time and dilution effects on detection of fuel clad:
defects. Taking samples from this point, -however, minimizes the

~ monitoring system capability of detectingsthé,Hz»whiCh would' be

released should oil leak into a pump tank. ‘ L

The primary means of detecting an oil leak is the oil inventory
monitoring instrumentation which monitors the level of 0il in the
‘various pump sea],oil;tanksm‘fThe.designiofvthis‘systemkis?ndt,yet[
“complete; therefore the sensitivity can not -be:specified at: th 5
time. However, as noted in Section nte
the 6 gallon oil off-leakage tank co

ng public health and safety.

»

-;withput impacti

, ' o - Ameﬁd. 24
Qoo1.263-1 July 1976




: Prov1de the max1mum perm1ss1b1e leak rate for the RAPS surge vessel'_,

- Technical specifications regard1ng the maximum perm1ss1b1e 1nventorya1na-

K technical sgec1f1cat1ons on (a): the;RAPS su

Quest1on 001 254 (15 7. 2 41

' Resgonse _
'Sectlon 15.7.2.4 has been rev1sed to 1nc1ude discussion of the RAPS

surge - ‘vessel cell design leak rate.  This Teak rate will assure that
in the event of a single vessel failure, the associated doses will be
less. than the limiting values of 10% of 10CFR 100. Test1ng provisions

' regard1ng the leak rate is also addressed

the RAPS surge vessel are discussed:in:PSAR. sect1on 16 3. 6 2.3

tory and (b) cell leakage rate will asSure th &
associated with a postu]ated vessel rupture wr]Tfnot exceed:ap
Federal Regulations. _ I

. Amend. 8
Q001.254-1 | Anend. 8




‘Quest1on 00] 255 (15 7. 3 1 2)

Prov1de the ca]cu]at1ons supportlng th1s sect1on.

: ResEonse'~"

_The text of PSAR Section 15.7.3. 1.2 has been rev1sed to 1ncorporate
the. requested ca]cu]at1ons. :

| o Amend. 25
Q001.255-1 Aug. 1976




'»Questwn 001 256 L15 7 3 1. Zl

. ‘ . '_Just1 fy the assumptlon that the assemb] y will r‘etam 'i’tS‘”S"':t‘rujC‘fu‘f‘?t%i'fl]'f*iifr_gt_e;g
.Resgonse | | ' A B ' |

'Just1 f1cat10n of th1s assumptlon 1s prov1ded m r'ev1sed Sectmn 15 7 3 1 2

Q001.256-1 - Amend. 25
o - Aug. 1976




Quest1on 001 257 (]5 7. 3 1 2)

»Just1fy the assumpt1on that only f1ss1on gases are re]eased on c]a
‘11m1ted fue] me]t1ng AR

Resgonse

The Just1f1cat1on for the above assumpt1on 1s found in rev1sed Sect1on
15 7.3.1.2. . S _

Also, the disposition of the fission pfoducts is discussed in the .response.
to Question 001.212. As discussed there, only the Kr, Xe, and I activities '} =
;contr1bute to the total off-site doses presented in Sect1on 15. 5 2 3 B L

Q001.257-1 |
Amend;'25 :
Aug. 1976




'-'stant1y released to the RCB. The' cover gas act

’ Quest1on 001 258- (15 7 3 4. 1)

Provide an analys1s of the- consequences of a: re]ease of cover gas to the
HAA. : .

: Resgonse

The Head Access Area (HAA) atmosphere commun1cates free]y with the upper- .;;s‘gff
RCB atmosphere. To provide a conservative, upper bound estimate :of. the o
potential consequences of postulated cover gas: releases to.the HAA, an.
instantaneous release of the entire primary system cover gas 1nventory to
the RCB is evaluated. Such a release is considered- hypothet1ca1, its
- consequences are evaluated to demonstrate -that even. for this limiting-
- case release, no danger to the hea1th and: safety of the pub11c ex1sts

' It is. assumed that the entire pr1mary system cove ﬂg;
Cover Gas, Overflow Vessel Cover Ga$, and PHTS Pump .

Y. -for :
is-based on continuous plant operation with 1% failed fuel = the des1g,x
basis failed fuel fraction. Following such a postu]ated reléase, the
automatic containment isolation system, described”in Section 6.2 and- 7. 3ﬂ
of the PSAR, would be activated and containment isolation effected; the
potential consequences of this event would be - Tim: ‘to direct. gamma. -+ -
shine exposure from the radioactive cover gas released to ‘containment and
_to leakage of the cover gas activity through the low Teakage RCB.

The design Teak rate of the RCB is 0.1% Vo]/Day at 10 ps1g For the
~postulated event considered, no mechanism exists to pressurize: contain
However, for conservat1ve ana]ysis a constant 1 p51g conta1nment ove
sure ‘was-assumed.  This.1 psig: overpressure is-a conservative-a
" building -heatup, fo]]ow1ng containment isolation and possible: bar,_ e,
variations. Based on a square root pressure- leakage ‘relationship, conta1n- L
ment 1eakage at 1 ps1g is .0.032% Vol/Day, or on a fractional basis, 3. 7 X 10‘ﬁz aC,

.'Table Q001.258-1 itemizes the- 1sotop1c primary system cover. gas 1nventory,
“pased on continuous plant operat1on ‘with 1% failed fuel; for this analysis
- this radigactive inventory is -assumed instantly released to the RCB. »
-~ Column 2 of the table Tists the activity per isotope re1eased to the. env1r-'
onment during the first 2 hours follawing the postulated event.. Column.3-
Tists the total activity per isotope released to the env1ronment These’
~ enyironmental releases were determined considering rad1oact1ve decay . -
: dur1ng holdup 1n the RCB and cont1nuous leakage from the RCB at 0. 032%
*V01/Day

VTab]e Q001.258-2 summarizes the potent1a1 site boundary and Tow popu]at1on :

" zone.doses resulting from this postulated_event. As the ‘table indicates, a
:large ‘margin (greater than a factor of 10° ) exists between the potential '[
doses and the 10CFR100 guideline values. It is therefore concluded, that

‘even for this hypothetical case cover gas re1ease no danger to the hea]th

and safety of the public exists.

_ : . Amend. 62
Q001.258-1 - o - Nov. 1981




Tab]e QOO] 258- 1

Radioact1v1ty Release Fo'l]owmg Hypothetma]
Cover Gas Re]ease 10 RCB (Cu?"tes)

T

A Priméry‘Covgr~f - Env1ronmenta1 Re]ease o

Isotope - - Gas Inventory = 0-2 Hrs. (- ; . Total -
Yeldm 262 6.89-4 xx Llel . |
Xel3am . - 816 . . 551 .. . o8 41-1
¥el33 0 14,90 3901 0 "735 2 ]ffilfff”“?
Xelssm . 2,380 RS

__*Xe135:~f_. e 56,900

'Kr83m}'ﬁ'-:"j:_':' S 1,410 |
KegSm -~ . 3,930

Kegs ~© 0.9
“KeBZ. . 3,600

Kr88 - 6,840

Ar39 . 352
A1 2700
Ne23 . . 1.4146
W g.ees

* Based on continuous operatmn with 1% fa-”ed fuel. Includes ,
- Reactor, Overﬂqw Vessel and PHTS Fumps Cover Gas.

*-*- 6. 89 4= 6.89 x 10 4

| Amend, 62 y
Q001.258.2° Nov. 1981 : .




tabJeeded;ésaaz .

Potent1a1 Off-Site Doses Fol1ow1ng Hypothet1ca1
Instantaneous Cover Gas Re1e§§e to RCB B

~ Dose ‘(Rem)* * .
Swte Boundary | Low Popu1at1on Zone
- (e- hours)' N - (30- days)
(Q 42 m11es) '/2 5 m11es)

T

-~ Total Who1e Body* s 03 X I0”4 gs x w0

Thyro1d | - 2.7 x 10 _; 6. 22 X 10"11
g Lsxw07" 6.87 x 107"
Bone . . ”1." | _O_ - ) 0”  u
REEm . s
Thyroid a0 300

* Includes ,gammqfclaua and,inhaTation'¢gsés.

L. Atmospheric dispers1on based on 95th percent11e-xVQ s per
Amendment 38 to Chapter z of the PSAR, . _

Q001.258-3 © Amend. 62
S o Nov. 1981




-\(ucaulull AR \ld.l./\[c» :

Provide ana]ys1s of - leaks 1n the EVST NaK system, 1nclud1ng the
alrblast heat exchanger. '

Resgonse-

The: response to this. quest1on has been 1ncorporate‘f:'““;f“‘”"
add1t10n of Sections 15.7.1.6 and 15 7.2. 6 T

L 3 A August, 1975 -




Quest1on 001.260 (Append1x D)

_ Tabu]ated by page. number and paragraph are some very brief notes/comments/
‘ observations on what appear to be statements that either acknowledge:
' existing uncertainties or provide amb1guous judgemental statements about

the: current CDA analyses which requ1re add1t1onal 1nformat1on for support

and c]ar1f1cat1on

TABLE 001.260

PRELIMINARY SUMMARY - COMMENTS ON ACCIDENT ANALYSIS
C SECTIONS IN APPENDIX D OF CRBRP PSAR _ '

- PSAR Location . ' _‘ ,‘:. Ident1f1ed Uncerta1nt1es _N,

- a. Third paragraph - from o ;“Clad and FCI re]ocat1on m‘
top P.D2-2 N ' "unrea]1st1c - Exp]a1n

 b. Last paragrapth 02-3 ' "Use of SAS beyond ver1f1ed
o . ~capabilities" - Explain-and’ expand

c. Last paragraph P. D5-2 "Ejected fuel distribution and
stability" - Explain bases of -
statement, including scop1ng
ca]cu]at1ons

d. Footnote 2 P. D5-3 Define "maximum consequences"
o ; _ context of - a complete analys1s LS -

. . e. Section D5.1.4 P, D5-6 ' Descmbe the apphcatwn of
o meter-variations to accident’
~ scenarios and derived 1oad1ng

f. Section D5.4.3 P.D5-7 Insuff1c1ent consideration of
uncertainties in fuel failure
“criteria - Give further explanations

g. Last two paragraphs P. D5-8 Uncertainties in fuel motion -
: Explain and expand

h. Section D5.1.4.7 P D5-9 Be more specific on what model

‘ | v uncertainties will be addressed

1. Next to last paragraph Need further justification'for
P. D5-10 use of fresh clad properties

j. Next to last paragraph ~ Provide the 2D T/H consideration .
P, D5-13 which lead you to conclude the SAS

was unrealistic. Also explain how
review of FFTF led you to conc1ude

Q001.260-1 ~ Amend. 6
_ . October 1975




k; Last paragraph P.D5-13‘n

1. Last paragraph Section
" D5.2.4,p.D5-25

S m. 'Fourth paragraph from
"~ top P.D5-29. .

n.-,Last paragraph P DS 29

Av‘Requnse:

that hydro- dynam1c dlsassem 1y~
for.CRBRP. give limiting N
(Does this 1nc1ude recr1t1ca¢1;y;;;
phenomena ) L

“Large uncerta1nt1es with- c]ad

motion driven d1sassemb]y -Explain

~and Just1fy
" “LOF driven TOP- Fue] Fa1] Criteria

Presently Inadequate". Discuss -

‘plans for reso]v1ng thlS 1mportant -

area

Prov1de more deta1ls”of {
fue] motion . in SAS is: unrea11st1c

Jus£1fy 1n.more detaT] om1ss1on.of o

SAS/FEI fuel motion

Th1s guestion requests clarification of 1nf0rmat1on which is no 1onger _

a part;of the current documentation.

The Project has since consolidated-

all considerations given. Hypothetical Core Disruptive Accidents into
report CRBRP-3 (References 10a.and 10b, PSAR Section 1.6) ‘and ‘its ass0-

.ciated”

withdrawn in Amendments 24 and 60 respectively.

references; .consequently, PSAR:Appendices D. and:F have-been: - )
A discussion of uncerta1nt1es I

is prov1ded in Sect1ons 6 and 7 .of. Reference 15, PSAR Sect1on 1. 6

Q001.260-2

Amend. 60
"Feb. 1981

60 .




Question 001.261 (Appendix b)

To illustrate the difficulty we are encounter1ng in our safety review of
the CRBRP we offer the. following example based on the cons1derat1on of: c]ad
and fuel motion in CDA analysis. - On page 'D2-2 it is stated that, "...SAS:
models currently used to predlct clad motion in a voided channel and fuel
motion  following pin failures in a channel prior to boiling provide
unrealistically conservat1ve estimates of the react1v1ty feedback effects
due to these phenomena. .

The paragraph goes on to comment that c]ad mot1on and FCI models pred1ct :
overly conservative energy releases which are "not considered meaningful .
~ for use in evaluating plant response to the acc1dent " These ‘COMME i

fshou]d be extens1ve]y justified. S

'Furthermore, a clearly defined a Qgroach to the reso]ut1on of uncerta €
such as these should be presented This should include discussions of- B
-specific work (both analytical and experimental) that is be1ng, or-will be, g
undertaken to remove the uncertainties that .currently exist in the CDA -
evaluations. The discussion should address how these new results will be
‘used to make the judgement that the assessment is complete enough (no -
“major unrésolved ambiguities) to provide a technlcally firm quant1tat1ve
eva]uat1on of CDA consequences .

Response:

This quest1on requests c]ar1f1cat1on of information wh1ch is no lonaer
a part of the current documentation. The Project has since conso11dated
all considerations given Hypothetical Core Disruptive Accidents into
report CRBRP-3 (References 10a and 10b, PSAR Section 1.6) and its asso-
ciated. references; consequently, PSAR Appendices D and F have been
withdrawn in Amendments 24 and 60 respectively. A discussion of updated
analyses and development programs.are prov1ded in References 10a and 15,
PSAR Section 1.6.

60 .

1 Q001.261-1 - Amend. 60
T Feb. 1981




Quest1on 001.262 (Appendle_L

R

A1 ana]yses carried out in Append1x D are based upon the SAS code
for the initial phase of thelfdccident. In the light that certain
modules of that code provide a physically unrealistic description of .
crucial phases of the accident (e.g., clad and fuel motion), Justify- the
use of this code to predict the course of a LOF or a TOP accident. This

justification must address the use of the results of the code calcutations =~
to specify the initial conditions for further phases of the accident =~
because the-evaluation of the subsequent events depend cruc1a11y upon
‘the initial phase ca]cu]at1on offered SAS :

ResEonse

The bases for the use of the SAS code are prov1ded in Reference 15
PSAR Sect1on 1. 6 .

S . Amend. 60
Q0o1.262-1 -  Feb.-1981




| Quest1on 001. 263 (Append1x<_l

"Eng1neer1ng Judgement" is 1nvoked in the presentation of the CDA

~analysis given in Append1ces B and D of the ER and PSAR respect1ve1y
to account for gaps in know]edge of the course of events in the accidents.

"No technical basis is provided for the judgements made to predict the
accident scenario and its consequences. Provide the technical and
experimental basis upon wh1ch eng1neer1ng Judgement was used in the following
areas:

a. Clad motion in voided and partially voided subassemblies.

‘b. Fuel motion in unvoided subassemblies upon fuel pin_ fat1ure
c. The configuration of molten and solidified: fue] at. the end:
~ of the initial phase of the accident. A
d. The initial conditions and stages for a trans1t10n phase or meltl

course fo CRBR. - - ‘
e. The ruling out of a power excursion which wou]d lead to a very
, energetic CDA of the CRBR.
f. The final disposition of the core material is in.a dispersed, sub-
critical configuration involving 1ittle or no work potential

Response:

The bases for the HCDA analyses are provided in Reference 10a and 15,
PSAR Section 1.6. -

60

0012631 _ - ~ Amend. 60
Q001. 263-1 Feb. 1981




_Quest1on 001 264 (Page D5- 6)(Sect10n DS 1 4)

Explain the procedure used to- accompllsh the "we1ght1ng" of arametr1c  5 f
results when significant changes are found in the results. Discuss
espec1a]1y the "substant1a1 evidence" that ex1sts in these cases.

Resgonse

This question requests clarification of information wh1ch is no longer
a part of the current documentation. The Project has since conso]1f
all considerations given Hypothetical Core: D1srupt1ve Accid
‘report CRBRP-3 (References 10a and 10b, PSAR Section 1:6) @
ciated - references; consequently, PSAR" Append1ces Dand F h
‘withdrawn in Amendments -24- and 60 respect1ve1y _The. bases_f A
analyses are proyided in References 10a and 15, PSAR- Sect1on 1. 6

¢ G001 264-1 Amend. 60
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Question 001.265 (Section DS) S I
~Justify the adequacy of the CalcuTation'dfithe lower p]enum.bressure'as
a function of time when using PRIMAR when core voiding is in progress.

il

- Response:

The CRBRP Project has consolidated all considerations giVeanybdthetic
Core Disruptive Accidents into report CRBRP-3 (References 10a and::10
PSAR Section 1.6) and its associated references; consequently, PSAR
Appendices D and F have been withdrawn in Amendments: 24 and 60 respactiv
The ‘response to this question is now found in Section 3.2.9 of Reference 15,
PSAR Section  1.6. . a S

aj}_ 3_"

' . o Amend. 60
001.265-1
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Question'oo1.266 (Pg. D5-18)

Just1fy the small sod1um vapor ve10c1t1es (<10 ft/sec) obtained in the
BOL LOF ana]ys1s described on this page.'3 '

Resgonse'

Th1s question requests c1ar1f1cat1on of - 1nformat1on wh1ch~1s no«]onger
a part of the current documentat1on.- The act: ha
all considerations given nypotnetlcal CorekD1srup
~.report CRBRP-3 (Referenices 10a and-10b,. PSAR: S&c
ciated references, consequently;: PSAR: Appe ices. v noo L
withdrawn in Amendments 24 and 60 respectively. A d1scuss1on of updated.-~
analyses and discussions of uncerta1nt1es are nrov14ed in Section 7 2 of'
-Reference 15, PSAR Section 1.6. o

l60

'Q01.266-1 . Amend. 60
S Feb. 11931




Qgest1on 001. 267 (Pg D9- 9)

Using the total fuel (80 000 ft?) surface area for condensat1on ca]cu a_ff"“

tions appear unreasonable when considering ac cident cond1t10ns. Justifyj

the use of this value. jrd

"Response:’

This question requests c]ar1f1cat1on of 1nformat1on which is no longer .
a part of-the current documentation. The Project has since consolidated:
all considerations given Hypothetical Core Disruptive Accidents.int -
report CRBRP-3 (References 10a and 10b, PSAR Section-

Ciated references; consequently, PSAR . Append1ces B and F h
withdrawn in Amendments 24 and 60 respect1ve1y Adi
ana]yses are prov1ded in Reference 15, PSAR Section 1. 6=-

60
Q001.267-1 - : Amend. 60
- : Feb. 1981




ﬂQuest1on 001 268 (D5 2. 2 ZL

, f:the apparent 1nconS1ste
in ‘SAS which forces fue]‘agai 3
,Page DS 3) and t e assumption that 50% of the. maximum ax1a1=fue] RS
_expans1on ‘reactivity effect can be used in the: LOF: analysis. Include -
1in your explanation fluence and- irradiation effects, in. part1cu1ar,z-
those that might affect relative mot1on at the c]add1ng fuel 1nterface.

Resgonse.

- The' CRBRP Project has conso]1dated a]l cons1derat10ns given
Core Disruptive Accidents into report CRBRP=3.
PSAR Section 1.6) .and its. associated. referenc
AAppend1ces D. and“F“have-been w1thdrawn An. Amendn
- The - response to th quest1on is. now foundji‘_-“
-0001 268~ 1

Reference:

Q001.268-1: . W.: R Bohl, J E, Caha]an and D R Fergm on, "
’ . of the Unprotected: Loss- of~F10w
~ River ‘Breeder Reactor with an End-of=Eq rium=Cy
“Core", ANL/RAS 77-15, May. 1977 (Ava11a_ lity: ‘Y. S
Techn1ca1 Informatlon Center) '

et

R S " Amend. 61-
Qool.268-1 - ~ Sept. 1981




Question 001.269"(Section 05.1.6)

Prd&ide detailed analyées ihcldding “calculations based'bh‘théimodelfbff;-.14"'

Reference4.. . . "which are supposed’to:show.that the potential. flow. oo
fission gas from the plenum is of no consequence. :.Include: in:your:an ysesi -
the effect ‘of small ramp rates, the.effect of -high-burnup cladding:degrada- : . .
tion,.and the effect of high-burnup plenum fission gas. Also include an -

analysis of a plenum failure prior to’d FCI-type failure in the active core [

region.

Response: *

The results of the calculations which show that the potentia]ifwa withi

oin of fission gas from the plenum to. the original FCI failure site:

of consequence during the time scale of "interest “for ‘thé FCI ‘transi
- ximately 100 msec) are ‘shown in Figure Q001.269-1. “"The equations s}
- Table. Q001.269-1 were used-to calculate the Ce T T e .
'plgnum pressure decay and the mass of plenum fission gas transported to the
failure site as a function of time. Table Q001.269-2 gives the parameter S
values used inthe equations and indicates their source. The value fér-the:: = .
-parameter-(Po ), the coolant pressure at the failure site, was held constant and -
was conservatively selected to be the lowest pressure.in the ‘FCI zone.-obtained"
~ from the SAS/FCI calculations. - : : T

Ianhé Ca]cﬁ}@;iop‘shpwn in Figure.QOOi.ZGQ-]»thg ratio'ofatheseffgq;iyg:pghmz
eability to the dynamic viscosity was conservatively eva]uated;at;fiyeéaQngﬂ-
ten times the selected best estimate values ShQWD'i"*Téb]e Qoo1,z5952;-:5_;ir& y

As Showﬁ in the figure, the calculations indicate.that'p]enum'fissionlgasfiSQf_1:,=m”

| | 160
Calculation Based On The Model in Reference 4 (rovided as Reference Q001.269-1) - | -

released into the FCI zone at a very slow rate and over.a very lon scale.. . .}

(minutes) compared to the timescale during which the FCI zone exists .in the.

* channel . (hundreds of milliseconds). These low gas release rates frbm,the,p}énum} ?:u

to the pin failure site are due to both fuel radial thermal expansion and

- swelling, and to molten fuel which has solidified in the fuel-clad .gap in the
failure region. The solidified fuel is a porous material through which the

fission gas can permeate. The in-pile and out-of-pile test data referred to in

Reference 4 show that for a reasonable range of effective fuel pin permeability

(an adjustable parameter) the model in Reference 4 correctly represents the

transient release of fission gas.

‘Therefore, fission gas release from the plenum to the original failure site

- (assuming a-secondary failure site does not occur in the upper blanketurgg1on)r
would occur at a slow rate and the amount of gas that would be re]eased:1ntq_; ,

the: FCI zone over the timescale that it exists in the channel would not affect

~ the FCI zone contraction and fuel sweepout leading to neutronic shutdown. -

The response wés initially Prepafed'ih 1975, usfndiihé'basé EOEC TO? case as
it existed at that time. The conclusions presented in Reference 15, PSAR -
- Section 1.6 are the result of the current EQEC TOP base case. '

*Note that Appendix D has been withdrawn from the PSAR in Amendmént 24. .The

160

I

60

text, upon which the question was based, can now be found in Chapter 6 of
Reference 15, PSAR Section 1.6. a : ' :

o Amend. - 60
Q001.269-1 L Feb. 1981
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Plenum Gas Release From A Secondary Fa11ure In The Upper B1anket

' Should a second failure 10cat1on be: predlcted to occur in- the upper b]anket,
region,: the;n]lettﬂad gap may provide a commun1cat1on path-for ‘releaseof
- plenum gas into the fuel-coolant interaction zone: The" ex1stence of: pe]]e
clad gap in the blanket region will result in larger gas release’ rates: from
a failure. in the upper blanket reg1on than wou]d occur from the plenum to a
core fallure location. , _ .

A fiss1on gas induced fa11ure in the upper b]anket reg1on will result in-
~additional upward voiding in the channel, adding negative voiding reactivity."
The addition of fission gas to the fuel-coolant interaction zone will. decrease
the fuel-coolant heat transfer (hence generate pressure and decrease the -
sodium condensation heat transfer coefficient. (delaying the FCI zone contrac-w
tion). However, the add1t1onal vo1d1ng in ‘the upper. portion of the" channe]

- 'and the délay in FCI zone contraction and movement out-the -top:of ithe:cha
" will not change the overall course of the accident-or. the term1nat1on; ode’
fuel - sweepout and neutronic shutdown 1n the TGP event for the reasons d1s
.below o g

F1551on gas release from an upper blanket failure 1ocat1on cannot .occur unt11
the pressure in the fue]—coo]ant interaction zone: decreases to a value Tess than"

the p]enum fission gas pressure.. Figure 6-52 in Ref. 15, PSAR Section 1.6 shows the~;

FCI.zone pressure in Channel 10 dur1ng the BOEC TOP base case ‘event. Plenum:
fission gas flow into the FCI zone will not ‘begin until the FCI zone pressure
-drops beTow the 16.7 atm. plenum pressure. At that time, approximately

. 20 msec -after the initial claa failure, the net ‘reactivity has decreased to
-approx1mate]y $-0.40, due primarily to negative fuel motion reactivity. Addi-
tional voiding which would result from the release of fission gas into the FCI
zone wou]d not produce a positive react1v1ty effect which wou]d lead to a pow‘rh;
increase.: A delay on the FCI zone contraction and eventual movement out' of” the”:
top of the channel due to fission gas release will not affect the u1t1mate course
of the acc1dent, i.e., fuel sweepout and neutronlc shutdown o A

A s1m11ar conc]us1on is found for the EOEC TOP base case event. The release- of"
plenum fission gas from a blanket failure location in Channel § cou]d not occur
until the! FCI zone pressure dropped below the plenum gas pressure. At that time
the net reactivity is $0.015 and rapidly decreasing due to negative fue] motion
]reactiv1t components from Channels 5 and 8. The mass of fission gas re]ease@
~into the FCI zone will not result in the addition of positive sodium voiding
reactivity. The FCI zone conta1n1rg the fission gas will not expand.down-

"~ ward into the active core°reg1on because the mass and pressure of the fission
gas released into the FCI zone is not sufficient to overcome the hydraulic’
pressure of the liquid sodium at the lower FCI zone -interface. Therefore, 1n—- S
“stead of. reversing the 1iquid sodium column which fills the channel below-the .
lower FCI zone interface, the released plenum fission gas increases the volume
of the FCI zone and causes the upper interface of the FCI zone to expand

upward against the nydraulic pressure of the sodium in the upper plenum.

The sodium mass above the upper FCI interface (including the upper plenum)

exerts a gravity head on the upper FCI zone interface which is much lower than
the hydraulic pressure force exerted by the operating pump on the sodium -

column below the Tower FCI zone interface. Therefore, the primary effect of
fission gas release into the FCI zones would be a delay in the expulsion of

the FCI zones out of the top of the channe1s, but this would not affect

the ultimate course of the accident, i.e., fuel sweepout and neutronic shutdown.

9gqLd . Amend. 60
Q01-269-2 - .- - - Feb. 1981
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Ramp Rate, C]addlng Degradat1on and H1gh Burnup Effects

“as well as the mass of fission gas in the plenum; must be considered. when: LY

In regard to the effect of ramp rate on a secondary fa1]ure in the upper blanket

region; the SAS TOP analyses ‘in Ref. 15, PSAR Section 1. 6 using ramp rates of
2.4¢/sec. to 50¢/sec did not predict'a secondary blanket reaion failure in. the M._;V,_
BOEC or EOEC cores.. The primary. effect of high.burnup on cladding is to decrease {1

he cladding fa11ure strength which’ is described in-the discussinn nf Pointer. 50
and by the cladding wastage a]]owance descr1bed in Po1nter 52 in Chapter 4

of Ref. 15, PSAR Section 1.6. In order for cladding failure to occur in the p]enum

reg1on, the effect of higher c]add1ng temperature-in the plenum region must
be greater than the effect of higher clad loading and greater c]add1ng ductility
degradation due to the fluence and burnup effects in. the core region. The
amount -of retained fission gas that is released increases with fuel burnup;-
However the temperature of the gas and the temperature of the cladding, -

evaluating the possibility of a secondary c]add1ng fa11ure in the upper*
or p]enum reg1ons . .

The comb1ned effects of p]enum f1ss1on gas 1oad1ng, c]add1ng trans1ent temperature
pre-transient fluence and cladding temperature, fuel adjacency effects, and

‘cladding wastage on cladding failure are discussed in the response to Quest10n

001.455. Based on these considerations, it is concluded that the poss1b111ty
of cladding failure in the plenum prior to c]add1ng failure in the core is -
expected to be. very low. A small number of pins could conce1vab1y experience .
plenum - failure, but the coherent failure of 1arge groups of pins in this manner

is un11ke]y

However, if plenum region fa11ures d1d occur, the 1arger mass of p]enum gas -
available in high burnup pins would result in additional voiding in the upper
portion of the channel and additional delay in the FCI zone contraction and:
movement out of the top of the channel, this would still not be expected to

result:-in a 1arge neutronic sodium vo1d1ng effect or affect the fuel motion in

the FCl zone to the extent that the overall course of the acc1dent, i.e.,

fuel sweepout and neutronic shutdown would be changed.

Plenum Failure Prior to an FCI-Type Core Failure

The result of a plenum region failure prior to an FCI type failure in the g

active core region is discussed in the response to Question 001.455.

ReferenCe

Qoo1. 269 1 GEAP 13923-2, “Sod1um‘Coo]ed Reactor Safety Engineering. Program;
Second Quarter]y Report November, 1972 - January, 1973", p. 2-18,
February, 1973.

Amend. 60

.  Feb. 1981
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Tab]e QOO'I 269 1

Reference 4 Equat1ons 10 and 11 for
Plenum Pressure Decay_and Gas Re]ease Mass

Puo 'Pc - -pact
w*Po

Plo’Po poct ‘
290 cV _ p!oqu .

) ='-3Lp.(n

- - - T 2
RT RT -] ’_ ‘Pio = Po, e'pgct,
-{ \PwotPo) }
Nomendétﬁm :
A = Internal cross-s’ectionai area of ro&‘" B ’ po’= Coolant pressixr_e at’fjefect .
€ = AKg./VLg, constant . o R = Gas constant
dy = Mean particle or channel diameter for the porous - - T ="Absolute gas temperature
: * flow netw)rk T
t =.Time since failure
g = Convers-on factor )

'V = Plenum volume
Lf = “Axial rlow. path length fram p!enum to defect ’

m = Gas r_nas_s flow rate : S z = Axial coordinate

"m; = Fission gas massia plenum - ' _ K= Effectiue permezbility
Py = Fission gas plenum pressure p = Gas densuty -

Pio = Initial plenum pressure at time of failure . _/V= Dynamuc gas v:scos:ty

Q001.269-4

P10 -Po -poctj' , ' I
Ptpe) | e

v = Superficial velocity of the gas -

o

“Amend. 31
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- _Table Q001.269-2

Pafameter Values. Used in'Pbrous,Flow.FissiOn

‘ © . Gas Release Model in Reference 4%

PARAMETER © VALUE - UNITS | | SOURCE

P

P10 2.47 - MPa T - 'SAS'codeépugputf»il"*

P o 0.6 M2 .o

Design clad innéi

A=arl n(.254)2 =-0.203 cm
' f radius used

K ' 5,1]..m11]idarqy . _ ~ Reference 4

v . , 22.6 _cm3 - ' SAS;inpr?value  ;?

58 cm . SAS code.output |

R | 8.3x107 /131=6.34x10°

~erg/°K-gm ;"Mdl; wt. Xe = 13].’_,
T - 100°K ~© . sAS code output

T . 6.67 x 107 poise o ;yaluglfor_Xe af
o : - ‘above ‘conditions

* Xe is the main consistuent of fission gas ( ~85%) :

Amend. 60
Feb. 1981 -
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PRESSURE (MPa)

~ 22 -

12

28 T T T T T

T = 1100°K

INITIAL PLENUM CONDITIONS:
o P = 2.47MPa

24

PLENUM PRESSU”RE DECAY AT
10 (K/p) '

MASS EJECTED TO FCI SITE AT 10°(K/p)'

14~

M. = 0.78 gm XENON

105

0.4

FISSIONGASEJECTED fgm) .~

! 1 1 AR S BRAUN T B |
| 100 120 140 160 180
TIME (sec)

10"

_ _ F!gure 001 269-1 ~
Plenum Fission Gas Release Versus Time.for Appendlx D EOCEC Top Base Cwe

'Q001.269-6

': NOV .

Amend. 31
1976




Question‘OOI 270 (ER Appendix-34'1.1,3)

For the TOP HCDA ana]ys1s you have choosen a $O ]0/second 1nsert1on
coupled.with what you consider "an appropriate nominal ‘case" ConSIStentl
with an HCDA ‘analysis the reactivity insértion rate is suppose to be one:
which, when coupled with the SAS nominal ‘analysis, y1e1ds a worst-case
'acc1dent Justify your use of; $0.10 per second when $0.20 per second .

is given on Page B-3 as a maximum value, mechanically. postu]ated to occur.
Also include in your justification the possibility of relatively- ]arge s
accidents from much smaller insertion rates. For example, conside
a. 2¢ per second ramp . for the EOEC cycle tak1ng 1nto account“h
"pin plenum failures and subsequent vo1d1ng pr1or to “fa ure
active core. Sl

Resgonsé:

The CRBRP Project has consolidated all cons1derat1ons g1ven Hypethe ¢a
Core Disruptive Accidents into report CRBRP-3 (References .10a-and- :10b;. -
PSAR Section 1.6) and its associated references; - conseque
Appendices D and F have been withdrawn in Amendments 24 ang ?
The response to this question is now found in Sect1on 4.3 of Refe_mv;;
10a, PSAR Sect1on 1. 6 . o

Q001.270-1 Amend.. 60
 Feb. 1981




Question 001.271 (Appendix Ql

| Item 1.2 of our Feb. 4 1975 ]etter addressed fue] fallure cr1ter1a g
We have the fo]]ow1ng comments on your May 1, 1975 response

The Just1f1cat10n for use of the.'burst pressure" failure cr1ter10n,
especially for low (10¢/sec). react1V1ty insertion rates; is inadequate..
“The criterion is associated with one specific failure mechanism =-
mechanical loading due to transient fission gas release. It should not be
“used indiscriminately when other failure mechanisms may be more likely
(e.g., for EOEC 10¢/sec ramp where fission gas release at points of Iocal
cladding deterioration is likely). Even within-its limited scope of - .
app]1cab111ty, there are modeling weaknesses that: must be- corrected whenﬁ-~v
- using the criterion. For example, failure to:properly. incorporaté
cladding ductility for BOL pins is a serious shortcomIng that m
application of the criterion to BOL pins guestionable. Moreo;‘
experimental data on fuel pin failures said to support the valis
the burst pressure criterion were under initiating ramps much ]arger
than 10¢/sec. The slower ramps probab]y emphas1ze both shortcom1ngs e
noted above. . Do L

The response suggests that SAS does account for “éod1um‘bo111ng and '
‘cladding temperature increase, 1nc1ud1ng melting", but the: quest1 Of
Tocal boiling, e.g., behind wire wrap is not addressed. Alsoy: -SAS*: does
not account for fuel swelling due to fission gas precipitation. Yet,

the response to the NRC questions says SAS accounts for all “51gn1f1cant
mechanisms" for failure except fue] vapor pressure.

The response claims that the 3 FPD. burnup. does represent initia]‘burnup

and restructuring, and justifies this on the basis of experience with

- other power reactors which see the order of 25 to 50 FPD before full power
operation. The implication is that fission gas, not fill or manufacturing
gas, produces the cavity pressures needed for pin failure. However,

the input data supplied in response to question 6.0 indicate‘that gas
constants more applicable to fill-gas are used for this "fission.gas"
(unless changes have been made in SSFUEL which were not discussed in the
PSAR). The use of inappropriate gas constants introduces order of magn1tude
errors in ca]cu]ated cavity pressures for a given gas content.

Also, the C4B test is used to justify a picture of "mechanical failure"
for fresh pins. Even ignoring for the mement the significant difference
between C4B and CRBRP transient conditions, there are other problems with
the use of C4B as a justification for mechanical failure. The response
indicates that “sodium bulk boiling" was unlikely (see comments on local
boiling above), and that differences in smear densities of C4B and CRBR
fuel rods are "reasonably accounted for" in SAS. The latter contention

is questionable. Fission gas or fill gas pressure relief via permanent
cladding deformation is much easier in the lower smear density CRBR pins.
Cladding strain due to the combination of gas pressures and volumetric fuel

Q001.271-1 Amend. 60
: Feb. 1981




expans1on is simply. not proper]y treated in the SAS code o We
recognize the potential for- mechanical’ fa11ure of fresh- ‘pins. :
but such failures: must .be modeled w1th full” cons1derat1on'of the
propert1es of the c]addlng

We support the content1on that a perspect1ve" on the 1mportance of A
failure uncertainties can be obtained-by parametric analyses. The’ stud1es
_»presented in the*PSAR seem 1nadequate at th1s point, part1cu1ar1y 1n

terms of fa11ure criteria. _

In 11ght of the above comments, please provide further dlscuss1on and_;f”"
Jjustification as well as the:data and other pert1nent 1nforma jon
regard1ng the fue1 fa1]ure cr1ter1a : :

Resgonse. - ‘_4 -rv*vf-"ngrf i'5V,‘7Q{“°’7f73;’f*-;

PSAR Sect1on 1. 6) and its assoc1ated references, consequen
Append1ces D and'F have been withdrawn ‘in Amendments 24-an
The responsé to- this question is now:found in Sect1ons 4 3 2. 1
.4.3: 2 2 of Reference 10a, PSAR Sect1on 1.6.

160 |
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Quest1on 001.272 (Append1x D)

RN

Item 2.2 of our February 4, 1975 letter addressed .an LOF driven, TOP type
of event We have the fo]]ow1ng comments on your ‘May 1, 1975 response

The contention that the use of SLUMPY rather than SAS-FCI 1n a part1a1]y
voided channel is conservative has not been demonstrated. Sodium vapor
pressures and vaporization rates predicted by SAS-FCI cou]d strong]y
influence voiding dynamics and fue] motion (not necessarlly in a milder
d1rect1on)

The suggestion that PLUTO would give less severe fuel motion than SAS-
FCI for unvoided channel failures is also unsupported. Compar1sons?of o
PLUTO and SAS-FCI referenced in the PSAR are not very applicable to: the "
LOF-driven TOP situations. Coolant mementum,. pressures ;. -and .temp
are quite different. Moreover, the differences in fuel motion
by PLUTO and SAS-FCI -in the referenced article are: not. even; signi; o
~ in the first twenty or so milliseconds after p|n rupture. Poss1b1y,:m c
. PLUTO would give less positive fuel ramp rates in the LOF-driven TOP. . . _
case for CRBRP than SAS-FCI, but the suggestion that negative fuel ramp.
rates would be predicted has no good technical basis. Thus, the
implication that excessively high ramp rates were used in the VENUS .
calculations while disregarding fuel motion is not c]ear]y supported

In light of the above comments provide a detailed exp]anat1on why the
SAS/FCI predictions are unrealistic and 1nc]ude the "actual momentum
solution for the fuel and sodium motions" :

‘ _ Response:

The CRBRP Project has consolidated. a]] cons1derat1ons given Hypothet1ca1
Core Disruptive Accidents into report CRBRP-3 (References 10a and 10b,
PSAR Section 1.6) and its associated references; consequently, PSAR

~ Appendices D and F have been withdrawn in Amendments 24 and 60 respectively.

The response to this question is now found in Section 4.4.3 of Reference
10a, PSAR Sect1on 1. 6

60

Q001.272-1 Amend. 60
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Quest1on 001.273 (D5.2.5. 2 and D5.2. 4)

‘At the end of the analysis of the 1n1t1a1 phase of the LOF acc1dent both_ h
BOL and EOEC, a large volume of the core (>25%) contains sodium. There :
is a good probability that the power is increasing rap1d1y in the pins:
concerned and a substantial amount of reactivity could be inserted

upon failure of these:-pins in the unvoided subassemblies. Provide
analysis of this phase of the acc1dent, 1dent1fy1ng all major assumpt1ons
.and their basis.

Resgonse:

o

_ The CRBRP Project has conso]1dated a]l cons1derat1ons g1ven
Core Disruptive Accidents into report CRBRP=3 (References -10a“and 1
PSAR Section 1.6) and its associated references; conseguently, PSAR R
Appendices D and F have been withdrawn in Amendments 24 and 60 respectiv 1y: S

The response to this question is now found .in Sect1on 4, 4 3 of: Referencea S AR
10a, PSAR Section 1.6.

60
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o Quest1on 001. 274 (RSP)

The resu]ts of our review of PSAR subsection 3 2= 2,["Safety C]ass1f1cat1ons",["
are provided in Attachment I. The staff's position. on appropriate Safety K
© Classes for the principal CRBRP safety related systems -and components is =
summarized in Table I of Attachment I. Those systems and componénts for
. -which the staff either d1sagrees with the proposed PSAR Safety Class, or
- if it is not clear from the PSAR what Safety Class app11es are indicated
- in Table I and are spec1f1ca11y addressed.

Provide a complete classification for all the CRBRP safety re]ated systems .
and components in accordance w1th the pos1t1on stated in Attachment I.

Response: ,
The safety c]ass1f1cat1on of CRBRP p1p1ng and components have been mod1f1ed

in accordance:with the Regulatory Staff Position above, -as’ 1nterpreted and o
mod1f1ed by Reference QO0T. 274 1. :

Tables 3.2-2 and 3.2-5 have been modified_to*reflect the revised Safety ‘
Classifications. Other pertinent PSAR Sections have been revised to
reflect the new Safety Classes and other- des1gn modifications. - ‘Note: that
RAPS. has been relocated so that a portion is contained in the RCB and the
remainder located in a RSB cell adjacent to. the RCB: The port1on of RAPS
outside containment has been designated Safety Class 3. . This is based on
a modified system configuration which includes two automat1c contalnment _
1solat1on valves at the SC- 2 conta1nment penetration. -

The Pr1mary Cold Traps are downstream of two automat1ca1]y operable 1so1at1on7
valves in the Overflow and Makeup System, and thus need not be Safety C]ass

1. per Question (RSP) 001.274. Further, as shown in revised ‘PSAR Section
9.3.2.3.1, the cold traps perform no active safety function and may be -
isolated from the Overflow and Makeup -System at any time. Thus, the cold
traps are specified as Safety Class 3, consistent with the NRC position

‘on the primary drain, storage and transfer system identified in Reference

49| 001.274-1.

~Reference:

Q001.274-1 Letter from T. P. Speis to P. S.-Van Nort dated March 5, 1976.

Amend. 49
April 1979
Q001.274-1 :




Quest1on 001. 275 (5. ;1

Inc]ude 1n the draw1ngs a]] pi
exchangers, pumps, check valves water and

Resgonse'

Principal d1mens1ons are given in Sect1on 1.2 and" 5 1 of the PSAR
Further details.are shown on ‘isometric and. ]ayout draw1ngs which W111
be supplied under separate cover.

L Amend. 17
- Qoo1.275-1 . - Apr. 1976




.},Questwn 001.276 (5:3)

‘”vProv1de the pump character1st1cs for the pr1mary heat transport system )
- including: hydraulic torque. versus flow at.all pump speeds, values for
© pump 1nert1as, rated hydraulic torques and rated. fr1ct1ona] torques

Response:

' ‘Section 5.3.3.3 has been modified in response to thiS'djestion.-

\ ’ Amend. 34
'Q00].2764]‘ : Feb. 1977




Question-oo15277-(5-3)

Table 5.3- 15 appears to have an’ error inth
test1ng, the - acceptance cr1ter1a for,‘
~long. . P]ease rev1se th1s apparent d1screpancy

ReSpOnse.

Table 5.3-15 contains a typograph1ca1 error.. The. 51gn (greater than or.-
equal ‘to) should read £ (less than or equa] to). Table 5.3-15 has been
revised to correct th1s error. : ’ -

1 Q001.277-1 ' Amend. 25
| Aug. 1976




 Question 001:278 (4. 2.1.3)

‘Specify ‘which fue] pin. performance code was us'd to c‘ii'
limited stra1n versus: t1me shown in- Flgure 4 2 -17 (Page“4l

a) Provide all re]evant 1n1t1a1 cond1t1ons and model‘ng
: assumptions used for this ca]cu]at1on

 b).-Descr1be how thlS strain varies as a functlon of ax1a1
. -position in the core and power level. - -

Response:

‘Revised Section 4.2.1.3.1.1 provides the information'requested.

Q001.278-1 S
Amend. 25
Aug. 1976




‘Question 001 279 (4 1 2 3)

'Spec1fy wh1ch fue1 p1n performance code was used to ca]culate the ffect of

transients on strain accumulation,. the results of: ‘which: are. given on
4.2-43. Provide all relevant 1n1t1ai cond1t1ons and mode11ng assumpt1ons
used for this ca]cu]at1on._

,Resgonse. o I _ . e B
Revised Section 4.2.1.3.1.1 provfdes the 1nformatfon requested. L '; :;l25 f‘:”

1Q001.279-1

Amend. 25
~ Aug. ]976f




_ ca]cu]at1ons

ResEonse'

51

'QUestion~001;280f(412;1.3)

'-The methods ut111zed to ca]cu]ateAthe c]add1ng trans1ent temperat

all re]evant 1n1t1a1 cond1t1ons and“mOdeling:assumptlons usedsfor

The curves shown by F1gures 4 2 24E to 24J serve as’ trans1ent enve1opes,{T

and-as such should not-be considered to be calculated information. NVar—{’j
71ous pre11m1nary trans1ent resu]ts were: stud1ed to 'help. construct “these’

1ated_ho_

lf“'mbre11a1ng process qis’ assuned
ﬂtures over the enve]ope, the par

are 1dent1f1ed an’ the "Ident1f1cat1 .“of Causes and Acc1dent Desc.
t1on" port1on of each events' descr1pt1on

are d1scussed 1n Sect1on 4 4.

| S Amend. 51
Q001.280-1- - ~ Sept. 1979




Questlon 0o1. 281 (4 2 1. 3)

Figure 4 2 2] referred to on: Page 4 2 44 appears to haae- neor
values  for temperature -and an- 1ncorrect reference to a. f ur :
these errors. = ’

Response:

Figuire 4.2e21_hé$fbeeh amended as indicated.

Q001.281-1 Amend.. 9
Dec. 1975




Question 001. 282 (4 2 1. 3)

Concerning the HEDL HOP and HUT trans1ent testlng program anf
to failure irradiation program referred to on ‘Page 4.2-52, p
following 1nformat1on, data and documentat1on, 1f any, for a
date : R TR

a) a]] micro and: macro photography of p1n 1engths, sect1ons and
. cross sections, 1nc1ud1ng those of all sibling" pins;

'b) all data and’ 1nformat1on on fission gas d1str1but1on retent1on and]dl’ o
release including detailed radial d1str1but1ons for- trans1ent
tested and sibling p1ns,
c)- all ax1a1 and radial stra1n data;
_d) mlcrostructure 1nformat1on |
e) fa11ure 1ocat1ons and assessment of fa11ure M

- vant HUT- and HOP tests, as we]] as. a]l run to—
. tests and, L _ .

faﬂ

f) all neutron rad1ograph data

Response

The HEDL test program was referenced in ‘the PSAR to demo ”trate
were underway andfor planned to- ver1fy ‘the analytic -
The ‘results-of these tests were presented ‘at NRC. brief
1974 July, 1975, and November, 1975. ‘Currently ava.ra
- documentation from.the HEDL ‘transient testing program:and
fuel clad breach re1rrad1at1on tests are conta1ned 1n the referenc
in the response to NRC Question 001.41. ,

Although the ‘transient tests perfbrmed to date have not been comp]ete]y
prototypic of the CRBR duty cycle events, the accumu]ated fue1 rod
"~ transient response data are being utilized to:

~a) formulate and verify analytical models for CRBR fuel rod des1gn ana]ys1s‘
(for example see the response to NRC QUest1on 241.48); -

b) p]an future trans1ent tests of prototyp1c CRBR fue1 rods
A]] of the data in the HEDL package referenced above are be1ng cons1dered

in this manner. More detailed information on spec1f1c test data w111 be
.made ava11ab1e upon request. v . v

Q001.282-1

Amend. 16
Apr. 1976




o Questlon 001 283 (4. 2 1 3)

Regarding the HEDL test: programs referred“'o
.-comp]ete inventory on all tests to d‘ indi

irradiation and" post trans1ent ‘.examina :
,comp]et1on of those exam1nat1ons wh1ch are Tn om| ete

‘Resgonse

" This information .is conta1ned in the references 11sted in the response to‘

NRC. Question-001.41, part1cu1ar1y in HEDL-TME-75-47.  This ‘topic was- a]so?f":'

'_ discussed at the NRC briefing in November, 1975. A descrlpt1on of CRBRP

fuel rod transient test activities and the relationship between these
activities, the testing program, and the:design. application of. test
resu]ts w111 be presented in the response to NRC Ouest10n 001. 284

0091{283f1"‘ Amend. 16
Apr. 1976




Questwn 001. 284 (4 2. l 31

vProvide a schedu]e of future HOP and HUT transient tests and '
| these tests wﬂl 1mpact on- the CRBRP des1 gn

. A' ‘ Resgqnse. :

Revised Section 4.2.1.4.1 of the PSAR provides the requested information.

. ) | Amend. 19
Q001.284-1 May 1976




Questwn 001 285 (4 2 3 1 5)

3 :-C]ar1fy your statement in Paragraph 2d on page 4 2 163
‘ o --Resgonse |

The referenced sect1on ‘has been amended to c'laﬂfy the statement

' ‘t""Amend. 14
Q001.285-1 - 'Mar. 1976




- Question 001.286 (4.3.2.1.5)

 Provide documentat1on wh1ch descr1bes the referred to exper1ments
at ORNL which:

a) addresses the five SRFM character1st1cs listed on page 4. 3 5a and”""

| b) verlfy the IKRD technlque descr1bed on page 4. 3 5c.

. Resgonse:

The ORNL experiments referred to have been documented in References 21 and;~
- 22 of Section 4.3. - : N

Q001.286-1 - | " Amend. 23
' | June 1976




Question 001 287 (4.3. 2 3)

Your response to 1tem 001 32 is not comp]ete‘E‘Qust1fy us“

- "'1fue1 temperatures typ1ca1 of VENUS d1sassembfy ealculef1ens

Resgonse.

The requested 1nformat1on is. prov1ded in rev1sed PSAR Sect1on 4 3 2 3.1.

- S “Amend. 17
Qoo1.287-1 © . Apr. 1976




Quest1on 001 288 (4 3 2 3)

C]ar1fy what is meant by "1sotherma1 temperature cond1t1ons"; as use
subsect1on 4.3. 2 3.5. . , :

‘ _ Resgonse :

The response to th1s quest1on is found in amended Sect1on 4, 3 2. 3. 5

Q001.288-1 - Amend. 9
‘ Dec. 1975




| Quest1on 001.289 (4 3.2; 4) . o --f5<ij_rjv*”%]?

_Prov1de an. est1mate of the “contro] rod bite" at the end of the cyc]e S
referred to on page 4.3-20. o [

Resgonse°

The response to this quest1on is provided in amended Sect1on 4.3.2.4,
part d.

- o Amend. 19
Qol.289-1. . - May 1976 -




Quest1on 001.290 (4 3. SL

cients based on the FFTF grade fue] for thevf1rst core, ind-t
grade fuel for equilibrium. Explain th1s d1screpancy '

Response:

The response to this_question is provided-inféménded Sectibn74.3.5.

- ' "Amend. 9
Q001.290-1 ‘Dec. 1975




Question 001.291 (413;5-8)

.C]ar1fy what is meant by .;.cons1stent ca]cu]atlons... . Ind1 a
thisis to be 1nterpreted that resu]ts for.the first core W
geff would give results less severe than the equ111br1um core w ;h

seff

Resgonse:

The response_to:this question is in amended PSAR Section 4.3.5.8.

© Q001.291-1 "~ Amend. 9
' : . Dec. 1975




Quest1on 001.292 (4 3 2. 3

_The exper1menta] ver1f1cat1on of - the CRBRP Doppler coe
presented in 4.3.2.3.1, appears: to be based for the most
SEFOR Core II Dopp]er exper1ment ~Assuming: suff1c1en S
the. SEFOR Core 11 and .the ‘CRBRP, a test of the: adequacy :of -
tional capability for the CRBRP would be a calculation of:t 5
ment using similar calculational methods and neutron cross sect1: ~data.’

a) It is not clear from Sect1on 4.3.2.3.1, how this test’ was _
‘accomplished, if at all. If reference 12 is. the only refe-~r-“
‘rence for the ana]ys1s of the SEFOR, provide more detail on- :
the differences in methods and cross section data between this

‘reference and the methods and data used for the CRBRP. '
Indicate if a direct calculation of the Doppler constantsgfor

~the SEFOR has- been performed and 1dent1fy the: appropr" Q).

rreference _ , L

b) . There were other 1ntegra1 measurements per
core, e.g., material-worth: measurements -at
positions. Indicate if attendant ana]yses-
parameters have been oerformed as checks on- the ca]cul
capab111ty _ -

:”c) 'C]ar1fy whether the + 20% uncertalnty in the CRBRP Bop er..
coefficient app11es to the voided core cases. S
. the voided-core values are- ver1f1ed by Doppler-ef,ec exper1-
ments.

Resgonse

‘ ~ The response to th1s question. is covered in amended Sect1on 4 3 2. 3 1
and added References 4.3-13, 14, and 5.

Q00T.292-1 Amend. 9
: December 1975




"Quest10n 001.293 (4.3. 3. Al

Provide. more deta11 on how the react1v1tyfcoefﬁTc1entsfwer ca
using 2DB-and PERT V. In: part1cu :
theory was used, (e. g., exact or - )

conditions were, (e.g., was the inter: subassemb]y sod1um votded
how the leakage contr1but10ns were ca]cu]ated

Resgonse

ZfiThe response to th1s quest1on is provided in revised ‘PSAR Sect1ons 4 3. 3 1
_4 3 2.3.2, and rev1sed Figures 4.3-21, 22, 24, and 25

Q001.293-1 - Amend. 9
- December 1975




- R

mixing will take place

Provide the basis for asserting that sufficient flow
eratures 't

in the.inlet plenum'thqsgure;thatcthg;in}gt't
‘blanket, and control assembly, will:not exc
ture by more than 6°F. “Indicate how:sensi
the -maintenance of ‘this: \ imis

of excessive thermal: tresses-in the core.support ure
reactor vessel. ~Verify:thé:adgquacygof*theihefeﬁence o

subsection 4.4.2.4.1 (e.g., Figures 4.4-5 and 4.4-6).

Response : AR SRR R

The response to thf$ dUéSfi5ﬁ ihc1ude5a?revi§ioh to Séctidn 4.4.2 o
‘revisions to: Figures 4.4-4, 4.4-8 (now 4.4-6), 4.4-9 (nOW_4_4:75V5§a]3
a renumbering of Figures 4.4-5 through 4.4-10. e . ind -

. ‘ - Amend. 20:
Q001.294-1 : May 1976




Question 001.295 (4.4.2.4.2)

 Specify the maximun cTadding midwall temperatyres in th
and in the radial blanket assemblies op which the -orifi
~ been based. N o

Response: _ _ L .
The. CRBRP fuel and blankét assemblies orificing is discussed-and explained . .7 °
in detail in Section 4.4.2.5. Kather than specifying a maximum cladding. - "* . -
 temperature, the flow in each assembly is orificed to simultaneously :satisfy .
various constraints, such as attainment of '1ifetime/burnup objectives, . =~ .7
satisfaction of transient limitations, and assurance that the
exit temperatures and temperature gradients resylt in-a
enyirpnment for the ypper internals. strycture. A1l the:ab

are quaptitatively translated in terms. of ‘equivalent 1im
{which are individual characteristics of each assembly) an

‘necessary to satisfy the mostrrestrigtive qonstaiﬂt_(ﬁhé~ oW
temperature) is determined. Assemblies are grouped.tpghet
zones (a maximym of eight discriminators in fuel plus inner

allowed) and the total flow allocation to fuel and-blanket assemblies must
i hey-reactor o n

- not exceed 94% to account for cooling requiréments. of QF ¢ v
Section 4.4.2.5,1 discusses the orificing philosophy., ap; rodch and constraints;
Section 4.4,2.5.2 presents the method -adopted -in- caleylation of. the B

equivalent

ey 0 limiting temperatures, while resylts ane reported in Section ..
74.2.5.3. o | o g o

O qon,gese o Amend. 62
ST . Nov. 1981




Quest1on 001 296 (4 4.2 #)

Identify the spec1f1c bases and de'a1
‘the reactor: pressure drops, S 4=
results used in establishing reactor. pressure drops from the:pre iminary -~ . .-
testing on the Inlet Plenum Feature Mode1 and the app11cab1e ‘FFTF “experience
referred to. in th1s sect1on. a

Response:

The response to this questioﬁ:is,givepfinfﬁévised:Sectibn 4;¢,2;5;

©Q001.296-1 T Amend. 15
TR apritiens




Question 001.297

~ “Specify the essential code details and mode] formu]at1onsv’n the ‘
Westinghouse propr1etary code, FLPPSY, used. in the:calculation:of.c .
hydraulics. What specific aspects of ‘the code make the ‘code propr1etary7“
Describe the extent to which codes, such as FLﬂPSY and’ FLPDISC, ‘which are:
used to calculate code hydraulics, have been verified experimentally. =~
Indicate the extent to which the results from the FFTF Development Programs '
(based on model tests and applicable to the CRBRP system) are used-in '
order to establish reasonable values of the 1mportant resistance and
hydrau11c characteristics for the reactor 1nternals

Resgonse

‘The FLOPSY code i not West1n hoyse proprietary and A end ix A has b en
revised accord?ng y. The essgnt¥a1 Eodg details andjggdel Fformula een

can be found in reference identified in rev1sed Appe”
under separate cover. The FLOPSY code used-
techniques, which are discussed in many  hydraulic:
specific experimental verification of.the ‘code’ ‘'has;
lytical checks (hand calculations) of flows in various paths h /e
made. '

S1nn1ar1y to. FLAPSY, the FLﬂDISC code predlcts the flow rates in parallel
channels composed of a series of. hydrau]1c res1stances The: code o
standard form lTosses and fr1ct1on factors defined by the ‘basic e
AP = K pV2/2 and AP = (fL/D) oV2 /2. The accuracy of the code in
the flow rate and pressure drop in each reactor flow: path is, ‘th o
only limited by the accuracy in predicting form. loss and fr1ct1on .acaor
coefficients. Water flow tests will be conducted to: determlne the: B
hydraulic characteristics of the fuel, radial. blanket nd ‘control :
over the range of operating conditions. FLﬂDISC pred1ct1ons w1113bf sed.
in the design process when exper1menta] data are available on low f]ow S
hydraulic  behavior. :

Finally, regarding the third part of the question, the FFTF Development
Programs are not directly app]1cab]e to determining exact values for
resistance and hydraulic characteristics of the Reactor Internals due to
many design differences. However, FFTF experience, data and engineering
judgement have been utilized, where applicable, to make predictions for
the CRBRP design. Additionally, these hydraulic characteristics have been
measured for CRBRP in the Inlet Plenum Flow Model (IPFM) test, and will be
measured in the Integral Reactor Flow Mode] (IRFM exper1ment as discussed.
in PSAR Section 4.4.4.1.

- Q001.297-1




Question 001.298 (4 4.4)

Prov1de a descr1pt1on of the p]anned?‘"
entire reactor, and include-an evalug
and the effects of the temperatu '

: re]at1onsh1p of these tests to the p]anned fi r
the anticipated sthedule of ‘the comp]ete reactor s1mu1at1on t;h_:
feature model tests . B

Resgonse

The title of PSAR Section 4.4.4.2 1nadvertent]y implies that Phase II.-’
testing in the Integral Reactor Flow Model (IRFM), will ut111ze a comp] te:
reactor hydraulic simulation. The scale of the IRFM was selecte
- that of the Inlet :Plenum Flow Model (IPFM) to permit com"na
models into a complete reactor hydrau11c sim 1at1on s
to be required. Phase II- testtn ‘

addi tional work is required to-dete
simulation is requwed Phase
of all components to verify the:ffnalvdes1gn»for hydra
performance, and if shown necessary, .a .dynamic core-sim
included. Sections 4.4.4 and 4.4.4.2 of the PSAR have_”ujff;
1ncorporate the requested 1nformat1on o S

Q001.298-1 Amend. 9
: Dec. 1975




”Quest1on 001 299 (5.6.2.9.3.2)

In. order for the: Overf]ow Heat Removal System (OHRS) tog'

the ‘sodium leve}. in:the reactor vessel must be- ‘highenough-to per

overflow into the. overflow line-and vésse ,.Dur1ng a ‘reactor

" the sod1um level will contract.and overflow: may be interrupted’ for a
period of time. Provide the technical justification to-demonstrate

that interruption of sodium overflow does not comprom1se the OHRS =
safety related funct1on

Resgonse

The answer to this quest1on is prov1ded in the rev1sed PSAR Sect1on
9.3. 2 2. 1 )

Q001.299-1

Amend;]zli -
Feb 1976




V_Question 001 300 (9 1 3)

. ”S1nce malntenance is. 1ntended to be perfonned"on one'of qhe Ex
" Storage Tank (EVST) cooling: 1oops wh11 :
- provide the-technical justific :

of a single active failure in the operat1 .,oop, suf: | LT
-available for restoration of one.of the cooling: 1oops_to serv1ce _efor__*“ v
sod1um temperatures reach unacceptab]e levels. ' S

.Resgonse' SR

sThe Proaect is. perform1ng a review of the EVST cool1ng system to

~determine if the system adequately meets Project requ1rements. A
detailed response to th1s question will be prov1ded in a future

amendment . ‘

- o S " Amend, 25
Qoor.3ee-r - o Au(ger:_§1976




Question 001 301 (Chs. 3,5, 9 11)

vReso]ve the numerous 1ncon51stenc1es 1n the ASMEn“ "iCIasses de- o

o s1gned for identical: systems and components*i nCha ,ers 3 5 9 and
1T of the PSAR. R s

fResgonse

With the except1on of the two 1tems Tisted be]ow, no 1ncons1stenc1es :
have been identified in PSAR designations of ASME code classes for .
the PHTS, IHTS, SGS, SGAHRS, the Nuclear Island Heating, Ventilation,
Cooling and A1r Cond1t1on1ng System, Rec1rcu1at1ng Gas Cooling System,

Chilled Water Systems, or Nuclear Island Treated Water Systems " Two
inconsistencies have been reso]ved as noted be]ow ' s

a) Table 5.57- has been rev1sed to_deleteﬁthefalternat1 e =
- code c1ass1f1cat1on and prov1 e co
352-5 ' .

b) Tab]e 11. 2 5 has been rev1sed’to i cate “Manufacturersi RN i
© Standards" for pumps per- Regu]atory Gu1de 1 26,‘Rev..2,;g-
June ]975 Co B

As 1nd1cated in the response to Quest10n 00] 274 the.:CRBRP Ine
~ Impuring. Mon1toring, EVST- Coo]1ng and Auxiliary Liquid: Meta] Sy ' ] SRR
requirements are rev1sed to comp]y w1th the NRC pos1t1on on Safety CTasses 1 '

S - Amend. 50
Q001.301-1 L June 1979




Quest1on 001.302 (11 1. 51

With regard to the amount of tr1t1um being - removed in. the pri'a’"

intermediate cold traps, provide the exper1menta] bas1s for‘tef.
removal eff1c1ency be1ng used.

'Resgonse°

The basis for the tr1t1um remova] eff1c1enc1es is prov1ded in revised
PSAR Sect1on 11.1. 5 _

Q001.302-1 . Amend. 20
v May 1976_.




QueStion 001.303 (9.1.3)

Provide a d1scuss1on on the means to be emplo*ed to control the :

sodium equ1pment w1th regard to the k pm--
specified in Table 3A.1-2, provide the:bas1s that th1s 1s ‘an accep-:ﬁ- -

table limit to preclude accelerated corrosion in the event of a sod1um~
leak. i

Resgonse'

Ihe water vapor limit g1ven in Table 3A.1-2 (8,000 vppm).was based on
the desire under normal steady -state operation that there be no -con-
densation on the RGC unit co1]s .

The fuel handling ce]] atmosphere impurity- content 1'
~ by the Fuel Handling Cell Atmosphere Pur1f1ca* on“

~contains an oxygen gettering unit -and- a dryer as descrtbed‘1nESect
9.5.4.2. . _ -

PSAR Sections 9.5.1.3 and 5.3. 2.1.4 have been rev1sed to ‘show that thef’
water vapor control in the inerted cells will. be adequate to: Drevent
‘accelerated corrosion.

Q001 . 303-1 - ' Amend. 23
5 , June 1976




- water sp1lls.

-5Quest1on 001 304 (5 1. 8)

'Sect1on 5 1 8, '“Phy51ca1 Arrangement " should be expand” ~
discussion :of ‘the saféty cons1derat1ons incorporated n he_ary
of "systems. and components. For valves requ1réd to-oper
_pated-operational occurrences and postu]ated accidents, includé - ,
- of the consideration that-has been given to locating valves and- ‘their. opera-;{g'_, S
“tors such that submergence 1s precluded in the event of a sod1um, NaK or oo

-.Resgonse..

3 Sect1on 5 1. 8 ‘has been mod1f1ed 1n response to this quest1on.4




~ Question 001.305 (9.0):

Chapter 9, "Auxiliary Systems", should provide the cr1ter1a being used for _
materials selection for the auxiliary systems and components. The subsect1ons
of Chapter 9 should also provide a materials list for the components comprising
each auxiliary system. For those aux1]1ary systems that are constructed of
carbon steel and contain either primary coolant or primary coolant cover gas,
describe the cleaning and storage procedures to assure that the inside surface-
is clean when put into service after fabrication.

Resgonse

The answer to this quest1on is prov1ded 1n the rev1sed PSAR Sect1ons 9 3: 9
and 9.8. \ .

The Nuclear Island and Balance of'P]ant HVAC. Systems and’ components W1T1“
designed to withstand corrosion and, therefore all duct work will be- of-~ R
galvanized steel construct1on

The materials for the Chllled Water Systems, Normal and Emergency P]ant Serv1ce
Water Systems and Non-Sodium Fire Protection System piping and components are
based on corrosion and system temperature and pressure cons1derat1ons A]]
piping associated with these systems will be of carbon steel construct1on

The materials for the Auxiliary Coolant Fluid System, Normal and Emergency
Chilled Water Systems, Normal and Emergency Plant Service Water Systems and -
Non-Sodium Fire Protection System piping and components are based on «corrosion
and system temperature and pressure considerations.. A1l piping assoc1ated
with these systems will be of carbon steel construction.

The materials list for all major components of the above ment1oned systems dis.
not available at the present- itme, and will be presented in the FSAR. =

‘The material selection of the following systems is based upon ANST B31.1
criteria on pressure and temperature limitations:

a) River Water Service

b) Compressed Air

c) Secondary Services C]osed Coo11ng Water
d) Equipment and Floor Drains

A1l material for systems a through d will be carbon steel or cast iron.

None of the above systems conta1n either primary coolant or primary coolant
cover gas. _

. o : - Amend,
Qo01.305-1 | April




Ouestmn 001, 306 (11. 32) o - e

In the event that the RAPS cryogen1c d1st111at1on co]umn falls t\ o'
‘provide a ‘discussion of the a]ternat1ve operating procedure(s, R
will be” used for dlspos1t1on of the long ]1ved gaseous rad101so,op_s,"’
Kr 85 and Ar 39. : .

ResEonse,

- The requested infofmation.is‘prOvided'fn revised Section 11.3.4.

Q001.306 -1

AmEnd 25 ’
Aug. 1976




Quest1on 001. 307 (9 1 4. 3)

: Prov1de ‘the exper1menta1 ba51s that conf1rms the des1gn heat remova] :
,capab111ty of the Ex-Vessel Transfer Machine (EVTM) for ‘both forced and
“natural air convect1on conditions.

Response

The requested 1nformat1on 1s prov1ded in rev1sed PSAR Sect1on.9.1.4.3._'

Q001.307-1 : : “Amend, 15
o : . - April 1976 -




fQuest1on 0071; 308 (6 2 4)

' fW1th.fegard_ﬁo the va]ve types 1nd1cated;1n Tabje 6

Qfof 11nes one automat1c 1so]at1on va1ve 1ns1de and ‘one automat1c o
-1so1at1on va]ve outs1de conta1nment are requ1red 1n accordan', wwth

-'Tab]e 6:2-5 has been rev1sed to show automat1c actuat1on of”the va]ves, f ’
- as’ 1nd1cated in’ Quest1on 00] 308_ y '

. qoo1.308-1  Amend. 20
- - .  May 1976




Question 001 309(5 3.1, 5 4. 1, 5 5.1, 5.6. 1, 5 6. 2)

There is considerable ambiguity assoc1ated w1th the CRBRP deca} hea re
moval capability follow1ng reactor shut ‘down under- all plant ci PR
including normal-operation, anticipated operat1ona1 occurrences,;an‘wgﬁr”;
postulated accidents. Provide a: coherent summary to state explicitly .

the number of cooling loops (in the PHTS, IHTS, SGS, SGAHRS, OHRS) re-
quired to remove both short term and ]ong term p]ant sens1b1e and re-

actor decay heat, 1nc1ud1ng cons1derat1on of the follow1ng

a) starting from rated power and 2/3 rated
power conditions,

b) operation with either- pony motor flow or
natural c1rcu1at1on on the sod1um side,

c) operat1on with either forced c1rcu1at1on
or natural c1rcu1at1on on: the water/steam
 side, .

d) loss of offsite A. C. power and 1oss of
.~ both d1ese1 generators.

Resgonse

The. response to this question is provided in the new 1ntroductory para-
graphs to PSAR Section 5.6.

Loss of offsite A. C. power and both diesel: -generators - is not a design ;
basis event for CRBRP. However, as indicated in Section 5.6, ‘the. three
loops of the PHTS, IHTS, SGS and SGAHRS can. remove. residual and decay.
“heat from the reator without A. C.. power to pony motors (PHTS or- IHTS)
recirculation pumps (SGS), motor driven feedwater pumps (SGAHRS) or

Protected Air Cooled Condensers (SGAHRS) for severa1 ‘hours fo]]ow1ng
shutdown.

D

Q001.309-1 : Amend. 20
- ' May 1976




Question UUI. 3|U\b 4.1, 9.9.1)

In the event of a sodium fire in an IHTS or SGS cell caused by a. spray
on the side walls, provide the technical justification ‘that ma1nta1n-"
ing separate, independent IHTS and SGS loops will not.be: comprom1sed
because ‘0f loss of structural integrity of a common side wall. o
addition, the capability of the IHTS and SGS cell fire. suppress1on

~ systems to cope with sodium sprays on the cell side walls and ce111ng :
'should. be provided.

Resgonse'

‘The present fire protect1on system provides for catch pans with f1re

suppression decks in the IHTS cells.  The project is currently defining

a design basis leak for the IHTS cells. Once this is established, detailed
evaluations of the effects of sodium spray on cell side walls and ceilings

can be performed. However, based upon existing experimental data and the ’
current design configuration, the question can be addressed as.follows. . .. .=
In order to maintain separate, independent IHTS and SGB Toops:; the«rn~.;;qu‘>w
tegrity of common side walls must be maintained -in ‘the even of a’ n-
spray. Although no protection is provided to prevent. sodium

the walls and/or ceiling of a cell, sodium spray onto a common side" wa] LT
can result in only localized damage to that wall. Tests performed<at IHSDL Sy
and ARD indicate that a sodium/concrete reaction results in the- degrada—. ‘

tion of the concrete strength properties. However, this damage will be.

restricted to the local spray impingement zones; the overall 1ntegr1ty of

the wall would not be adversely affected. The depth- of the damage. caused

by such sprays will be determined based upon tests currently planned in

the cell liner development program. If it cannot be shown analyt1ca1]y

and in a conservative manner that the sodium spray will not cause a breech

in the common side wall, then a design mod1f1cat1on will be made to ac-

comodate the sodium spray.

There are several features which could be incorporated into. the present
design to prevent or mitigate sodium spray damage. Splash shields can’
be used to prevent sodium impingement onto the walls. The use of a
wall covering is also a: possibility.

In summary, the effects of sodium spray on common side walls will be
evaluated for its propensity to cause a loss of separation of loops.
It is anticipated that the results of this analysis and ongoing test
programs will show the present des1gn to be adequate. However, a
‘modification to the existing design is clearly feasible and will be
adopted if necessary. :

001.310-1 Amend. . 26
Aug. 1976




Question 001.311 (15 2)

In: Chapter 15. 2 the measure of the reactor response*tou
insertion des1gn events" is the. thermal load on. ‘th ade
hot-spot cladding temperature. Consider the: poss1b111ty= P
fail by mechanical loading of the: c]add1ng (primary and secondary ]oad q) -
before failure by sodium bo1]1ng and subsequent-cladding melting.. Calcu-
late the loadings and resultant strains on the cladding, if anys. for the
family of reactivity insertion design events considered here. "Reevaluate
the "conservat1ve" assumpt1ons 2 and 3 in light of these aaded cons1dera—
tions.

Response:. :

‘Reevaluation of these assumptions isfanyidedlinfrévisedﬁsg

Qoo1.311-1 | Amend, 25
o ' | _ : Aug. 1976




Question.001.312 (15.2.1)

Provide detailed (nonpropr1etary) documentat1on of the FORE- IT code.
The summary in Appendix A is not sufficient.

Response:
Modifications made to the original Version of FORE-II by Westinghouse are

currently being documented. The code changes include the,modeTTing topics
of: . _ e

) Rad11 at wh1ch Fuel’ Temperatures are. CaTculated

) Fuel S1nter1ng

' Determ1nat1on of Effective ThermaT Conduct1v1ty Between Two
' Adjacent FueT Nodes

. Calculation of the Fuel Center11ne Temperature
0 Me1t1ng of Mixed Oxides FueTs

. Axial Weighting Factors for Doppler Feedback'
.o . Control Rod Scram Options. | -

e Axial Variation 1n Gap Conductance

. Pressure Drop and Transient Flow Calculations (Flow Red1str1but1on)_i‘
(] Local Hot Spot Cladding Temperature
. Additiona] Reactivity Feedback Options
L Normalized FTow Coastdown
) Temperature Dependent CTadd1ng Therma] Conduct1v1ty _

" -These mod1f1cat1ons were’ 1n Reference. QOOT 312 2 prov1ded to NRC in November,v;'rf
321 1976. A detailed description of the basic code structure and details of AT
-~ many of the nuclear and thermal hydraulic models can be found in. the orlg1na1‘-; :
code descr1pt10n given by Reference QOOT 312-1. ' . : -

Reference - »
Q001.312-1  N.J. Fox, B.E.Lawler, and H.R. Batz, "FORE-II, A Computational

Program: for the Analysis of Steady -State and Trans1ent Reactor
Performance", GEAP-5273, September 1966,

of the FORE-II Computer Program for the Analysis of LMFBR

| o01.312-2  J.v. Miller, and R.O. Coffield, "FORE-2M: A Modified Version
Transients", WARD-D-0142, May, 1976.

Q001.312-1 | - Amend, 32
- ec. ¥z




Quest1on 001. 313;115 2. 144)

: Prov1de the resu]ts of the ana1y51s for the. SSE and OBE for the secondary
control rods.

Resgonse

Analysis of a step reactivity insertion postu1ated to occur as a result

of an SSE and terminated by the secondary control rods when tr1pped by

the secondary portion of the Plant Protection System is provided in Section |
15.1.4 of the PSAR. This event was selected as the "umbrella event" for - .
analysis reflecting the latest design information. The consequen‘ s-of: L
the event are shown to be within app11cab1e 11m1ts ‘ :

The consequences of an OBE term1nated by the. secondary con:
be less severe than those. for the SSE, Detailed ana1y51s result
OBE will be provided concurrent]y with an overall wypdate of PSAR'S

15.2 which will be provided prior to NRC issuance of ‘the Construction Perm‘.v L

: Amend. 62
Q001.313-1 : Nov. 1981
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Ouest1on 001. 314 (15 2.1 A4, 15 2 2. 1 15 2. 3 1 15 2 3. 41

"Further Just1fy your use- of the h1ghest power subassemb]y for BOEC as the
"worst" situation for the cases considered. -Consider such items as:

gap closure with burnup and the resu1tant changes in pei]et cladd1ng
~heat transfer

'Resgonse'

Revised Sections 15.2.1.4.2, 15.2.2.1.2, 15.2.3.1.2, and 15.2.3.2.2
provides the justification for the use of the highest power subassembly for:--:
"BOEC as the "worst" situation in the cases cons1dered '

Amend.'25

Q001.314-1
> Aug. 1976




Questlon 001. 315

on page 15. 2 45 reference is: made to F1gure 4 2 1 3 4 and"lTab e
Provide ‘the appropmate 1nformat1on, s1nce th1s f1;gh vand £
in the PSAR. :

‘ ' ResEonSe;

Section 15.2.2.2 of the PSAR has been modified in response to this ddestion.

]

Q001.315-1 | ‘Amend. 9
| Dec. 1975




25

- utilized in: the appropr1ate fue] rod: performance mode]s wh1eh wi:

Quest1on 001.316 (15.2.2 _)

Clar1fy your conc]us1on on page 5. 2 46 that “no s1gn1f1cant degradat1on n]-i
of the cladding would be expected...", "In particular, ‘consider the. =~ "
mechanical loads and associated accumu]at1on of p]ast1c stra1n in" the.-fﬂ
c]add1ng for this case. o . :

v'v
Resgonse

The fuel rod analysis results presented in Sect1on 4.2.1.3.1.] predict no
cladding plastic strain due to steady state and transient thermal loads,

- or due to steady state fuel-cladding mechanical contact. Fuel cladding

mechanical loading diring reactivity insertion type trans1ents was not
included for lack of pertinent data at the time of writing. Plans to
obtain this data have been referenced “in the responses to-NRC Quest1ons
001.282, 001.283, and 001.284.- When ava1]ab1e, ‘this data will be -

be used 1n prepar1ng the F1na1 Safety Ana]ys1s Report

‘ : Amend. 51
Q001.316-1 - Sept. 1979




Question 00] .317 (15 2.3. 2)

The ‘statement on page 15.2-60 regardlng "tests as descr1bed
appears to'be in error. Clarify the statement to refer toSecti
or provide a specific and detalled descr1pt1on of the testSrtoqbeaco
for the CRBRP des1gn '

‘ Resgonse

This was a typographical error. The statement should read, "tests as o
described in Section 1.5". (See rev1$ed Section 15.2.3.2.1, page 15.2= 60)

Q001.317-1 - , “Amend. 9
December 1975




Question 001.318 (15.3)

Subsection 1.1.1 of the PSAR indicates. that. permanent components;of
the plant have been designed for a stretch,power 1eveliof~1

design -values correspondxng t0. the -design ower 1eve"w:”ﬂ‘&"
your app11cat1on is for a 975 MWt power 1eve1, it 1s

f1c1ent1y conservat1ve For examp]e h1gher pr1mary f1ow rates may resu1t

in higher inlet plenum pressures and increased inlet temperatures which -
‘should be considered in your ‘analyses. Provide more detailed discussion -
regarding your assumption and initial condit1ons utilized in the acc1dent
analyses and justify the conservatism of the selected values recognizing -

the potential for 1mproued anticipated performance of the permanent components

'Resgonse

As noted in the question the permanent components of the plant are'de ?gned-”“*
structurally for a stretch power level of 1121 MWt, though the Chaj
transients and the construction permit application are based on ‘a-design
power: Tevel of 975 MWt. The conservatism of stretch condition structural
analysis is being applied so that advantage might be taken .of more eff1c1ent
‘thermal/hydraulic performance which can be optimistically peedicted for future
operation. Presently, the CRBRP HTS and SGS components: are sized and- spec1f1edv
so that with a pessimistic combination of pump capaéities, pressure drops,

and heat transfer characteristics, 975 MWt can be de11vered from the. nuc]ear
steam supply system. :

The Tow flow,h1gh temperature operating point (with respect to the
reactor) that results from this pessimistic set of design values is termed
the Thermal Hydraulic Design condition (T&H). It is an extreme operatlng
paint of 7300F primary cold leg temperature and 2650F Reactor AT. An
additional conservative 20°F for conteol and dead band error was. added to
the primary cold leg temperature for Chapter 15 analysis.

It is expected that steam generator and IHX heat transfer and primary loop
flow will be considerably better than the T&H design values. This would
result in a lower primary cold leg temperature and a lower reactor AT.
Additionally, the expected pump head and primary system resistance curves
~intersect to produce a slightly lower reactor inlet plenum pressure than
for the design case. Since the expected core pressure drop is lower than
the design value used for the analysis, this plenum pressure will result
in a higher core flow. An estimated expected operating po1nt is then
character1zed by the fo110w1ng

Power -975 MWt

Primary Cold Leg Temperature -715CF
Reactor AT ~-T&H

For a more detailed discussion of the meaning of T&H and stretch conditions
refer to the response to Question 001.107 (5.3.3.1)

Q001.318-1 | ~ Amend. 23
B _ June 1976




-s1te power.gv
the - same set>o
were used.

is 709F less . for pected p

" T&H plus 20°F condj.lons ary ,sufﬁ_

of p]ant trans1ents.

_,envly conservat1ve for the ana1ys1s

Q001 318-2

Amend. 23
June 1976
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f,*qqesfibngoqij3191(15,3l

‘ cor ‘Tife. ‘However,
propert1es for EOEC may be more-severe. -Discuss what consmder
given regarding mater1a1 deter10rat1on for EOEC due to 1rrad1at1on and
=thermal creep ' : T

:Resgonse°

A dlscu551on of the requested considerat1onsﬁ:srprov1ded in rev15ed Sectlonlnne. 1
4.2. 1 3.1, 1 ' _ _ o e

Q001.319-1 -~ PAmend. 25

T ‘ A Ny 1 Aug. 1976 -




' Quest1on 001 320 (]5 3. 1 2)

In the: analys1s of a spur1ous pump tr1p, no. cons1derat1on ‘has: been_ :
given to-the sequential loss of flow due-to-the: sequent1a1 loss fe‘
the remaining pumps. Hydrau11c mechanisms such as the propagat1on

of shock waves cou]d resu]t in a sequent1a1 1oss of f]ow.

Resgonse

The requested information is provided in revised Sect1on 15.3.1.2.2 and
new f1gure 15.3.1.2-2.

- Q001.320-1 - ?
, "~ Amend. 25
Aug. 1976




" Question 00]-321.(15,3.2)

In the ana1y51s of pump se1zure, it is. stated on page 15 3= 2
is a possibility of reverse loop flow resu1t1ng ina 1arqe lecre (
flow. Discuss the possibility of the existence: and’ effects of - hydrau11c

hammer on the operation of the rema1n1ng pumps

Response:

The effect propagated to the remaining loops is d1scussed in rev1sed
Section 15.3.2.1.2. _ . v

Q001.321-1 © . Amend. 16
o : - _ Apr. 1976




Question 001, 322 (15.3.2)

In the ana]ys1s of pump. se1zure,_ thefe\is"insuffibiéﬁt-iﬁfbrmafidﬁ}ﬁ§] _’”
eva]uate your analys1s i T I ;

a. Indicate if the most adverse stnady state operat1ng
conditions with respect to power level, flow, pressures
and temperatures were used. B

"b. Provide a discussion of the heat transfer coefficients
assumed and indicate assigned conservatism 1n the
assumed va]ues

Response:

Revised Section 15.3.2.1.2 provides the additfonal information re

Q001.322-1 Amend._és g
Aug. 1976




'fh'quest1on 001. 323 (15.3.1. 1)

‘1nd1cate short-term fa11ure at temperatures much h1gher than 1600

For the event of loss of off-s1te e]ectr1ca1 power w1th scram by the S
secondary PPS, ‘it is reported (Figure 15.3:1.1-3 gnd page 15.3-7) that "

 the maximum hot channel ‘temperature . peaks at 1630°F. It is claimed

that because the temperature exceeds the normal operating temperature

for only 6 seconds, the cladd1ng 1ntegr1ty limits are satisfied. However,
we note that although the time duration is shorter than the 150 sec gor
the design basis transient, the peak temperature is approximately 30°F
higher than for the umbre]la transient event in. Sect1on 4.2.1.3.1.1.

The. supporting evidence for the c]add1ng 1ntegr1ty under the above con- .
ditions seems to be op page 4.2-8 (item 7), ":..Transients of short duration
and in excess of 1600 F are felt to be with1n the ‘extra polation capa
of the CDF analysis since recent data on 1rrad1ated prototyptcr‘lg

‘E

Prov1de the evidence in re1at1on to these exper1ments Prov1de the

. quantitative criteria in terms of Temperature vs. Time for transient '_t”[*“
‘events which do not affect cladding 1ntegr1ty o L

Specifically address the response to the case of max1mum des1gn burnup S
fuel, taking into account cumulative damage to the c1ad at the end of a
full  duty cycle. _ oY

_Re$ponse

- The capability of the CDF ana]ys1s to pred1ct the effects of trans1ents
- of short duration with peak cladding temperatures in excess of 1600%F

is fully discussed in Revised Section 15.1.2.1. Revised Section 15. 3. 1 1 2

’_prov1des the additional information requested.

: o . &mend. 25
Q0073231 -7 . tug. 1976




Quest1on 001 324 (15 3) _?fv'

The accidents addressed in Sect1on 15 3 are resu1t1ng from s1ng]y 1n1t1ated
events. However, some of these events, according to Table 1.2-2 have probabil
ities of occurrence that are orders of magnitude greater than 10'5 per reactor
year. This means that the potent1a1 exists for multi- 1n1t1ated ‘events ‘that have

. a total probability greater than : 10‘5 per reactor year. Prov1de Just1f1cat1on for
not 1nc1ud1ng such mu]t1 initiated events in Chapter 15. 3 : : :

Response

These fault events are not comb1ned since the concurrent occurrence of two o
unrelated events in a way which produces more severe results isto
be.included in the design basis. The remoteness ‘of ‘the: combina
results because the two events which are ‘unrela ed must
interval to achieve a synerg1st1c effect”produc1n"more 'S
_1nterva] is br1ef due to the rapid response’ of" the Redc:
the occurrence’ of the event as described-below.’ (It shoultd be ,
" probabilities in the Table referred to were intended to provide an: overviewiof -
the event classification, and not to specify the actual probab111ty of. occurrence
These probab111t1es were de]eted from the Table in response to Quest1on 001 4
to avo1d further confusion.) S SO

Cons1der the events spec1f1ed in Chapter 15 of the PSAR To show the remote o :
“nature of synergistic. combinations, it is useful to-group the ‘events-int ‘tes
gorles react1v1ty insertions; pr1mary f]ow reduct1ons, 1ntermed1atef

system or balance of p]ant occurrences ) " The” events ana]yzed :
~include react1v1ty excursions caused by single rod’ withdrawal-and p S
rod runaway. This latter event umbrellas the resutts of postulating s1mu]4
taneous unrelated failure caus1ng two rods to be withdrawn. Similarly, the:
results cf losing the flow in a single loop and in all three loops are presented
since there are single postulated events which could cause these sequences. _

For both reactivity and flow excursions, the transient is terminated by protect1on k
system action within seconds. To achieve a synergistic effect, the second un-
related event must occur within a time period of approximately 5 to 10 ‘seconds.

Even an event which has a mean time to occurrence of one year only has a probability
of occurrence of 3 x 10-7 over a ten second interval.  Since the anticipated
transients spec1f1ed are not expected to occur even once per year, this probab111ty
of occurrence is a conservative estimate. Further, this probability must be
combined with the probability of the first occurrence which further increases the
remoteness of the event. :

Note that the worst synergistic combination of events invelving reactivity
insertion and loss of primary.flow has been analyzed in Chapter 15 to bound

‘the postulated result of the OBE. For this case, the OBE is postulated to- cause
loss of power to all three primary pumps followed by a step reactivity insertion
at the time of scram initiation due to loss of flow. One of the two shutdown

' Amend. 22
001.324- L .
Q00 : 1 : June 1976




systems (w1th the add1t1ona1 postu]ated fa11ure of the most react1ve contro]
terminates this event acceptab]y This event was, ana]yzed to boundw he. 0BE..
However, the results show that even.. though postu]ated comb1ned ever e
remote to be 1nc1uded in the Des1gn Bas1s, the resu]ts are w1th1n the mar
of the des1gn ' o : , _ : _ :

Comb1ned events 1nv01v1ng 1oss‘”@of 1ntermed1ate f]ow or. heat removal are remote
for the same reasons stated above. “From the core standpo1nt the effect of any
ant1c1pated fault in the 1ntermed1ate or steam generator system is an 1ncrease
in inlet temperature.

In all cases 1nvo]v1ng 1ntermed1ate or steam generator 1n1t1at1ng events, the C
reactor inlet temperature does not begin. to increase unt11 -after the scram'has y
occurred. Therefore; comb1nat1ons of, ' ‘
- flow or._reactivity events cou]d.notl
_,temperatures ' /g !
ity fault prior to, any ef <
the core.  Therefore; “thodgh. .
c1uded in the Des1gn Bas1s, the consequences ‘of such postu]ated events are
bounded by the present des1gn bas1s events.

F1na]1y, the assessments of the Shutdown Heat Remova] System do 1nc1ude’the’h'x'
- probabilities of fa11ures of the various components in determ1n1nq the probab111ty:
of successfully removing decay heat _

Summar1z1ng, comb1nat1ons of two unre]ated ant1c1pated trans1ents REE
for inclusion in the design basis since the time period for 1n1t1at1o

second event to achieve deleterious synergistic .effects: is so. short. "Howeve*;ivj
other events. a]ready ana]yzed as. part of the Design Bas1s do- ,show that res_ o .
of postu]ated comb1nat1ons wou]d be accommodated- by CRBRP o R o

:- Q001.324-2 ,‘ Amend. 22

June 1976 .




Quest1on 001 325 (15.4. 1 3l

_ Indicate where the th1ck (0 4 to 0 8 1n ) porous heat-generat1ng“f ; ée{.ff'
' considered in subsection 15.4.1.3 (page 15.:4-36) is" expected to. resu 'if’
‘ cladding failure, re]atlve to the blockage and attendant wake - regwn

'.:Response |
The 1nformat1on requested is prov1ded in rev1sed Sect1on 15.4.1.3.4._' N
: . ’2"5::'j .

Q001.325-1

-Amend. 25f U
Aug. 1976




Question 001.326 (15.4.2.2)

Regarding the Cansequences of Overpower Pin. for Steady State and Design:
Transients (Page 15.4-47) it appears that anTy temperature Timits w B
considered and mechanical loads, for example, are. not addressed for e
steady state or transient conditions. Discuss the transient response’
of a control rod pin.  Include a description of the initial steady- . -~/ =
state condition of the pin (e.g., pellet-cladding interaction, if any, = =
as a function of axial position): transient gas release from the BAC’matrix,i -
and the attendant loading effects on the cladding; pellet swelling’and =~ = -
thermal expansion. and the attendant loading effects on the cladding; pin =~
-failure mode and position; and, B,C particle sweepout or settling,. if any.

e

.Response

Additional analyses have beenfqueﬂin‘reébonse,tp'thisgddest» .
are reflected in ravised PSAR Section 15.4;2;2,’including new-Refer
to that section. o _ S

Amend.. 13
) _ . Feb. 1976
Q001.326-1




-~Quest1on 001 327 (15 4.1, 15. 4 2)

Prov1de the resu]ts of appropr1ate ana]ysns or exper1menta1 ver1f1cat1on,;;§f?urh
if any, to support your statements (pages-15.4-9, 15.4-20 & 15.4-43)
that fuel pin failures tend to be self- 11m1t1ng

Resgonse

. This quest1on relates to the consequences of gas release from a failed

fuel pin. Section 15.4.1. 1 3 has been expanded to prov1de the requested :
. information.

Q001.327-1 ' _Amend, 25
j : , 'Aug._1976_




Qgest1on 001 328 (15 4. 1441

Regard1ng Effects of Fue] Part1c1e Re]ease, 1dent1fy the‘d”"
vide the data results which. support your: statement that "Exper1enc -has
shown this to be exceed1ng1y low 1n probab111ty

Response:

Subpbrt for the statement questioned is providéd in revised Section 15.4.7.1.

0001.328-1 o ' Amend 9
: ‘ Dec 1975




Quest1on 001 329 (15 4.1. 1 1)

It is stated that fa1led fuel detect1on systems are be1ng deve]oped 'n};V
However, the deve]opmenta] program, its: schedu1e ‘and: faliback ion
are not prov1ded in. Chapter ‘1.5 of the PSAR. Assuming. that fa
of .a pin-hole variety (with no- fuel partlcle re]ease) occur-and that
the proposed on-line fuel failure monitoring system ‘development pro-
gram does not result in the.desired quantitative detection system,
discuss  the impact of th1s assumpt1on on your proposed operat1on
with failed fuel.

Resgonse~

There are -three funct1ons performed by the failed fuel mon1tor1ng -
_system 1) detect1on of gross cover. gas act1v1ty change; 2) :

failed in. the presence of ex1st1ng;
reférred.to involves: on]y the ‘third
Section 15.4.1.1.1, an: assumption:tha .
the objectives. would involve a potential operat*ona] pena]ty but wou; N
affect the ab111ty to detect ‘failures. . e s

Q001.329-]. Amend. 25
Aug. 1976 - -




fQuest1on 001 330 (15 4. 1 1) .

cited -on page . 15 4- 13 to support your statement that rupture
,stochast1c c1add1ng fa11ure is. ]1ke1y to be a p1nho]e. -

Resgonse:v R : . .

The reqyested information is pfovided in,reyised Section 15.4.1.1.5. A:*gg.   A

' Q001.330-1

Amend. 25
Aug. 1976




Quest1on 001 331 (15 4. 1. 1 6)

Cons1der1ng the impact of a l.7% AD/D pe]]et expanswon ‘on. 1r'

- cladding which. has Tost a ‘considerable fraction of its ductil
assuming initial pellet- c]addlng contact d1scuss the potent1u "

cladding failure. . -

: Resgonse:

It is assumed the question refers to the following statement in Section -
15.4.1.1.6, page 15.4-14: "The_theoretically predicted uniform linear
expansion of CRBR fuel and -axial blanket pellets would only be 1./% and. . -
0.7% AD/D, respectively, for extreme reaction cond1t1ons after a f“““"
late in Tife. ( See Sect1on 4. 2 1.1.)." W . .

The subsection 1n wh1ch th1s statement otcurs;dealszTth th
effects of operat1on with faile . i ;
the pellet expansion after.the fuel: pin has :

of "the potent1a1 for’ c1add1ng fa11ure“'1n 1rrad1ated c]add ggdue
this expansfion does not appear- re]event -

Q001.331-1 R _Amend. 9
A : Dec. 1975~




_‘Quest1on 001 332 (15 4 1 2. 2)

on page 15. 4 18 ‘the statement is. made that: ?test-data*show~that nder FER RN
short term, steady state cond1t1on, pin fa11ug 1S 'expe e

the molten mass exceeds 25% to 30%." -Address the' s1tuat1on assuming’
long-term conditions and indicate whether there are ongoing tests for

'.thls cond1t1on

fResEonse |
-‘Page 15.4- 18 has been changed to c1ar1fy the pos1t10n

The statement was not 1ntended to 1mp1y that ‘a fue1 me1t1ng criter1on 15[ o

severe undercoo]1ng transients cou1d resul,
‘w1thout any- mo]ten fue] However, the poin

: g o R
_1nformat1on requested can’ be found in rev1sed=Sect1on 15.4.1.2.2.1;v{g,

Q001.332-1

 Amend. 25
- Aug 1976




Question 001.333 (15.411;2-2)

*Response

‘The HEDL P-19 exper1ment was conducted to determ1ne the effect of the :
fuel/cladding gap size on the linear heat-rating-to-incipient me1t1ng

R assemblies thermal analysis is d1scussed in PSAR Chapter 4

241 .40.

a) Reference 5.of PSAR- Sect1on 4, 4, transmitted in response to- que

Provide a descr1pt10n of the P-T and p- 20 exper1ments c1ted ‘nlth
including comp]ete documentat1on of the exper1ments and atte _a

for beginning of 1ife conditions. Information was also developed on. '
the fuel characteristics (restructur1ng, gap conductance) for beg1nn1ng-

of-life conditions. The HEDL P-20 experiment was conducted to evaluate

the influence of burnup on ‘the Tinear heat rat1ng to incipient me1t1ng

The utilization of the data of these exper1ments in the CRBRP-f”'1

response to- quest1ons 241. 8 241 31 247" 32 241 33 241 3
Documentation of the'experiments and attendant’re5u1ts'can*bé7f

241.37 (P- 19)
Reference 12 of PSAR Sect1on 4.4 (P-19)

Reference 13 of PSAR Sect1on 4.4, transmitted in response to quest1on ;'q
241, 37 (P 20) : .

and the follow1ng add1t1ona1 references _
© Q001.333-1 R.D;,Leggett, el .al.,"Influence of: Burnup on: Heat Rat1ng-~_uhf

“to-Melting for U0 Pu02 Fuel", Trans. Am Nuc] Soc o
19, pp. 136-137 ({974)%(P-20). "

Q001.333-2 D.A. Cantley, et.al., "HEDL Steady State.Irradiatipn’- S
Testing Program, Status Report through February, 1975", .. -
HEDL)TME -75-48, December, 1975, Sect1on V-A. (P-19 and .
P-20 -

- Q001.333-3 R. B. Baker et. al., "Interim Report Effect of Burnup |
L on Heat-Rating-to- Inc]p1ent Fuel Me]t1ng-HEDL p-20", .
HEDL-TME-75- 63

h 0001'333-] Amend. ‘19
May J976




Quest1on 001. 334 (15 4.1.2)

Regard1ng ‘the . Therma] Loading: of Duct prov1de a d1scuss10n wh1ch co
the possibility, particularly for 1rrad1ated and embrittled ducts;: R
thermal stresses generated by the application of therma] loads w111‘fa11'”7:3 S
the duct before melt-through. :

Response: |
The kequested information.iS'provided‘in;révised section 15.4.1.2.3.

. Q001.334-1

Amend. 25
Aug. 1976




Quest1on 001. 335 (18. 4 1 21

The conc1u51on that large cracks areévery‘unllkely (page 15 4’25*‘“
' : i th.at. the inle

gth, P ;
the. conc]us1on that the crack will be 11m1ted;to a-few inches g
appropriate. Provide the test results to justlfy the conclus1on for :
irradiated ducts. _

Resgonse.

Test data to- f1rm1y establish the ductil1ty of highly 1rrad1ated ducts and
the variation in ductility with position (due to fluence and temperature ’
variat1ons) are not available. However, these data are not required to:
arrive -at the conclusion that: crack1ng of a duct. (even over the
core length) would have acceptab]e consequences -The consequen
postulatad large. crack were. prov1ded 1n}th_, ; '

PSAR Section 15.4.1. 2 has been mod1f1ed to c]ar1fy the pos1t1on

Amend. 20
May 1976

Q001.335-1 .




-;Quest1on 001 336 (]5 4 1. 3) o o
_ - _“." Prov1de the Just1f1cat1on to support your: stat'

that "such part1c1es of - debr1s cou1d on]y be~ran_om1y:d1str1 u
- the heated zone " » _ :

.Resgonse » N , S . ‘ : ‘
The Just1f1cation is prov1ded in rev1sed Section 15 4 1, 3 o 5fgj; -a?;?25;f”"

B _ o v Amend 25 .
QOO];3§6-]. : _ Aug 1976




Question 001.337 (15.4.1.3)

Provide Just1f1cat1on to support your statement on page 15 4 31 tha
debris deposition occurs it w111 not occur preferent1a]1y "

ResQOnse'

The above statement refers to corrosion product dep051t1on in the p1n bundle.;,m
and its potential for blockage formation. As discussed in the response to
Question 001.336, deposition within the pin-bundle would. be random.  In:

addition, a discussion of exper1menta1 evidence indicating turbulent. m1x1ngj'f'

in the 1n1et p]enum is provided in revised Sect1on 15 4 1.3.1.

o | ~ Amend 1
Q001.337-1 o " Feb 197¢




Question 001.338 (15.4.1.3)

On pages 15.4-31 and 15 4-32 it is stated that the core thermocoup]es -
'will be used to detect blockages postulated to resu]t from debris
(corrosion-products and-lubricating 0il) deposition:’ Operator action:
will ‘be required subsequent to any warning signals’ of s1ow—act1ng core
blockage.. The thermocouples are not safety- re]ated instrumentation -

as defined in subsections 3.2.1 and chapter:7.0."-Since this: will:-no

be designed as those required for safety, credit. shou]d not be’ taken for
any operator action. Assuming failure of the thermocouple system, -
describe the effects of the -above flow blockages.on. the: subassemb11es s
Include consideration of long-term buildup and :the role: of PPS* relat"'” R

1nstrumentat1on to detect and 1nd1cate correct1ve act1on

Resgonse B

A]though core ex1t thermocoup]es m1ght pro“
‘large’ b]ockages, they are-not relied upon sfor” the: ‘
Pages 15.4-31 and 15.4-32 “have been c]ar1f1ed to refle
‘The effect of Tong term buildup of corrosion products
page 15.4-31. It is noted that:corrosion: ‘product” depoS1 fon-is
in the fuel assembly pin bundle. -Even if ‘conservative corros"
deposition levels are postulated over the entire: fue1 p1 “lifet
consequences are insignificant. LR

As mentioned in Section 5.3.2.3.1 of the PSAR, 0il 1eakage 1nt0'the*co
in:‘the :pump tank is improbable, particularly .since- ‘the: leakag
tank which collects any.0il.leaking past the sea]s s, s1zed to~
of the tota] supp]y 0il 1nventory S : &

'Results of exper1ments performed at ARD. show that even i
© occurs;, .the reaction products will be small, fr1ab1e particle:
~ unlikély to become.trapped within the fuel bund]e ..In these
- fifteen microliters (15 ul) of DTE-24 turbine oil was 1n3ectedﬂ
metal at 850° and 1050°F, the sodium having a .surface .area. of .5.
a -mass -of approximately 12 grams. Ten minutes. was . al]owed for o
reaction and the argon cover gas, which was at one. atmosphere was |
for gaseous reaction products. The gaseous products formed were a11owed to
equilibrate with the gas sampling system for five minutes and were subse-
'quently identified utilizing estab1lshed mass spectrometr1c procedures

: Amend. 15
Q001.338-1 : , ~ Apr. 1976



The sodium was allowed to' cool to ambient and the stainless steel-reaction
vessel disassembled. Black particles were observed on the solidified
sodium surface in each case. The bulk sodium metal was removed by low
temperature (600°F) distillation and the particles collected. The ,
particle residues collected from both the 850°F and 1050°F experiments .
were similar with the exception of quantity and size. The size and .
quantity of particulates were greater for the -1050°F reaction temperature.
Measurement of particle size was extremely difficult because the fri-.
ability of the reaction products was such that they. disintegrated:upon
the slightest movement. The largest particles formed were of the order
of 40 to 160 mils. However, because of their friability, when ex osed.
~ to the turbulence of flowing sodium:(such as -in the primary coola
- particles would .be reduced -to sizes..small compared to any: flow.p
“(on' the order of 1 mil or less). They would be easily: sw
'sodium-:and not become trapped within the fuel pin bundle. I
Teak ‘is postulated, mixing in the inlet plenum would preciude a
transport of the reaction product to a: given inlet module or. ass

Blockage formation within a given assembly would require an unrealistic’

quantity of lubricant leakage collection offthe»small~p&rticles;ihla o
- blockage configuration. - C _

If a large lubricant :leakage is postulated ,_th‘rqugh'“'t'fh'erfpurppnb‘eapizn;g;- ' ) ‘(
" seal, the oil level indicator would indicate the-malfunction Tong before '
“"the capacity of the leakage feservoirvcoqufbe=g{ceedgﬂ;,angeyers 

- even if the operator takes no action, no*potent1a1jfor“a;dam§gﬂ o
blockage exists. Even if sequentialﬁoperator_errorsfgndZQr>mgliupgﬁwpns-
“are assumed and oil is assumed to oveﬁfyewjtﬁe~1é¢kagefre§envoyr;aqda;

Jeak into the sodium (at the estimated leakagerate ‘at which oil passes
through the pump bearing sea]_into’thef]eékagefresgﬁvonr) oyer:affutT“-
month (maximum time between sodium chemical analysis for carbon), a
“maximum of ~9 pounds of reaction‘dedUct§_w0u}dfbe*jntroduqed"thqfthe1 _
primary sodium.- This concéntration (~10ppm) would not haye'any‘potept1a1
for blockage formation because of the small particulate size. .Even 1f:

some deposition is postulated, there would only be small lTocalized reduc-
tions in heat transfer which would not -increase clad temperatures signi-
ficantly. The volatile reaction products are very small in volume and:
would 1ikely be collected in the pump cover gas and removed. - However,

even if they are postulated to enter the primary Toop .sodium flow, they
would have no impact on primary system component performance. The ‘reacti-
vity and heat transfer effects of such gases as they pass through:the v
reactor core would be negligible. In conclusion, there would be no damqge :
or adverse effects on fuel pin performance, hence no plant protection
“system response is required.

Q001.338-2 - Amend. 15
Apr. 1976



Quest1on 001.339 (15.4.1. 2)

The descr1pt1on of the MARGE/SLUMP CODE in Append1x A is not suff1c1ent1y

complete. Provide detailed documentation of the modesl used in the code:

and provide the results of the experimental evidence which support your
- statement that s1ump1ng and formation of fuel bridges will occur.

Resgonse

The requested detailed documentat1on of the node]s used 1n the. MARGE/SLUMP
CODE is prov1ded in revised Sect1on A.55. : . o

S S - Amend.125



Question 001.340 (15.4.1.2)

The statement on page,15.4-17 that the-*fha]écladding gap will iﬁéfeé§é§~’eﬁf;f

and close" appears to be inconsistent and in error. Correct the’state-
ment accordingly. ' B

Response :

The statement in question was in error and has been revised.

Q001.340-1 Amend. 9
EEE . December 1975



.-Resgonse-

“The estimate of stresses descr1bed in the referenced sect1on is gross]y

“load points as would occur for a breach»of the assumed

- “internal.gas préssure and the: dynam1c nature of the’ 1oadtare also: not |

Questlon 001.341 (]5 4.3. 1)

Regard1ng the mechanical effects of f1ss1on gas. re]ease on rods and - duct

‘walls, it is stated on page 15.4-57 that "the potential for irradiated
_cladding to burst under this stress needs further investigation."

Provide a description, including status and schedule, of your R & D
program to resolve this issue. Include in your descr1pt10n an est1mate

fof the assoc1ated cladding strain.

conservative. It does not allow for load redistribution through adJacent

continuous. nature of the rod- beyond: t Sume
add1t1on,rod bending;- bundle: compressibi Ly gi

accounted for. Furthermore, the consequences of such: an additional fa11ure>
are minimal in as much as the fa1]ure would not result in @ s1n11ar 1oad

‘to additional rods. These conséquences are . reflected in revised Section:
15.4.3.1. Because the consequences of failure of an adjacent rod would:.
_‘be acceptable no R&D programs have been 1dent1f1ed in. th1s spec1f1c area

_ Amend.'éz
Q001.341-1 o | ~June 1976
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Quest1on 001.342 (15. 4 3. 21

Prov1de Just1f1cat1on analyt1ca1 and exppr1menta1,.1f any, to sub-»
stantiate your postulated failure mode in ‘'subsection:-15.4:3. 2 3'and

indicate if consideration has been given to potential failures: resu1t1nqﬂw;fd |

in secondary 1oad1ngs

ResQonse.

PSAR Section 15.4.3.2.3 has been expanded to discuss the basis for

postulating the failure mode and reference discussions of secondary
loadings.

‘Amend. 1
April 1¢



 Question 001.343 (15.4)

‘Consider a completely blocked, fueled subassembly at full power. “Analyze -
the possibility of subsequent subassembly to sybassembly propagation up-to .
and including whole-core involvement. Specify the nature gnd extent .

- of initial fuel or cladding plugging above :and below the core, fuel _

- dispersal and flow regimes and 1iquid-liquid heat transfer. - Include the

possibility of failure propagation via. the inlet plenum as well as via -

the S/A duct walls. Perform a similar apalysis but with scram occurring.

Consider maximum-values of decay heat and minimum values of shutdown

- pony-motor flow in adjacent subassemblies. The analysis should in¢lude - o
the transient effects of initial pump costdown and changes in decay heat. S SR

Resgqnse:

. Fuel assembly bTockaQQ,asia_poten#i§111n$ti
“Section 3.3.1.4 of CRBRP-3, Volume 1 (R

It was concluded that large blockages suffic % SRR

~ ppiling are highly improbable. Even if an assemb]y-to-agsembly propagatign |

- scenario is hypothesized, the consequences would be enveloped by other
faﬁgure ?equences that involve the whole reactor and have'been-analyzed
in detail. : : IR T

Q001.343-1

“Amend, 62 -
Noy. 1981



'7};Quest1on 001 344 (15 A)

; Dé ine the term "Dep]et1on Factors" used 1n,?abl 15.A.3-3 (yeltow) -and = -
‘Table 15.A.3-4 (white). In add1t1on, verify t nterpretation .of ‘the
'.}_exponent1a1 notation used ‘in: “Table 15.A.3-3 ( e]]ow) which uses two d1g1ts

Lo the Ieft of the dec1ma1 1nstead of. the usua] one d1g1t - .

.1jResgonse :
3-31,A” ef1n1tion of the term “Dep?et1on Factors” is prov1ded 1n reste N I
" Sections 15.A.3.2.1 and 15,A.3.3.2.(yellow). With respect to pon

-notation used in Tab]e 15.A.3- 3 (ye]]ow), the -asterisk note" 1nd1cat1ng
o ©13.19-05 = 1.319%10°° |
L conta1ns a typograph1ca] error and shou]d read

13.19- os . 319x1o‘4

| 'An update PSAR. page 15.A-16 (yel]ow) has been prov1ded to: correct th1s erro"'

Q001.344-1
B qmend 25
ng ]976



' _basis_for the scope of the Reliabilit Program
..prov1ded in that- document, on]y cor

eva]uat1on

Question 001.345 (App. €, 15.0)

Tables 15. 1.3-2 and 15.7- 1 of Chapter 15 prov1de the 1ist of a]] acc1dents :
considered in the course of the accident analysis, which result i
at the site boundary which-are within 10CFR100 gu1de11nes :
in particular provides a l1st of "other events". Provide a similar ™
table(s) for Appendix C which contains a 1ist of all events having. the -
potential of exceeding the: TOCFR100- gu1de11nes, 1nc1ud1ng a1l "other:
faults". . In th1s table(s) identify: .

a. The events wh1ch are, or w111 be ana]yzed w1th1n the re]1ab111ty ‘
program (App. C). . _ )

b.‘,The events which are discussed or ana]yzed elsewhere in the PSAR
. with a specific Ccross- -reference (subsection and page). :

c. The 1nd1v1dua1 events which should be summed up for obta1n1ng the e

overall probability of exceed1ng ]OCFR100 gu1de11nes

d. The. initial a]]ocat1on of re11ab111ty goa]s ass1gned to\each
of the relevant events ~

Respons

The Reliability Program P]an (Ref Qool. 345 1, Section. 1) prov1des ‘the
~ Based on the rationale

re11ab111ty eva]uat1on These e'

Thws 1nc1udes structura] fa11ure of~1tems~suchra
core- support, piping etc. Other events wh1ch have the ] 1
release  radioactive -source materia '
failure of ‘the' safety-systems; are descr1bed 1n Sectlons 1
1.2.2.2 of the Program Plan, w1th appropr1ate ‘reference to

~ sections where they are evaluated ‘Examples of conditions evaluated in

this category include refueling machine operation, storage of radio-

~active material, and natura] phenomena such as earthquakes.

" The spec1f1c events and their assoc1ated frequency of occurrence, wh1ch

are used to determine the yearly unreliability of the Reactor Shutdown
System and the Shutdown Heat Removal Systems, are defined in their
respective current assessments (References Q001.345-2 and Q001 345-3).

The extent to‘which allocations have been made is descr1bed in Section

- 1.2.3 of the Program P]an

Q0a1.345-1 ~ Amend, 20
T T May 1976



Thus the specific responses to the four parts of th1s quest1on are:

a. 1. Fa1]ure of both shutdown systems when requ1red to act

2. Fa11yre of . decay heat removal system, due - to any mechan1st1c L s
ca 'e, fo]]ow1ng reactor shutdown _ L

3. Assemb]y to- assembly failure, propagat1on potent1a1 , _
4, Trans1ents.beyond the capab111ty of the Plant Protection System.

. Noc e

-re]ated event,. other than the above, has a potent1a] for

d. 1. 10‘7
SZ; 8 x TQf7'

References: . . -

Q001.345-1.
Q001.345-2.

Q001.345-3,

o B ' : Amendq 26 ‘
Qom.345 2 Aug. 1976 .(-‘



* Question 001.346 (C.2.1.4)

As an integral.part of the plant des1gn philosophy the PSAR. assuf

all

unlikely due to redundancy, diversity, and equ1pment phys1ca1 S

. that. important re11ab111ty dss
- accommodated: and .that the. Re_'
,:str1ngent re11ab111ty goa]s

- Many.parts of the CRBRP reactor,shu own

~ factors other than random 1ndepen

eapresent practice, to_be achievable.(see, forﬁexamp]e,An

failures are independent; (2) common mode failures. (CMF) are.h

the design; (3) the project will remove or accommodate CMF via di ‘
and (4) a systemat1c approach minimizes: the 11ke11hood of- overlook1ng potent1a1
CMF. - : _ _ R . i ERREE .
ca. Is it correct to. state (page C. 2 1- 21)that the system goa]s for both
the primary and secondary shutdown. system have been.achieved in.the
absence of an attempt at. quant1tat1ve mode11ng of CMF for the mode] in
Section C.2.1.4? . . o _
Provide the best analyses completed to date on common mode aspects of the
re11ab111ty of the spec1f1ed plant protect1on systems
, Response' o CoLL
,(a) The analyses presented in. Append1vd A

and to prov1de reasonab]e assurance that th1s'system as . des1g
of meeting its allocated goal even when other significant
as ‘human errors, common mode/common cause failures and-
activities are- considered. { < IC

it is: -reasonable to assume - .that t
-to. accommodate these other factors

System unre11ab111t1es (1nc1ud1ng on mode.
each of the separate systems (primary ‘and. seconda ry)

‘without Scram for water Cooled,

yv -}
as those used in operating reactors so that the CRBRP shutdown
be ‘at least this good. The probab1]1ty of common mode fa11ures ‘can ‘be
reduced significantly through design or operational changes resulting from

.careful application of failure mode and effects analysis and fault tree/

event analysis, rigorous test1ng programs for components and systems, -and
consideration of human factors in relation to design, test1ng, operat1on,
and maintenance. This approach is presently undertaken in. this program with
-ah“exhaustive component level. failure mode and effects ana]ys1s, a test '
- program wh1ch is . 1n place, and the 1nc1us1on of human factors cons1derat1ons

7Even 1f it is not conclusive that all of these factors can, be quant1f1ed to th
same degree as random independent- failures,. current studies indicate that
they -can be sufficiently evaluted. so as to Judge the1r potent1a1

~ Q001.346-1 S - Amend. 20
S : May 1976



effect on the goal. Thus it is considered prudent to set such' a.
~stringent goal and strive to meet 1t in such a way that safety system
re11ab111ty is max1m1zed . v

(b) The most recent common mode fa11ure ana]yses comp]eted can:-be fo n':_
. Section 3 and Appendix 9.7 of WARD-D-0118, Rev.1 date November, 1975, -

It should be recognized that this is an initial effort of an on-going,
iterative activity.” A brief description of how common mode/common cauSe
failures are considered within the CRBRP rellab111ty program ‘appears
in Section 4.2.3 of the Reliability Program Plan and i$§. repeated bélow
to emphasize the importance which the Project places upon reso]ut1on
of common mode concerns.

The overa]] approach for reso]v1ng common mode fa11ures s s1m11ar to
approaches for other types of failures; jdentification ‘and reso i0
. The fa1]ure probab111t1es associated w1th the combmnat1on of:

' wa'rant reso]ut1on ' The approach
sy mat1c methodology for ‘(a) i ati
- failure mechanisms, 1nc1ud1ng evaluation of the SH
system effects and criticality,.and (b) reso]dt on. of ‘the
and 1mp1ementat1on of compensatory fe  to-
critical effects or reduce” them 10 -an. cceptab]e

_ Ident1f1cat1on _'

_Ansearch for common. mode - fa11ures and causes w111 cons1der funct1on
lependency, des1gn and: manufactur1ng deficiencies, operational and nance
pr_cedures, env1ronmenta1 causes, effects of | p]ant acc1dents, natur ena;,

This 1dent1f1cat1on task w1]1 address the component and
RSS and :SHRS, and will ut1]1ze ‘the: analys1s methods des‘

‘Two d1fferent approaches will, be made at each 1eve1, (a) an event
approach, ‘and (b) a fault assumpt1on ‘approach. These will ‘be suppl
by an ongoing Titerature survey ‘for other identification techn1ques,t : ]
of ‘operating experience, and.a test program which w111 help to ver1fy the o
‘absence of common ‘mode faulure mechanisms. g’

In the: event assumpt1on approach “an exhaustive list of potential common mode
failure causes and events will be developed and used to cha]lenge ‘the.
susceptibility of components and systems ‘to failures. To aid in this procedure,
a Common Causative Factor Checklist will ‘be developed and sequences of’
causative factors (cha1ned causative factors) will be considered..- This
méthodology is described in the Reliability Manual Chapter 7, ‘Common ‘Mode
Failure Analysis (CMFA). As ‘the hypothetical accident scenarios: become
comp]ex event tree analysis may be utilized to aid in identifying comb1nat1ons
of events and provide an organized format for systematically dealing with*
these combinations individually. Event trees are further. de11neated in
Chapter 7 of the Re]1ab1]1ty Manua]

In the fau]t assumption approach, reference components and system will be

- evaluated to determine modes of failure which may occur, which events may
cause failure, whether these can be common mode events, and what the failure
effects are. These tasks will be carried out as part of the FMEA process

(

) o Amend. 20
Q001.346-2 : May 1976



'Other ana]ys1s tasks wh1ch may be used for part1cu1ar systems and compon

- If it is determined that the system is safe to accef able
- changes, no further actions will be recommended. "If

" where probability and criticality rankings will be made A spec1a1 FMEA

form will be utilized for common-mode-failure and: cr1t1ca11ty ana]ys1s, as
shown in the Re11ab111ty Manua] Chapter 7. .

are Fau]t Tree Ana]ys1s or Safety Assurance D1agrams (SAD) (mod1f1ed event -
trees , : L

Resolution -

Resolution of 1dent1f1ed potent1a] common mode fa11ures w111 be made in:
d1fferent ways These include:
Ana1y51s ,
. Limit Testing |
.Des1gn Changes
. Adm1n1strat1ve Contro]s

Ana]ys1s

Potent1a1 common mode fa11ures and causes wh1ch have been 1dent1f1ed
be. eva]uated to determine their cr1t1ca11ty and lik

clusive, one of the other approaches ‘to resolution will be :
certain limited cases where common mode initiators cannot be, ina Ll
probab111ty analysis may be performed to- conf1rm the Iow acceptab]e proba 11,
of common fa11ures | S

L1m1ted Test1ng

limits or:operating’ envelopes. Such tests might require envi 'nm 1t

Where pract1ca1 and when needed, limit. test1ng will be done to;conf‘:C

statistical sampling, and interface mockup. '~ If tests ‘and an ses cannot. Co
conf1rm system safety, design’ changes or procedura] changes w1]1 be reco fended_'v}

Design Changes

Des1gn changes to remove the potent1a1 for common mode fa11ure mechan1sm may
take many forms These . include: : : ,

a D1vers1ty in concept and deta1]ed des1gn .

b. D1vers1ty in component fabrication sources and techn1ques

c. Redundancy of functions, components, and parts.

d Increased safety margin for added protect1on

Adm1n1strat1ve Contro]s

- Where it is impractical to make des1gn changes, procedures and adm1n1strat1ve

controls will be used to assure system safety. Redundancy and d1vers1ty may

‘be applied to administrative controls to protect against a procedural error.

which might lead to common mode failure. Administrative controls are def1nedA v
including consideration of human factors to reduce the impact of human error as .
a common causative factor.

v _ : Amend;JZ(
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T et e

' Quest1on 001 347 (App C)

Discuss the re]1ab111ty safety analysis of the CRBRP as related to. des1gn
basis events due to natural phenomena (earthquakes, floods, ornadoes, etc.)
- within the context of the curnent reliability criterion. C

LA Response'

The design basis events relevant to the reactor shutdown system are 11sted
-in the design duty cycle. Using the design duty cycle as a basis, a re]1a-
bility duty cycle was formulated bv considering only safety 1m€11cat1ons of

. transients rather than any equipment 1ifetime implications. so, some of the
event descriptions were modified to reflect this safety concern.. Those events .
used in re11ab111ty analysis are listed in the reliability duty cyc]e These .
duty cycles are presented in appendix 9.2 of. WARD-D-0118, Reliability Assess-
ment of CRBRP Reactor ‘Shutdown . System, Rev. 1, dated November 10 1975

 .,'The re]1ab1l1ty analys1s of core-related rad1oact1v1ty sour es us1n th

:act1v1ty sources is. presentedv;n sect1ons _ .5, 15 6, and 5.7 AR
‘Other events which are considered statistically remote are d1scussed 1n ,
the CRBRP Re11ab111ty Program Plan, transmitted to ‘NRC on January 13, 1976

A d1scuss1on of the design basis events due to natura] phenomena and: the
. re11ab111ty/safety analys1s within the context of the current re]1ab1]1tv
'} criterion is presented in the CRBRP Re11ab1hty Program Plan. The -
~ earthquakes, floods, tornadoes, etc., forming a part of the design:bases
“for the: p1ant, are se1ected in: accordance with past 11censing practices \
- and' not"in a probabilistic manner. The reliability evaluations will. ‘not
- include .assessments of the probability of failures due to: ‘natural’ phe- :
nomena ' (earthquake, f]oods, tornadoes, etc.) beyond those cons1dered
' w1th1n the des1gn bas1s

© Q001.347-1 - " Amend. 23
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' Quest1on 001 348 (App.:C. )

'Compare re]1ab111ty calcu]at1ons based on natura] env1ronmenta1 phenomena N
- to reliability ca]cu]at1ons and so]ut1ons based pure]y on a]] other non- :é;:-:v;-
_ _env1ronmenta1 events : v - Sl , S

_Resgonse

*=Jnghe re]lablllty treatment of natura] Dhenomena is. descrvbed in. the response
. “to.Question 001.347. “‘When’ assessing a: systems re)1ab1¢1ty, ‘the impact of: R
-ocall potential environmental conditions must be considered.  The safety systems o
... are always operating in an “environment" which'is: changlng with ‘times A1) 500 e

" .events within the des1gn bases of the: CRBRP Reactor Shutdown System (RSS) g
. and:Shutdown Heat Removal System-(SHRS), are considered (with proper frequency
of occurrence weighting) when determining .reliability. This includes - L
. consideration of the impact of natural phenomena on the system as: well as
normal and abnormal operating conditions created within. the Plant: - The'
events considered in the re11ab111ty evaluation ‘of the RSS and:‘HRS a
described in their respective current. assessment Refe '
Q001.348-2). Calculations -have not been" performed ett,er str1
strwctly excluding’ natura] phenomena ' :

Referenees: _ _ : ﬂ
' VQOOTS34841.I Re11ab111ty Assessment of CRBRP Reactor Shutdown System,

: - WARD-D-0118, Rev. 1, submitted to NRC by CRBRP. Project
Office, November 1975 :

Q0071.348-2. Update of “the Pre]1m1nary Re11ab111ty Pred1ct1on, January. 1976 ;” ;
A for CRBRP Shutdown Heat Removal :System, NEDM-14082 Submitted - -
to NRC by CRBRP Project -Office, January 1976.

‘,'~:
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- information.

'.Qgest1on 001 349_ (App c.]

Several components w111 be required to funct1on under both norma] operatlonn‘tt'eilifx

and-under transient or accident conditions: It is not: clear whetheri
reliability analyses will consider component failure data”basedaot t
different environments. Discuss how the reliability analyses f
component will take into account the failure data for the- postulate con-

ditions associated with those transients and acc1dents for wh1ch the com-‘f -

ponents are requ1red to funct1on

AResgonse :

Revised Sect1ons C. 1 3 4, €.2.1.3 and C 2.2.7 provide the requested

Amend.
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- Question 001.350 (App. C')ls

The following quest1ons are based on F1gure C 1 1

“a. When will a comp1ete fau]t tree of 1oss of 1n p]ace coo]ab]e geometry
vwh1ch cons1ders all re]evant 1n1t1ators be ava11ab]e? s _

b. Can the transfer-in symbo] 20 as it appears on Sheets 2: and 9 of F1gure S
. C.1-1 be explained? ‘ ‘

¢. Provide additional justifTCation~as to why random and commoﬁ:mode féﬁ]é'
ures are completely separated in the tree on Sheet59’offFigurejC.1+}.'f»-v

Resgonse

- a&c. It is not intended to prov1de a comp]ete fault-tree ana1ys1s of Toss= . ol
of-in-place coolable geometry Selected fault tree/event't
will be conducted to aid in the- systemat1c 1dent‘
cause events. An example.is the detailed:

.revents assoc1ated with fuel e]ement

b. Sheets 2 & 9 of F1gure c. 1 1 have been corre j : e
: _has been- de]eted or replaced by the appropr1ate symbo]

]
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Question 001.351 (App. C. App. B.)

The objective of hav1ng less than 10"7 SDS probab111ty fa11ure per year that:
could lead to loss of ‘in- p]ace coolable geometry was addressed by Sk

1 A goal to prov1de a désign such. that the unava11ab1]1ty of the two SDS
would be less than 5 X 10-8. , _

2 Expected number of - t1mes that the protect1on system is cha]]enged per e
year is approx1mate1y two. , , e

a. Is it poss1b]e to construct the. probab111ty d1str1but1on of the
- number of times the protect1on system is challenged dur1ng reactor o
]1fet1me7 : :

b. What are the frequenc1es of the 1nd1v1dua] emergency events
considered in Append1x B. :

Resgonse

a. An initial re]1ab111ty duty cyc]e has be

the frequency distribution. of ‘number ‘and
the Reactor Shutdown System is exposed :
the number and type of challenges to the pr
for a s1ng1e worst year (thought to be r

cyc]e The probab111ty d1str1but1on w'
. to the protect1on system arrive in a r¢ v
‘ arrival process. Details of the reliabilit; - '
in Section 9.2 of WARD-D-0118, Reliability Assessment of CRRRP Reactor

Shutdown: System, Rev 1, dated Nov. 10 1975 c

N

s

b. The frequencies of the individual . emergency events i th' duty
cycle have not been specified for either str ~t
reliability analysis. - The events specifié . (
" category are considered to be such that while one: occurrence of
a single event may take place during the plant 1lifetime, when
taken individually, the events are not Tikely -to occur at all,
For the structural analysis, the analyst must consider 5 occur-
rences of the most severe event for each component, plus two con-
secutive occurrences of the most severe event (or most severe
. unlike events if the consecutive occurrence of those events is
. more severe than two consecutive occurrences of the most severe -
event).

' - Amend. 22
Q001.351-1 June 1976




 Question 001, 352 (c 1, c.2. 1)

of. a]] poss1b1e comb1nat1ons of operat1ona1 states of 1ts components and

the reliability of the system 'is computed in terms of its component re11a-
-b111t1es

-a. Compare the success- state method of ana]ys1s w1th a method based on
» failure probabilities.

'b. A fault tree as developed in‘SectionVC;1, based on fai1urevprobabi1ities
would simplify the analysis and make it easier to follow failure paths.
Discuss why this method was not utilized in the fault tree analyses.

- Response:

a. A s1mp1e two-out-of-three system will. be used as an example to;com are
© success-state methodology with a method based on fa11ure pro,alt
‘The system logic 15 shown below:. e S

?@ﬂﬂ

Using success-state methodology, a success table must be generated X 1nd1-_1;“
cates a failed state with a failure probability Q while-a blank 1nd1cates e
a success state with a success probab111ty R=1-Q). :

Success Table

_System e
State # A B € Sys.
2 X
3 X SR
6 X  ¥.‘ X
7 . SR ¢ X
8. ..'X X - "‘X.

Note that states 1, 2, 3 and 5 lead to system successes. Therefore, the
system reliability is: _ . :

Q001.352-1
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Reys = RaRgRe * RaRpQc + RaQgRe + QRyRe |
Setting Q=1-Ry Ry o = RyRy + RyRe. RARBRC R RC RARBRC S ‘ a

- 3R% - 2R% f Ry = Ry = Rp = R

ll

A B C.

i For the: same- system;,. a fau]t tree approach wou]d beg1n w1th a: system fau]t . .
tree: . v : o

"+ Sysitem:
Eailure

;J;\va% AC + BC

A}
1

P
[ A B A
i fails = ‘fails  fails

;‘.

N _ /

| 'Th1s y1e1ds a Boo]ean solut1on of

| : . _ /ff . ',1 | -‘c. .: L:  ;:.  ‘ll'(

fails = | fails = fails

. System: Fa11ure AB + AC'+»BC

' Us1ng Boo]ean Algebra techn1ques to: find the fa11ure probab1]1ty express1ong
Py : _

 P(AB§’+‘P(AC) + P(Bc)

-P(ABAC)%--P(ABBC):- P(ACBC):

"+ P(ABACBC)

= P(A)P(B): + P(A)P(C) + P(B)P(c)
-P(R)P(B)P(C) - P(A)P(B)P(C) - P(A)P(B)P(C)

o+ P(A)P(B)P(C)

=307 - 2 if P(A) = P(B) = P(C) = Q-

" Now, if'theztwo.meihdds’areaequivaTent,

: P(AB%+ AC + BC)

AN

- .Qo0T.352-2
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- 301-R)? + 2(1-R)3
1-3+6R - 3R>
3rZ - 283 .

3RZ - 2R3 = 1 - (302 - 2¢°)

+2 - 6R+ 6R2 2R RS

This shows that the two methods compared give'eduivalent results.

The fault tree deve]oped in Section C ] was deve]oped pr1mar11y for qua11- .
tative evaluation of loss of coolable geometry. By means of the fault tree,

it is easier to follow the failure paths and understand how. the system works. '
“However, it is easier to handle monitoring, renewal, maintenance, corrective -
actions, and duty cycle usage with success state mode11ng than: w1th faulto -
tree ana]ys1s The PSAR electrical model discussed in Section C.
first. attempt at.modeling the: mon1tor1ng and correct i¢
the electrical systems using a Markov' model-: i
covered.-all system states which:were. of 1nteres,;;f 1
ment (WARD=D=0118, Reliability Assessment of ‘CRBRP. Reactor
Rev. 1, dated November 10, .1975), has an electrical subsystem: Marl 1C
(Sections 4.3 and 9.4) of 27 states and takes advantage of mon1tor1ng
- rective action and renewal aspects of the electrical subsystems.

The success tables of the’ success -state: mode11ng a]]owed a v1sua1
of the Markov model (page 9- 54 of WARD D 0118). The top level;mo“

mechan1ca1 subsystem renewa] duty cyc]e usage, and mode11ng of bot me
and challenge depéndent fa11ure mechanisms. This mode11ng is -more ‘easily
done with the success state approach than with fault-tree anal, ‘
earlier success-state models allowed a ready transition to ‘the ,
models because the system states were ‘presented and system 1og1c was used
d1rect1y A

Q001.352-3
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Question 001 3534{C 2.1. 51

In this section there are. mu1t1p]e mode]s for the primary e]ectr1ca1 and
secondary mechanical systems used in.the eva]uat1on of Shutdown System av'fr
ability. In clarification of the Shutdown System analysis provide the: spe-
cific equations used in the evaluations’ of Sect1on €.2.1.5 and relate
Equat1on 2.1.4-11 to Equat1on 2.1.4=29.

Resgonse

The results of Section C 2.1.5 are 11sted be]ow with remarks concern1ng
the1r meaning or def1n1t1on

‘EEEEE' . ,sttem ~ Result - B ~ Remarks
(1) Primary Electrical . - 5x10-5 . Average-unavailability,

pg. €.2.1- 20v, - _monitoring, 1/2 safée to.
tota] fa11ure,rat1 r

: - ' pg. C.2.1-21 1/2 safe to tota] fa-

rat1o, redundant pr

G et
S - pg. €:2.1-22 -

(4) , sens1t1v1ty : Average unava1T
~Tab1e C 2.1- 2 ‘ monitoring, redund
, » S rtective: fu“ct1on ' ared
sensor, 720 hour-test :in= ..
terval, vary safe to tota]
. fa11ure rat1o
(5) " " sensitivity - ) Average unava11ab111ty,
' . ‘Figure C.2.1-15 monitoring, 1/2 safe to
o : ~ total failure ratio, re-
. dundant :and single protec-
~tive functions, vary test
: : 1nterva]
(6) Secondary Electrical 6x'l0'5 : - Same as No. 1
... pg. C.2.1-21 , ' _
(7) " ot 121x1075 : : Same. as No. 2
: ’ - pg..C.2.1-21

(8) ™ " ~33x10-5 Same as No. 3
. B - pg. C.2.1-22 :

Q001..353-1
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(9)
(10)
(11)

(12)
-(f3)

(14)

Average unava1]ab1]1ty is found by tak1ng the expression for the system

sttem " Result
Secondary Electrical sensitivity:
' Table C.2.1-2
" " A sens1t1v1ty
Figure C.2.1- 15-
Primary Mechanical 2x]0‘5
- - pg. C.2. 1-20
" " ‘sensitivity
5 ~~ Figure C.2.1-16
Secondary Mechanical 2x107%
o pg. C.2.1- 21
" " ~ sensitivity

Figure C. 2 1-16

Same as No 4

.'snSame'asiNo. 5.

o Remarks

®

Rod unavailability of 0.01
Vary rbd-unavailabi]ity
Rod unava11ab111ty of 0. 01,

2/3 1og1c - '100,.000 hr MTTF
Same as - No 12 -

~Tiability- RS(A t), where A is a vector of component failure rates and t s,f"

t1me, and 1ntegrat1ng th1s over a t1me 1nterva1 of 1nterest then averag1ng
the result, as follows:

Ug = 1-Ag = - T ,f 2 Rg (2 £)dt.
21 Tj

Note tha-t all the 'e1éctri¢a1. res'-ults are average u'nav.a'ﬂ.abﬂi_‘»tiés. _ ‘
2, 4, and part of 5 use‘Equation 2.1.4-29 for’Rf(x t) ' (

which represents the re]1ab111ty of a redundant protective funct1on with
a shared sensor for the pr1mary e]ectr1ca1 subsystem For this case, .

Results number 1,

Acomparator A¢ © ca]cu]at1ona1 unit Acomparator’ AD - X2/3 lTogic®
AE Asumm1ng logic & 1og1c driver’ AF breakers Below are the data -

used for each of the above cases. A1l ' s are in un1ts of 10'5‘faﬁTures/bbur.

~ Base-Data  Case 1 ° Case 2 Case 4 . Case 5A
AFX 5 2 R 5 . 2 2 '
g 20 4 100 8xk 4
Aem. 12.5  6.25 6.25 12.5xK 6.25
*cu 16.7 ©° .3.33 8.33" 6.67xK ° 3.33
A3 5 2 2.5 5xK 2.5
g 5 2. 2.5 5xK 2.5
Agr 12.5 6.25 6.25  12.5xK  6.25 .
A 25 6 15 2+48xK 6 ‘ ]
| (
Q001.353-2
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=

_:_Case 2

~ tion with K=0.8, R=0.9, and g-t

) Base Data Case 1 - _Case 4 _ Case SA
Ag 12.5 625 625 12.5xK '*_6 25
A 29.2 e9.58:s'_.14f58;;:5‘19;17xk»>}(9,53
Ap - 5 2.5 . 2.5 o 5xK 2.5
g 5 2.5 2.5 5K 2.5
Ap 12.5 6.25 6.25 12.5xK  6.25
U 0o o0 0 0

T, 720 720 720 720 T

The base data column represents the input Mean Time to-Failures (MTTF s): from?.
Table C.2.1-1. These base data were modified for each of the ¥4 cases
described -here. ‘Since no. model was: developed for monitori
protective function, a- conservat1ve appr0x1mat1on wase y;,,
component failure rates were muTP"]1ed‘by‘ fa -2,
mation was developed using: equ? / ~

(See also .response’ ‘to quest1on 001 355 iS5 '
where AFX, ATR. 8 and Acy are. mu1t1p11ed by the factor pr1or to m
tion’ by a safe- to-teta] fa11ure rat1o factor ‘

failures. Case 4. shows the sens1t1v1ty 'f' h’ : 3
considéer monitoring; therefore no'2/5 factor:appears “Note that,ai e o
failures are unsafe and thus no K factor appears -in case 2 or case 4. Case 5 ;e‘-‘
varies’ T2 to show test interval sensitivity. :

Results numbered 6, 7, 9, and part of 10 use. Equat1on 2. 1.4~ 36 for R*(X7t)

which represents the reliability-of a redundant protect1ve funct10n“ th a

shared- sensor for the secondary electrical system. For this case; X = (xA,"
Ags A’ AE) where A, = + A,

- +
AC . Aﬂow sensor

lcomparator

ca]cu]at1ona1 un1t xcomparator

‘Below are the data used for each of

f1ux sensor 1nstrumentat1on XB =

As +
instrumentation

Ap = Alogic signal gear * A]ogic train®

the above cases.

Bese Data Case . 6 Case .7~ C(Case 9,

Case 10A
Ay 5 2 5 - 2 2
Ay 2 0.8 2 J 0.8 0.8
Ay 20 4 10 + 8xK 4
ey 16.7 3.33 18.33 6.67xK 3.33
Xem 6.7 0 8.33 . 8.33.  T6.7xk . .8.33 . .
e 2 b a1
Ny 8 4 4 8xK '
-Q001.353-3 -
Amend. 15

Apr. 1976



(Cont'd) ' Base Data  Case 6 Case 7. Case 9" C?se}idﬁé' dii o
oo e s aek s
Ap 16.7 833833 16.7xK - 833 (
Agr 55.3: . 16.46 28;67;_. 0:8+31.37xK" -16146&‘ ' T e
10 5 .5 1%k - 5

T o 0 o0 0
720 720 720 720 T
The: above  data are- formu]ated in the same manner as: the: primary; casei.

For resu]ts 3 and- the rest: of 5 the fo]]ow1ng equat1on is used to expreSSLT, -
the re]1ab1]1ty of a single: protect1ve funct1on in the pr1mary

where ROL 1s g1ven by Equat1on 2.1, 4 22 and Cii- s deflned be]ow is&»'ﬁwih -

defined as (lCH’ AL A ) where’ A T Xflux. sensor “transmqtter +,Acompahator’
AL A2/3.]og]c * Asumm1ng_1og1c & Togic driver> AB~% %breakersf -

Base Data  Case 3 - Case 58

4 R S
625 6.25
5. . . 2.5 - 2.5
2. 2.5

6.25: . 6.25.

cH 35 122s 12.25
g 125 6.25  6i25
o 0 0
T, 720 720 T

Case 3 and 5B are mon1tored and 1/2 safe to- total failure- rat1o and: s1m11ar |
data man1pu1at1on is performed to get to the above table.

For results 8 and the rema1nder of 10, the following equat1on is. used: for :
the- secondary electrical smg]e protective: function: _ - ‘

Q001.353-4 - S
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i

- R

where K is A

. 3f 2 e

deteetable/ACH and ACH f]ux sensor *

+X

R . L.
tation xca]cu]at1ona1 unit comparator

1s an extension of Equation 2.1.4- 11 in order to provide sens1t1v1ty 1nfor---:“'

Mogic train’

Af1ow sensor

This’

+ 2,
equat1on

1nstrumen-

mation dealing with redundant protective functions versus single protective

~ functions. To find the best that'a monitored single protective function

can be, it is assumed that all failures of the monitoered components are '
detectable with cCertainty, and are made safe instantly.

from setting Rm=1 (certain det ct1on), £T=1
components detectable), and B~ -O hours ?
with detected failure).

equation takes monitoring into account

AEx
AFW
AN
Aty
Aem
ALt

Base Data - Case 8
R .fgtff-
2 2
20 10
6.7 8.33
16.7 8.33
10 ' 5
9.4 48.7
63.7/90.4  35.33/48.7
o0
720 720

2

10
8.33
8.33

48.7 |
35.33/48.7 -

0 '

T

This is implied
(al1 failures of monitored -

b

1nstantaneous tripping of channe]
Note that no monitored factor is used s1nce the

To demonstrate the conservatism of the 2/5 monitoring factor, using the |
n, Setting

a secondary unavailability of 38x10~ -5

as compared to 33x10° -5

equation given in the primary case of a single protective funcg1o
oL =1.0, and using the following 2/5 factor data (ACH-27 5x10”

) yields

calculated from
case 4. This indicates that the 2/5 factor is a conservative approx1mat1on

For results 11 and 12 use Equat1on 2.1.4-30 and for resu]ts 13 and 14 use

Result 13 is derived in detail in the response to
Question 001.356, part (b).

Equation 2.1.4-33.

Equation 2.1.4- 29 applies to primary electrical subsystem redundant protec-

tive functions without mon1tor1ng ‘

Equation 2.1.4-11 applies to both primary

and secondary electrical subsystem single protect1ve functions with mon1tor1ng

An- updated model has been developed and used to reassess the shutdown system

The results and a description of the model and data are presented in WARD-D- 0118

Reliability ‘Assessment of CRBRP Reactor Shutdown System, Rev. 1,
It is suggested that future questions on the assessment o
techn1ques and results refer to this document o '

November 10, 1975.
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~ Tisting of the data used to obtain the. results of the-evaluation o

,ouestion 001. 354 (c 2.1, 5)

" In this section 1t is stated that the quant1tat1ve resu]ts are: based on  "'
- failure data from Sect1on.C.2.1.3. Although some data. is available in.T

C.2.1-1, Section C.2.1.3 contains only referenceS'to_data,”suc
to FFTF and commercial reactor experience, Provide a ‘syst

System availability (Section C.2.1.5); 1nc1ude a c]ear 1dent1f1catron of thef"“

~model ‘parameters ‘to wh1ch the data relates."

- Resgonse

See response to quest1on 00] 353 Also note that an 1mproved model, data,-

- and new assessment results are presented in ‘WARD-D-0118, Re11ab111ty Assess-1
vﬂment of CRBRP Reactor Shutdown System, Rev 1 dated November 10 1975

Q001.354-1 " Amend. 15
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'Quest1on 001 355 (C 2 1)

'A Markov model of the Protect1ve Funct1on Network 1s used in the eva1uat1ons

in Append1x c.

a.

a.

: Ind1cate how the fract1on of detectable fa11ure KDET’ is determ1ned

b. .-Prov1de the numer1ca1 va]ue of KDET e ‘
c.  Provide the value used for Ry (probab111ty that a detectab]e fa11ure _;"'"*"
- is detected). 7 S
d. 'PrOV1de support1ng evwdence for the'va ves used for RM and K
e.. “ ' '
Cf. ‘hInd1cate how 8 - (Page C. 2 1 10) 1s actuaTTy determ1ned and wha val
S used in the- calcu1at1ons BRI , S
g. Based on- the ava11ab1e data in Section C, 2 1, an. analy51s of Equat n:
o 2.1:4-11 indicates that KE must ‘be approx1mate1y 0.99 in orde kg
obtain a Primary Electrical §£tem unavailability on the,order f 10,7,
This requires .both Ry and K... be- greater than-0. 99;, ‘which is - .
Explain in. detail’ hom Equat?gh 2.1.4-11 is. ut11lzed in the. assessm t
of the Primary Electrical System unavailability. Provide supportlng
| documéntation for the data base used 1n th1s ana1ys1s .
‘Resgonse | | | |
' "In later assessments K w111 be determ1'ed from the FMEA done on the """"
~ various electronic’ compg%ents “In the prediction in this Section as-
~in the most recent assessment. (NARB D=0118, Reliability Assessment of.
--CRBRP. Reactor Shutdown System, Rev. 1, dated November 10, 1975), KDET
‘was determtned by eng1neer1ng Judgement (see rev1sed Sect1on
' C 2.1.5 o o
by G d, and f. f Th1s 1nformat1on is 1n rev1sed Sect1on C 2 1. 5
ueiil_Th1s 1nformat1on can be found in reV1sed Sect1on C.2.1.4.3.1.  "

. eEquation 2 1.4- 1" is used to compute the re]vab111ty of on]y a s1ng]e pro- ;ﬂ
. tective function which is monitored. Thus, the equation would model on]y

~a part of the Primary Electrical System because the Jogic network and

' scram breakers ‘are not part of the protective: function network as d1s-

cussed in Section C.2.1.4.3.1. The values of electrical system unavail--
ability on the order of 10-% are obtained under the assumption of redundant
protective functions as shown in Section C.2.1.5.4. However, the most :
current assessment (WARD-D-0118, Rev. 1, dated November 10, 1975) shows

‘that with a new model and 1mproved estimates of component failure .

rates, a single protective function that is monitored can lead to fﬁff S
unavailabilities on the order of 70-5. Eng1neer1ng Judgement was- used for _
Ki R, and B. The Data Bank for the A's is documented in Table C2:1-1- of the
PSAR. The current assessment has a more detailed documentat1on of data ’

Qoo1.3%5-1 -  Amend. 25
Y i



Question 001.356 (C.2.1)

This question number: was ass1gned to a cont1nuat1on of Question 001 355
- The information requested has been prov1ded in the response. to Quest1on
001.355. ,

' - Amend. 15 -
~ Q001.356-1 - | Apr. 1976




. Shutdown System under’ the assumption of 1ndependent control rod- fai

R yguestwn 001.357 (c 2. 1 5 '6)

' The expression for the re11ab111ty of the Primary Mechanica] Syst of ‘th

given to’ Equat1on c.2.1. 4 -30. Although it is correct that a rod unav

_f]j:_ab111ty of 0.01 implies a system inavailability of =2x10-9; the system un-
©. ‘availability is rather sensitive to the rod unava11ab111ty in the range of

interest. For example, if ‘the rod unavailability is 0.02 instead of 0.01:

. then. the system unava11ab111ty increases by an order of magnwtude If_the

rod unavailability is 0.05, then the system unava1]ab111ty is =2 x 10‘3

| a. Provide further information on the app11cab111ty of the data (Sect1on o
- C.2.1.5.6) that supports a rod unavailability of 0 01. :

~b.  The analysis of the Secondary Mechanical Systv i
L independent rod failures. Based on t %
three out of four.rod inse
“of 0.01, the: Secondary Mecha-
to be 5. 9x(10)' , which 'is Targer : gl o :
page C.2.1-2]. Provide the step-by-step ana]ys1s, includ1ng -assumptions. = .
and computat1ons that y1e]ds a Secondary Mechan1ca1 System unavaml—ﬁ’ b
ablhty of 2 x 10-5 |

-

‘Res onse

Informat1on regard1ng parts a and b of the quest1on is prov1ded in rev1sed
-v‘Sectlons c.2. ] 5.6 and C.2.1.4.4, respect1ve1y

| ’ —— f f{Anénd:'25f |
Q007.357-1 o - Aug. 1976



&

Quest1on 001 358 (C 2. 2)

:fThe pre11m1nary mode] used component and subsystem fa1lure rates to: esti
" the probability of s1mu]tane0us failure of the. four redundant heat remov
These failure rates are given in- Tab]e C.2.2-1. - :

a) Prov1de the source of these numer1ca1 fa11ure rates
b) .D1scuss the plans to 1mprove these numbers A they are current]y

estimates, based on insufficient data, or are for equipment: s1m11ar L
but not 1dent1ca1 to that proposed for the CRBRP .

‘yResponse

a) The source of each’ fa11ure rateits~prov ed as-an. pp
"Update of the Pre11m1nary Re] edi
.Shutdown Heat Removal System (NEDM+}4082 January;
was subm1tted to NRC in January, 1976. '

~b) Plans to 1mprove the basis for the fa11ure rates - 1nc1ude the fo]]-y;_;
owing:

i. Cortinued review of data which -becoe. ava11ab1e and’ cont1nued
~ interaction w1th appropr1ate equ1pment spec1a11sts

ii. Testing of selected. components within the re]1ab111ty program
as described in Sect1on c.3.2. 2 of the PSAR.

" iii. Continuance of the current po]1cy of c]ose fo]]ow of the S
pert1nent eng1neer1ng development -and' techno]ogy testing. p]anned
or in progress w1th1n the CRBRP PrOJect and the: broader LMFBR

- Program.

, Amend, 23
0001‘358 1 June 1976



Quest1on 1001.359 (App. E)

In the initial presentat1on of this Append1x 1t is. stated that_"a ‘

reliability assessment of the primary.piping “integrity, utilizing:the

PHTS interior stress analysis results ‘will be made by.Jdune 1975.", In.
Amendment 5, October 1975, it is stated "an ugdated reliability assessment

of the primary piping integrity; .... will be made by July 1976. " :
Provide this initial reliability assessment of the primary piping, 1nc1ud1ng'
methodo]ogy, procedure,: fal]ure data, and actua] ca]cu]at1ons R

Response
The information in question was -submitted to NRC. in the "CRBRP Pr1mary;

- Pipe Integrity Status Report" on December 19, ]975 _ The're
assessment is conta1ned in Sect1on 6 as supported by

.359- ' " Amend. 11
Q001. 359-1 Jan. 1976



Question 001.360 (Appendix E) .

A basic project position is that large pipe ruptures in the: primary. -
heat transport loops have a sufficiently low probability (10-8/year)
that they may be excluded as design basis events for the- CRBRP. -
- Although the reader is referred to Sections 1.1, 1.5, 5.3, and App. .
- of the PSAR, sufficient material to verify this reliability assessment
- 1s not provided. Further material in the Preliminary Reliability "
‘Assessmen', Figure E.4-1, due in June 1975, has not been ‘provided.

Provide sufficient information to verify, in a preliminary manner,
the exclusion of a-large pipe rupture as a design basis event.

Response:

The requested‘informatidn”has,beghgprqy1¢éd{fh;th§fhéR§§
Integrity-Status“Report“g.submittédwto NRc;oh}DééémbérxJ

Q001.360-1 o Amend. 11
: ‘ Jan. 1976



Question 001.361 (5. 3.3. 6.2)

A possible failure mode d1scussed in this sect1on s piping.crack. growth Sl
under cyclical conditions, in which a crack is assumed to propagate from RS,
an initially undetected flaw. : _ . : P

a) Provide a probab111ty denSTty funct1on as a funct1on of size’ for T
undetected flaws (or the methods to be used in developing this - .
- probability density function). This analysis should consider
the current Timits of detectability of flaws in stainless steel,
particularly when sodium-is in the system. A

- b) Show how the probab111ty density function is used to v§r1fy that
primary piping failure has a probability no larger 107%/year, w1th
sufficient details for an independent analysis.

v ResQonse

"~ a) The response to th1s quest1on is found . in Secti
the Primary Pipe ‘Integrity Status Report"WAR‘
The analysis for an initial undetected Flav
consideration of sodium in’ the system, since no: sod1um is ‘pi se
during pre-service 1nspect1on S

b). The response to this question is found in Sect1on 4 5 and Sect1on 6 |
of the Pr1mary Pipe Integr1ty Status Report. A supporting S
Section is 3.2.

Q001.361-1 ~ Amend. 19"
~ May 1976



o Question 001 362 (5.3.3. 6 21

: _}In this sect1on an anal 1515 " shows that an undetected ax1a] cr 500
~ long and 0.125 +in. deep) due to high c1rcumferent1a1 stresses in the cold
leg p1pe elbow of the inlet downcomer .adjacent ‘to the reactor inlet: nozzle,. .
a region of re\at1ve]y severe stress from a. fatigue standpoint, exh1b1ts a.
'negl1g1b1e growth of 6 x 107 in. It is assumed that the material is -~ - -
304 stainless steel at 800CF and that there are 600 s1gn1f1cant trans1ent ;‘;'
(cyc11ca1) -events dur1ng the p]ant -service life.

a) Does exper1menta1 evidence ex1st or will it be obta1ned to support th1s
s1gn1f1cant analyt1ca1 pred1ct1on of crack growth7 Prov1de deta1ls '

,_d_“’c_?SQQdWhat is the effect on: crack. growth if. mu]t1p1e f]aws (un"tected Care
~ " .in ¢lose proximity, i.e., does. the above £3)
crack 1s conta1ned w1th1n a '

f:Resgonse R

v jTh1s 1nformation may be found 1n rev1sed Sec;_on _:db;,'

7L

Q001.362-1 " Amend. 25
o : : ~ Aug. 1976



'Quéﬁtionfod1;3s3‘(5L3;3;6,2)" ,

]Th1s quest1on number was ass1gned to a cont1nuat1on of Quest1on 001 362 C

ghe 1nformat1on requested has been prov1ded 1n the response to Quest1on
-001.362. ; _

| DR Amend. 19
;900]'-.363'.1 . May9re



;
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Questlon 007 364 (5 3. 3 6 2[

A possxb]e p1p1ng fa1]ure mode wh1ch 1nvo]ves a. throuoh tﬁe—wal] crack 1n
a pipe elbow is shown to have a critical axial crack size (size for which
bulging occurs at operating stresses) of 15.4 inches for design pressure
and 18 1 inches for operatlng pressure

Provxde the analysis used to derive critical axial crack sizes, and show
the relevance of this failure mode to the 1n1t1a1 reliability assessment
of 10-8 pipe rupture fa11ures/year

[Response

Undated analyses based on actua] exper1menta1 results from model e]bc:ws‘= '
presented in Section 4.6.2, "Plp\ng Critical Crack Sizes," ‘of the Primar Ty
-~ Pipe Integrity Status Report (WARD-D-0127,  dated -December, 1975). Crrtw alu»>

~crack lengths are given on page 4.6-5.- -Based on test data with = o

specimens of more nearly prototypic geometry, the cr1t1ca1 crack length s

~ revised from ]5 4 1nches to 20 inches. - v

~In Section 4.6.3.3, defects in an elbow are shoun to penetrate the wall
before reaching critical crack length. The report, therefore, presents: .

1) experimental indieation that a flaw will propagate through '_
the wall rather than preferentially extending to critical crack
length without wall penetration (and leakage); and

2} the prediction of a very low probab111ty of wall pentrat1on a
failure event much more ]1ke]y than flaw growth to cr1t1ca1 length

Based on these’ results, it can be conc]uded that rupture due to crack growth
to critical Tength is well w1th1n the allocated goal of 10‘8 per reactor year.

Beyond the quantitiative mater1a1 presented, important conswderat1ons which are
not yet quant1f1ab]e provide strong support for the conclusions of adequate-
primary piping. 1ntegr1ty System design and engineering have provided a set

of duty cycle events in the piping specifications which conservatively
represent. expected plant lifetime loads. "In addition, prov151on is made for
inservice inspection and continuous monitoring. Any leak occurrence will be
‘detected in a timely manner by either sodium leak detectors or radiation
monitors. These items, coupled with stringent spec1f1cat1on requirements

~ for manufactur1ng qua]1ty and inspection verified by a rigorous quality

- assurance effort, provide confidence that p1pe rupture has an adequate]y
, .]ow 11ke11hood of occurrence. :

P U U U P Amend. 23 .
2 QOOT.364-1 e © June 1976




Also of mterest is the fact that testmg to enable a degree of :
quantification of the leak before break’ sequence of events is- ongomg ’

. Testing to measure leakage rate versus through-wall crack size.is: underway'. - ‘
Testmg to measure leak detection system capability ‘is- hPemse underwa_y P

with data to measure system r‘ehabﬂlty in more- near]y Drototymc arrange-;‘;

ments planned to be 1mt1ated f?" : SR P ;

_ .\:‘. :

N

Lo hmend. 23
Q001.364-2 o June T976.
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Quest1on 001 365 (5.1. 5 2)

Discuss the transient behavior of "‘the DHRS. system and what the max1mum BT
temperature of the fuel cladding will be when 1t is 1n ‘use; under the :
most ‘severe conditions: ant1c1pated

Resgonse _
The transient behav1or of the DHRS is in expanded Sect1on 5.6.2.3.9. | v_ '26

@

Q001 . 365-1 . A"‘e“dwgg



| Questdon‘00i5366 (5.2.4.8)

Discuss the buffered seal concept in more detail. Exp1a1n the arrangement
of seals and how uniform buffer gas down flow is assured, and why ‘chann g
on one side cannot occur, which would défeat the ob3ect1ve of the;b,__ s
seal, and allow higher concentrat1ons of rad1oact1v1ty to escape pa__¢3ﬁj.,f:
buffered seals. :

Response

The question as stated refers to a set-down ledge combined with a .down
purge seal concept where there is buffer gas or1f1c1ng at the set down. -
ledge. The CRBRP seal design utilizes 'a Na dip seal in the 400°F regxon
of the c]osure head and an elastomer seal in the 1259F region of the riser.
assembly. There is no buffer gas flow in the annular space. The channe11ng_“'
prob]em referred to in the above gquestion is not encountered S

Additional descr1pt1on of the sealing arrangement requested 1s pr"°
in revised Sectlon 5.2.4.4 and new F1gures 5 2 7 -and 5:2- 8

- Q001.366-1 © Anend. 20
May 1976




‘f“\ Q001.367 (5.3.1.1)

Discuss why the requ1rements for the Heat Transport system are stated

performance objectives. Discuss.if there is -any implication that 1",‘ AN

objectives cannot be achieved, they will not be required, and if so; in .= .. .
~ what areas are these performance obJect1ves Tikely to be wa1ved AT

- Response:

Section 5.3.1.1 is based on 5.2.1.1. Performance ObJect1ves,of the o
Standard Format & Content of Safety Analysis Reports for Nuclear Power
Plants, LMFBR Edition, prepared by Regulatory Staff, USAEC 1974

There: is no intended implication that these obJect1ves will not_be‘metlv o
and to avoid confusion, Section 5.3.1.1 has beenvr t1t1ed, "Perfo
Requirements". Consistent with ‘this cha ‘spéc 0
as - the rated power for two Joop:
unknown at what power two 1oop operat

¥
3

el

-

1.367-1 | Amend. 17
2001367 - Apr. 1976



Question 001.368 (5.3.1.1)

Discuss ‘the design bas1s of the IHX for sod1um water react1ons and check o
valve responses. What combinations of amplitude, duration; andy;”‘ o

of cycles are.used in the design-of the IHX.for sodium-water reaction
impulse-and check valve closure? W]]] these be treated ‘as ASME fau]ted
conditions?

Response:

The ana]yt1ca1 methods and: criter1a for demonstrdt1ng THX accommodat1on of' -
the design basis sodium water reaction and check valve. slam are discussed - -
in revised Section 5.3.3.1.5. . x

) .}

“"kv\rﬂf

' : . _ Amend._]s
QOO].368f1 - ’ ~ Apr. 1976



L Questmn 001. 369 (5.3.1.4. 3)

Describe. and d1scuss your proposed gas pressure test for the re- -
actor coolant system, and its obJect1ve

-Response

"Sect1on 5.3.1.4. 3 has been revised to more c]ear]y descr1be the

gas pressure- test entjre strength and t1ghtness requ1rements to be'-”
placed on the HTS.

%

‘? S - Q001.369-1 = |  Apr. 1976 -



Question 001 370 (5.3.1.5)

' Descr1be and discuss the sodium gas leak detec ion system, 1ts sens1t1v1ty~"
and response as a function of sodium leak rate, for the most severe cond14.
t1ons ant1c1pated, in a ]ow oxygen and mo1sture env1ronment

Response:

The answer to this question can be found in Section 7.5.5 of the PSAR:

Amend 12
‘Feb 1976 .

Q001.370-1



Question 001.371 (5.3. 2 3.4)

Discuss the app11cab1e experience with constant 1oad p1pe hangers dneoon
areas such-as the CRBRP reactor cavity environment for:the Tife. expectanqy
of CRBR. Describe the features being prov1ded for remote ma1ntenance, 1f
any, for inaccessible p1pe hangers

Response:

ghg gogczrns expressed in this question are ‘addressed in rev1sed Sect1on B

Q001.371-1 Amend. 16
Apr. 1976



1Quest10n 001.372 (4,3 3. 1)

Provide supplemental 1nformation on the methods emp]oyedéin>thei” i
of heat transport system.components. How. are: the
the expected deviation: established, and- how. are
determine the most probable expectation of performance? - -Wh : g
sensitivity studies are employed for structural: design: with variat-ons 1n
the sequence of app]ication of loads and variab11ity of materials
propert1es? _ ,

'Resgons

The answer to the first part of this question can be found in-the
description of the Monte Carlo technique for randomly selecting heat
transfer coefficients, process variables, and: uncerta1nty ranqes as
Rresented in the answer to PSAR Quest1on 001, 107. L

Rev1sed Sect1on 5.3.3.1. 2 provtdes the 1hfann
1ast sentence of the question.‘- L o

.* Qoo1.372-1 - - Amend. 19
N | | AT o May 1976



Question 001 373 (5 3. 3 1)

Discuss what . tests are planned for the check va]ves and w111 thesT%:
- convective flow tests to establish low flow characterlst1cs as welTias
fu]l flow tests w1th sod1um. :

Response:

Revised Section 5.3.3;1.7'prov1de5'the informatibn réqUested.

Q001.373-1

Amend. 19
‘May 1976



Quest1on 001. 374 (5 3. 3 6)

from work-hardening, forming, machining, and gr1nd1ng Exper1ence with -

fracture mechanics assessments be1ng made7

»!f Resgonse

The CRBRP Pr1mary P1pe Integrlty Status Report, subm1tted to NRC on
 December-18, 1975, gives detailed information concerning the 1nf1uence _
of cold work1ng on fatigue-crack growth behav1or for 304 sta1n1ess stee]’e;;;

(see Section 4.1.4)

’Amend'

Q001.374-1 : Mar.

The discussion presented does not mention the effect of. res1dua1 stresses_;f_

1'LWRs have indicated that these effects may play an important role: inoooo
~crack initiation. How will these considerations be 1nc1uded in the '

18
1976



Question 001.375 (5.4.1.2)

Is the L1qu1d Metal Fast: Breeder Reactor Mater1als ‘Handbook. to be
considered as a Topical Report. and if so when will it be subm1tted
in flnal form for the CRBR prOJect?

Resgonse

The LMFBR Mater1a]s Handbook was the predecessor of the Nuclear
.Systems Materials Handbook (NSMH). A reference to the LMFBR

- Materials Handbook is the equivalent to a reference to the NSMH,
because the initial publication of the NSMH contained the same,

~data as the LMFBR Materials Handbook. Any modifications to the _ o
_1n1t1a] pub11cat1on are fu]]y Just1f1ed in Volume I1 of the NSMH S S

The NRC is on d1str1but1on for the NSMH and 1ts rev1s1ons

The NSMH where utilized in ‘the PSAR 15 referenced in the appropr1ate
PSAR Sections. _ " v

ol A : Amend.-_.4;2 .‘
Q001.375-1 Nov. 1977



. Quest1on 001.376 (5 5. 2 6)

Discuss the basis and exper1ence for: mater1a1s se]ect1on and s1z1ng of the :,{., e
- SWRPRS system :

Response:

The 1nformat1on requested is prov1ded in rev1sed section 5.5.2.6 of the
PSAR . :

| _ Amend. 19
Q001.376-1 © May 1976



o Quest10n 001.377_ (5.5.2. 7)

| D1scuss what d1spos1t1on w111 be made of the sod1um react1on products 1n the 'f-

. event of .a steam generator tube rupture. Discuss.how: the remainder of-

the intermediate coolant system will-be protected aga1nst caust1c stress

. corrosion fo]]ow1ng a steam generator failure.
' Response:

‘Revised Section 5.5.2.7 provides the informétion requested.

1Q001.377-1

Amend. 19

May 1976



'QuestiOn 001.378 (5. 2.1.1)

Prov1de the analyses shOW1ng the assump : 'madeffor the me]tdown state nt,tv“
such as temperatures, heat paths, conve¢ ve'coo11ng paths -and creep. assump-ag] :
‘tion, to support the statement that the core support structure will 1ast o
-for 300 hours ' : N . . :

- fResponse

| :_“The me]tdown statement referred to in the quest1on has been deleted s1nce
?_that requ1rmeent will not be. p]aced on the. reactor vessel .

Thg 1nformat1on requested in th1s response 1s prov1ded in rev1sed Sectlon
5 1.1. ,

5 : Amend, 25
Q001.378-1 .  Aug. 1976



Question 001.379 (15.0)

Pr@vide the number and size of the reagctor head-and{vesséT;SQppcrt;boﬂﬁs
- as.well ‘as  the high strain rate data for the materials used in the hold
~down bolting system. T ' - :

Resgonse:

As indicated in'SectionKS;z,z;and CRBRP-3, Volume 1 (Reference 10a of .
~ PSAR Section 1.6) the reactor vessel support design has been modified,

replacing the bolted attachment of the reactor vessel flange to the suppo
ring with an integrally welded attachment, :

Thé closure head assembly which consists of the three rotating plugs, -
interconnecting risers, and attached components, is mounted ‘to the &

flange are interconnected by shear rings w ich would ‘tra
- 1ngs diractly to the flange, in Tieu of through the. riser asser

reactor vesse] flange via the outer risers,

The entire'reactor,vesseT/cTosurejhead‘assembTy 15 ‘secured to the reactor
support ledge ‘of the reactor cavity by a row of bolts - through: the support
‘ring.  These bolts would experience tension due to upward To

. closure head. ' The design specifies 69-hold down bolts fabrica

ted from

ay372 Class B7 (120,000 psi yield strength) with a total cross section of |

‘415 square inches. -The bolt system:remainsﬁelas;ipfduvihgafhe:smsna
_TQading._ Therefore high strain rate data are not required. =

Q001.379-1

ings on the | -

rt

Amend. 62
Nov, 1981



“::'Provide sketches and/or draw1ngs of the details of ‘the reactor in]et
.. and qutlet nozzles 'indicating the clearance between the 1nlet and the,
outlet p1p1ng and associated guard p1p1ng. _

1Resgonse

F1gure 5.2-1A specifies the clearance between the: bottom OD of ‘the- vesse1?f SR
‘piping and the bottom ID of the guard vessel to be 2.00 inches m1n1mum
* This minimum clearance is required at full power operating conditions.
-~ -For further details on the inlet and outlet nozzles see Figure 5.2-1B.:
-~ ¢ -..The reactor vessel inlet pipe will have an 0D of 24.00" and the reactor
. vessel outlet pipe will have an 0D of 36.00", whereas guard vesse]-dnlet '
, p1pe will have an 1D of 38, 00“ and the guard vesse1 outlet p1pe w11; h
Lan ID of 50 1nches : R o AR

| | '_ " | . | _ | Qdoj.saowi

Amend. 62
Nov. 1981



.(, Question 001. 381 (9.1.3.1. 2)

It would appear. that a common mode fallure effect1ng the sod1um and NaK

pumps in the EVST cooling system could make the system 1noperab1e If ‘this

was to occur, how much:time is available: before boiling commences in.the EVST
under the most severe conditions, -and ‘what are: the: consequences’ Just1fy your
position that a single pump in each circuit prov1des adequate reliability. for . .
th1s important system. , _ ’

Resgonse

The safety eva1uat1on of the EVST coo]1ng system 1n Sect1on 9. 1 3 1.3 d1scusses j '
the safeguards incorporated in the cooling system design which. prec]ude the
‘poss1b1]1ty of a common mode fa11ure rendering.all three cooling loops in=::
operable. No credible common mode failure 1nc1ud1ng a’ comp]ete,loss_of all:
off-site and on- s1te power can be 1dent1f1ed for total 1nterrupt1on;'f’ T

cooling.. L : / Sl

- Each of the two normal. EVST cool1ng c1rcu1ts is i rma]]y supplmed by of te

~ power. In case of off-site power fa11ure, ‘the normal cooling circuits:are ,
served by the two standby (diesel) AC-power:sources. - Each: norma] coo11ng c1r-33wt1
cuit-is. connected to a different standby power source o R O

“ The exceedingly Tow probab1l1ty of a comp]ete 1oss of all AC-power is ev1dent S
from the diversity and redundancy of power supply:sources: d1scussed e H1p- o
qﬂ\} ter 8. Subsequent to the asking of Q001.381, a third ¢ooling loop was added

, to-the EVST. This loop was added so -that even ‘in- the extremely un]1ke]y B

o event of a failure .of both normal EVST cooling Tloops, EVST cooling will be. -

~ maintained by operation of the third (backup) natural convection: coo]1ng

circuit: This circuit consists of natural c¢irculating sodium,. NaK, and. a1r‘

- to remove EVST decay heat of 1800 kW: while ‘maintaining. sodium temperature o
below 775 F. This loop requires no e]ectr1c power for operat1on and doesv}-
not contain pumps . : S

-~ Amend. 44
: 3,Apri1 1978

Q001.381-1-
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Quest1on 001 382 (9 1 3.1. 51

" Leak detectors are not ment1oned for the EVST. w111 they be prov1ded and~
- are they maintainable between the EVST and the guard vessel?

Resgonse

vSod1um Teak detectors will be prov1ded in the EVST This: is stated in
Section 9.1.2.1.2. The leak detectors proposed are two sodium aeroso]/
vapor monitors, and two 11qu1d sod1um conductivity detectors

Aerosol monitors described in Section 7.5.5 are connected to two gas . R
- suction tubes which are installed in the inerted, annular gap between e
the EVST storage and guard vessels at different c1rcumferent1a1 positions.

They terminate each at a d1fferent Tevel near the bottom of the cyll
section of the EVST. R . : T

No maintenance is requ1red for the gas samp11ngf-ubes The‘gas=§$@b1EVtsf7Tflfl

1s 1n a local pane] accessible for rout1ne ma1ntenance

~ - The conduct1v1ty detectors are descr1bed in Sect1on 7.5.5. They are located,;,;_gggj;
at the lowest point of the concave part of the guard vessel bottom. Two

quide tubes.at different c1rcumferent1a1 positions extend from,the'bottom/

of the guard-vessel to accessible locations at the top. of ‘the.E . The
- guide tubes serve for insertion and removal of the conductivity sen: ors
and_their cables. ~The condition of the installed. detectors. and their, cir-. -
- cuits is- cont1nuous]y monitored electrically to-assure that all connections
and w1r1ng are in: work1ng order. In the event of detector failure,. the.
detector is pulled out and a new detector is. 1nserted in the gu1de tube

_'Amend.’14ﬁbij» R
Mar., 1976 ~
Q001.382-1 : :



"fQuest1on 001.383 (9.1.3.2)

'What safety procedures would be. 1n1t1ated 1f a 1eak deve]oped 1n the f',
fuel handling cell spent fuel storage ‘tank- b1ock1ng the flow of argon -
cooling gas between 1t and 1ts guard vesse]7 . , :

Resgonse - ’ -' o . L “_ - _ | 'L 1;;

The information requested in th1s response is prov1ded in reV1sed Sect1on '
9.1.2.2.3. ' , _

| .  Amend. 25
Q001.383-1 . hug, 1976



Question 001.384 (9.1.4)

. If a CCP was dropped, even though it was. prevented from fa111ng over o A

“horizontally by the EVTM, could it be picked up again by .the EVIM? L
‘If not, how long would it take to boil sodium in the CCP with the hottest R
fuel subassembly? Discuss the consequences of such’ an event :

,Resgonse:

The information’requested;Can be found iﬁfreViSed Séctibn.9;1,4.3.3; N -

-Q001.384-1 ) SR , Aug,;1976 .



S

jQueSt‘on_GO] 385 (9 1

 iD1scuss how. sod1um and f1ss1on products'are emoved fr;'°”
of the EVTM. Is there a poss1b11ity of a fi
.:the trave] of the EVTM in the RCB or RSB? "

'?T_Resgonse

V"-Rev1sed Section 9.1.4. 3. 2 prov1des the. requested lnformat1on

o . - Amend. 25
Q001.385-1 o Aug. 1976



S

Question 001.386 (9.1.4.3.3)

Reference'andAprovidéfrepd?tSfinywhich;thg»similéritiés;df the FFTF
and Ha]]am‘FuelvHandlingqmechanism;are:compared'to_thoseﬂto,be~'»,v

~ employed in CRBR'and‘e]abbrate-onIactual,test or operating experience

With these mechanisms in a similar sodiun and cover gas enviromment
and temperature. ' A _

Response:

No reports exist in which the similarities of the CRBR Ex-Vessel
Transfer Machine (EVIM) and other ex-vessel fuel handling machines =

are compared. Accordingly, the reference to the Hallam Fuel Handling o  "'
mechanism has been deleted from Section 9,1.4.3.3. As.discussed.in .=

PSAR Section 1.5.2.7, test results will be used to sh
of EVTM heat removal capability. After the-detail
EVIM is deveTOpedg’thefmé¢hani$ﬁsféh05énﬂ63f‘ ]
will be appropriate1yﬁqualifiédgto-ehSUré;thév-fffé 

in the required environment. .

Q001.386-1

“Amend. 15
Apr. 1976



‘fﬁfQuestuon 001 387 (9 1.4.4, ZL

',*In the event that 1nvesse1 transfer mach1ne mechan1sm ma]funct1ons and
- one has to go to a .manual operation, what is the maxiimum temperature
attained by the fuel cladding, for the hottest element, for the most -
severe situation, during the manual transfer operat1on7 Say, with a hot-
- fuel subassembly out of the reactor sodium but not in the invessel
transfer machine, w1th 11tt1e or-no coo11ng of the CCP.

vResEonse

Revised Section 9.1.4.4.2 provides the information requested.

. hmend. 25
Q001.387-1 |  Aug. 1976 -




(N Question 001.388 (9.1.1)

~ Locate on Figure 9.1-2 the contingency storage area for new fue1»énd_-~
 describe how new fuel would be handled (movement paths) to utilize this
storage area. : ‘ . ‘

| Response:
The contingency storage area identified in Figure 9.1-1 has been deleted

from the Refueling System design due to system design refinements. Figure
9.1-1 has been modified to reflect this design change. '

Q001.388-1 - ‘ - Amend. 22
v » June 1976




Quest1on 00] 389 (9.1. 2)

Discuss the extent of . fue] exam1nat1on contempTated in the FHC N111 prﬁ:'f
fuel subassemblies be taken apart in the FHC? If only the exter1or
surface of the duct is to be examined, how'will the sodium film be O
removeg? D1scuss the. purpose and expected frequency of the exam1nat1ons e
planne . _ .

Response

Sect1on 9 1.2.2. has been expanded to- discuss spent fue] exam1nat10n '*f}25*j'

S : v . Amend. :2
~~ Qoo.3s9-r - - o - Aug. 197



The. heav1est 1oad norma11y carrled over the V

Question 001 390 (9 1 2 1 3)

Provide the ana]ys1s show1ng that the EVST top
heaviest drop loads carried above it without changin
spacing of the fuel storage. tubes. List. the we1ght"~of-rﬁ
objects that may be carried’ over the EVST R

Response

The upper surface of the EVST c1osure head assemb]y con51sts of "a":6.5- 1nch
thick strikeriplate, supported at its per1phery (see Figure. .Q00715390<1)
The striker plate forms part of the RSB operating floor-and protects‘the P
underlying thick steel closure head by absorbing all norma] ‘and of f-nor a] co
structural Toads, including accidental: 1mpact loadsy "The d1stan be -

the lower surface of the striker p]ate and the upper surface of:it
closure head is about 10 1n _ _ R

valve (9 tons).” The 1ift he1ghts f the - f:
to 2 feet. NG heavier loads:which midht: be €

EVST can be identified. -~ The spent. fuel. ‘Shippirg
example, is being transferred only -between ‘the cask

‘shatt and a a‘ﬂroad

.car; both facilities are more than 20 feet distant from the per1phery

of the EVST. A1l heavy maintenance equipment is transported by the: large
component transporter (LCT) betweeh RSB-and RCB ‘(see Section 9.2:1.2.2). -
The heavy maintenance equipment -and ‘the LCT are hand]ed only by. the double
reeved main hook of ‘the RSB bridge crane,- and ‘theyr-are not scarried: over

the EVST. Seismic restraints prevent equipment loaded on: top of the LCT

;from topp11ng onto the RSB operat1ng f]oor or EVST dur1ng an earthquake

S hend.
Q001.3%0-1 - ¢ - Nov. 19



In spite of these: cons1derat1ons, a hypothetical heavy we1ght due to - -
maintenance operations has been postulated.:to drop.onto. the EVST. The ... . .-

- 25-ton load 1imit of the RSB bridge crane aux111ary hook -was. se]ectedsei-Tﬁ1_

as hypothetical We1ght for this "umbrella" event. A drop he1ght of- .. . o
2 feet above the EVST striker plate was assumed... This represents- theyﬁ;{,”g”
maximum hand11ng he1ght above the operatwng floor dur1ng ma1ntenance ' '
operations. .

.Stress ca1cu1at1ons were performed to determ1ne the max1mum deflect1on
of the striker plate, and the maximum stress due.to ‘the postulated 1mpact
. load The analysis was based on the fo]10w1ng ground ru]es ' _

, (1) The 1oad drops onto the center gf the EVST str1ker p]ate ?};:pdg,;?
: w1th a 1oad 1mpact area of 1 ft e Y L

- (2) The 1mpact load Was converted to an equiva nt" tatic: .
' - force, using a spring constant which takes ‘the presence o
of inspection‘holes and fiel transfer port ho]es in the
vstr1ker p]ate 1nto con51derat1on AR

'(3)f-Convent1ona1 flat plate formulas for. def]ect1on and
‘ “stress were used ‘ _

The' results of the ana]ys1s are as fol]ows - _
(1) “The weight of 25 tons dropp1ng 2 feet. is equ1va]ent to

‘a- static: force of 1.15 x 10 b act1ng on the- str1ker
plate center.

(2);»Due to ‘this force, the striker plate would exper1ence '
~a-maximum deflection -of 3.93 inch into. the.air; space . .
between striker. p1ate .and steel top shield. - This amount -
of deflection. is not -sufficient Ffor the str1ker p]ate
~ to touch the underlying closure head, therefore, the T
. 11mpact load wou]d not be transm1tted to the stee1 closure
- head. : _ : .

(3)1iThe maximum str1ker plate stress due to the 1mpact load
' - is about 13,000 psi, which: compares ‘toa minimum yleld
g _strength of 35, 000 ps1 for the striker p]ate mater1a1

’From the above conSIderat1ons, 1t was conc]uded that the acc1denta1 drop
of the heaviest object carried over the- EVST .could not 1ead to a change
in 1att1ce spac1ng of the fue] storage tubes.

o302 BN ‘(

'~Anend}d62 =
- Nov. 1981



Question. 001. 39] (9 ] 2 2)

v‘ResEonse _ » A
~ The: 1nformat1on requested can be found in rev1sed Sect1on 9. 1 2. 2 e

D1scuss how you propose to ma1nta1n equ1pment 1n the FHC and how th1s

cell would be ﬂecontam1nated of a]pha partic]es after hand11ng fa11ed :
fuel assemb]1es v

Q001.391-1

' Amend, 25
 Aug. 1976



- into sodium.

Question 001 392 (9 1.2. 2)

,.when new fuel, at amb1ent temperatures, 15 1nserted 1n the EVST the
fuel subassemb11es could be subJected to.a ‘thermal shock. Discuss how
.. thisis controlled and what stresses occur in. the fuel subassembly, o
‘and where the most severe loads are and do they approach the y1e1d po1nt
. of the mater1a17 . . _ . , .

tResponse

' The purpose of the gas filled (dry) preheat stat1ons in the EVST,. T
~ mentioned in-Sections 9.1.2,2 and 9.1.4.1, is to provide a s]ower heatupf,-,=' L
- rate for new fuel assemb11es than wou]d be- ach1eved by d1rect 1mmers1on":;

Z The preheat stations are th1mb1es f111ed w1th EVST argon cover: qas Thef*ﬂ
~ -gas ¥s-in: thermal equilibrium with- the :sodium surrounding the: th1mb1es.. -

- ‘New Fui} assemblies are inserted into the th1mb1es with a 1ower1ng speed

. of 2 min. s ! »

ff'Hgf : ransfer ca]culat1ons using the. computer code DEAP (D]fferent1a1
Eq . alyzer Program, descr1bed in Appendlx A of the PSAR) »

: i

mpegature step due to fu]] submerswon in the argon qas of
him 1e ,

1;the oute irow, 1ocated rear a corner of the hexagona1 fue1 assemb1y
- duct. - The ‘maximum rate of temperature increase will -occur in the outer

- fuel. rod and will be 12.5° F/min.. The maximum. temperature gradient’

g through the: fue] cladding is less than 109F/in. in radial d1rection

- This.gradient is two orders of magnitude Jess than a Tocal temperatuyre

gradient.of . 1200°F/1n required to induce thermal stresses: wh1ch wou]d
exceed the materia] design stress of 40,000 pS1 ‘

”;tIt 19 conc]uded that immersion of new fuel assemb11es in preheat stat]ons
does not 1mpose any severe thermal loads to the c]add1ng

: 1. - _ Amend sza
Q01.392-1 o et 5




Quest1on 001 393 (9 1.2. 2 1)

~ the, spread of alpha contamination ‘controlled when thé cell:plu S are o

‘ ;assemb11es in-and out’ of the FHC or- EVST the fuel trans

-rack ‘During the plug transfer process ‘and during the ent

,RSB/RCB

S1nce it is expected that the FHC w111 be contam1nated by alpha, how is

removed into the RSB which. is also” open to the RCB dur1ng'fue ndli
and to the atmosphere through the H&V system? “Tt-is rea11zed,tha at
floor valve and transfer machine is used but it does not: seenm. Jdikely
that. 100% contro] of alpha part1c1es 1s rea11stlc :

Response

Prior to fue] hand11nq operat1ons wh1ch 1nvolve transfer of*fue

will be removed. This is accomp]1shed us1ng floor va]ve .anc
EVTM. couples with its closure valve to a: floor - va]ve o
port-and removes. the: port plug.- Dur1ng transpow 0
facil1ty, the port plug is within the inerted conta1nment
pan in the EVTM closure va]ve rece1ves any sod1 )
bottom: of a port plug.

is dep051ted into an empty p051t10n of the rotatab]e plug%

storage, no. plug surfaces are ever 1n contact w1th the atmosp_ﬂ

However a: sma]l annu]ar area underneath the EVTM c]osure‘h‘

'of contam1nated sod1um The fol]ow1ng adm1n1strative1v'co'tro1“ed
precaut1onary procedures ‘are presently ant1c1pated whenever the
EVTM is: decoupled from-a. fac111ty with potential-:alpha-cor

-i.e., the reactor, EVST, or FHC. These ‘procedures: are ‘pr in
'pending further refinement of the Reactor Refueling System: equ1pment

and fac111ty design and their operat1on

- A.ﬂ Genera] Techn1ques for Contam1nat1on Conf1nement Dur1ng Fue] Hand11ng

T;' —The 1mmed1ate area of the EVTM movement path is

o ~jbarr1caded or roped off prior to any fuel or: p]ug transfer _
~ Only a mechanic and health physicist. (HP) are: present 1ns1de
.- the barriers, specifically near the floor: va]ves being:
- wserviced by .a transfer machine.” Both .wear appropr1ate
: Jﬂprotect1ve clothing and resp1ratory protectlon g

2;}-[Before the mechanic can proceed with any hands on operat1on
~ involving potentially contaminated surfaces, thé HP surveys
- ‘the direct radiation and radioactive contamination of these .
~'surfaces and records the data. If the radiation .contamination
Tevel is acceptab]e he notifies the mechanic- to proceed with -
‘the operatlon

;3.A At frequent intervals the’ EVTM cask volume within- the ‘
oo .pressure boundary is purged with fresh argon from- the f]oor

Amend. 62
Nov. 1981~
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service stations. The contammated gas 1s vented to the. Pl . (
same -stations, These stations are connected to the p]ant I ¥
argon supp1y and process1nq systems L

4, Interface purg1ng 1s performed by the EVTM before
‘opening the clpsure valve gate to- exc1ude air from-the - el
transfer passage. - The 1nterface is again purged after. c1osure,:
prior to separatijon from-the f]oor va1VE, to d1spose of any--
contam1nat1on gas. _

B. Spec1f1c Procedure After Mach1ne Qecoupllnq

1. The.EVTM is uncoupled fully raising the extender.

2. The mechan1c covers the f]oor valve w1th a plastme sheet
.. and secures it to the va\ve, ‘Thig sheet is not removed -
until the_next time the EVIM will mate again.tp the
. same. f]oor valve, He. then places a seconp plastic -sheet _

_on top of it. This will serve as a ‘disposal bag after the: -
].next operation is completed, -

-3.'ﬁThe mechan1c c1eans the- annular area of the p1osure va]ve, SRR
~e.g., by wiping it with alcohol dampening swabs. He then S ‘ /
puts the used swabs onto the second sheet on top of the <
clasure valye, and ¢loses it forming a disposal hag argund -
the swabs -and any. drippage:. Later the: bag Wil be transferved ,
to the Rad1oact1ve waste System un a drum or other. appropr1ate C
,conta1ner.‘ ;

\'4.vﬂF1na1]y the mechan1c covers the c1eaned Wower surface of the
" ¢losure valve with another p]ast1c sheet and secures 1t to
"the c]osure va]ve ' :

5. The EVTM is moved to its next locat1on, There the
plastic cover shegt is removed from the closure valve before
- coupling to the floor valve. The remaved cover sheet is
transferred to the Rad1oact1ve Waste System

The f0110w1ng three items w111 a11 contr1bute to m1n1m1z1ng the occurrence
and/or spread of alpha- eontam1nation dur1ng fue] hand11ng and storaqe

o

' Amend. 62
Nov. 1981
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1.  Close monitoring for failed fuel, as discussed in SeCtion,7,5;4;ve

2. Transferr1ng and storing.all components with potent1al anha—
~contamination in a sealed, inerted atmosphere as described
in Section 9.1. -

3. Following carefully planned and administratively controlled
procedures, such as outlined above, whenever a transfer
machine is decoupled and moved from a facility with potential
alpha-contamination.

RN
R

2
=

Q001.393-3

Amend. 14ﬁ.
Mar. 1976 .



Quest1on 001.394 (9.1.2.2.1)

What contro]s are proposed on the bu11d1ng H&V System dur1ng fuel
handling? Is full ventilation air continually exhausted to atmosphere
from both buildings? Discuss what precautionary measures are taken
during this time, if any.

Response:

. The response to this quest1on is 1ncorporated into rev1sed PSAR Sect onspbﬂ'
49] 9.6.2.2.1 and 9.6.3.2 and 1nto rev1sed F1gures 9 6 5 9. 6

tmend. 49
~ april 1979
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l.Quest1on 001 395 (9.1.2.2. 2)

what maximum temperature does the Dowtherm attaln dur1ng 1oad1ng of the '
spent fuel cask, what is. the vapor:pressure of Dowtherm. at this. temperature, B
 and-what is its flash point? Discuss the f1re potentia] 1n the. fue] .
- shipping cask loading operation '

' '4_Respgnse, o R . o ,
'-_Rev1sed Section 9 1. 2 2 2 prov1des the information requested e f'fFS'

Q001.395~] . ‘ N , -,_‘»" Aug 1976



Qgest1on 001 396 (9 1 4 .4.2)

Discuss how the maximum force requ1red to remove spent fue] is. re]ated

- to bowed subassemblies, and relate this to burnup and core position. T
What maximum force can a spent fuel subassembly withstand without fa11ure7;

. Can the pulling force be transferred to the pins, and what force can they -

withstand at end of ‘1ife postulating that a duct may have cracked dur1ng
the fuel: remova] operat1on _

Resgonse.

Revised Section 9;1.4.4{2 contains the discussion requested.

Amend 19

001.396-1
' May 1976



: '( ~ Question 001.397 (9' 2)

" The Sod1um and Decontamination System is located in the RCB and it is
proposed that alcohol may be used as a c]eaning agent How. much a]coho]
will exist at any given time in the RCB? - Where-. W11] 1t be stored, and
how will ‘it be used? . _

Response:

. This quest1on is no longer app11cab1e There is no p]anned use: of a]cohol;
for sodium removal in the Nuclear Island and the statement mentioning that
process has been deleted from Section 9.2.2.2. The Water Vapor—Nitrogen
(WVN) process has been selected as the reference sodium removal process.’

\"“. P4
- ‘!!
S

S ‘Amend. 14
1Q001.397-1 Mar. 1976 -



™
7y
‘_’.9

-The response also provides. inform

- Question 001. 398 (9.2):

‘D1scuss the potent1a1 for re]ease of trapped f1ss1on products present in the
“sodium into RCB associated with cleaning a large component in wh1ch hydrogen
-explosion might occur°

Response"

The uncontrolled or runaway react1on of sodium with water and resu]tant A
hydrogen generation in the Large Component Cleaning Vessel (LCCV) is

“defined as an "extremely unlikely event". The postulated accident wou]d

be a result of a failure, malfunction, or operator error but nevertheless
can be used to evaluate the design bas1s for the vessel. The response to~
question 001.201 describes how regulation of water vapor concentration:i
the water vapor nitrogen (WVN) mixture 1ntroduced 1n'the c1 ini

and regulation of nitrogen purge rate’ w1llpco'
tration in the Primary Sodium Removal- and
{on-on the
centration and actions should-a high Hp concentr

- Detafled information is provided in new PSAR Sééfiop 15,7.3;7,1;

- | Amend. 23
Q01.3%8-1 - June 1976



Question 001 399 (9.3. 4)

The table identifying leak detectors- shows an aerosol type detector for
the cold trap cells. There is no indication of a leak detector on the
cold traps themselves. - Justify-the absence of leak detectors on the
cold traps to indicate leakage as quickly as possible since the pr1mary-
‘cold traps are a potential large source of rad1oact1v1ty

Resgonse

A1l 11qu1d metal conta1n1ng systems (piping, vessels and equ1pment) will
- be provided with adequate leak detection to meet plant desian and appli-
cable regulatory requirements.  The preliminary design of the 1iquid
metal leak detection system,- 1nc1ud1ng the quantity, type and Jocation. :
of 1eak detectors was- provided under separate cover in September, 1976 _;f¢ 2
- Table 9.3-4 indicates planned location of leak- detector for ¢ :
auxiliary liquid metal systems.. Furthe re
planned to be located in. the: cells con ng primary .sy: 1
and components to detect Teaks of -any r 1ologica1 ‘signi nce.
Nothing contemplated would preclude the addition of leak detectors
on the cold traps themse]ves if it becomes necessary to do so at
a 1ater date _ _

. - : " Amend. .
01.399-1 L Mg$2ﬁ1



.Quest1on 001 400 (9 4 2)

- Discuss what precaut1ons are be1ng -taken in the 10cat1on of heating e]ements
and their control and rate of heating to assure that excessive thermal gradxents
and stresses do not occur dur1ng preheat with empty piping.

v Resgonse '
The requested information {s provided 1n revised Section 9.4.2.

. - Amend: :159' '.
Q001 .400-1 | May 1976




‘from the seals. The sum of the nuc11des 1s O 075 t1mes MPC as
in Table 12.2-2. i

Question 001.401 (9.5.1.1)

Prov1de your analysis to show that the head access area does not exceed
1/10 MPC considering back diffusion through the buffer gas, using the
highest specific activity 1n the cover gas and the lowest d11ut1on rate . -

_by the H&V system.

Resgonse

Pre11m1nary estimate of total cover gas leakage through a]] seals of" the

reactor vessel head and head mounted equ1pment is -0:012 sce/min. .In
the calculation of radionuclide efflux shown in Table 12.2-1, each isotope

- was conservatively assumed to be present in the leaked gas at the

same concentration as in the cover gas (Table 11.3- 2) Calculation of
head access area (HAA) radionuclide concentrations given in Table 12.2-2
was based on the efflux of Table 12.2-] and assumed that this was uniformly

mixed w1th and diluted by 12,000 cfm of once-throuqh ventilation air,
Crédit was taken for decay of radionuclides within the HAA after

This: ca]cu1at1on is quite conservat1ve in that 1t takes no cred1t for
- decay of radionuclides-prior to release in the HAA. Actually all of .
the paths from the cover gas space have buffer volumes with residence
~ times which are many half. lives for most of ‘the isotopes. This ‘allows
" radioactive decay to take place, thus. reducing radioisotope content -
below- the assumed concentrations before release of the leaked gas ‘to
the HAA.

- S - Amend 23
ooootdorT o dune 1976




E1aborate on the sod1um f1re contro] system in wh1ch 1t is- s‘
2,500 scfm can be provided to any ‘one of eleven. cells in: the 1ntermed1ate-y
"“bay Are these cells des1gned to w1thstand ‘the 1ncrease in .gas pressure. =~ .
'~resu1t1ng from gas 1nf1ow, products of" combust1on and the heat added - to R

‘the m1xture° _ . . :

' -R§SQonse
' The n1trogen f]ood1ng capab111ty has been e11m1nated from the f1re-.'
protection system. PSAR Section.9.13.2 provides a complete descripti
- of the Sodium Fire Protection Systems and-Section.15:

| )sod1um f1re in the IHTS cells.

Quest1on 001 402 (9 5 2. 1)

P St
an-‘gvaluation of the plant capab111ty to w1thstand the_effects of a

©Q001.402-1 " mend, 62
o tev e




eruest1on 001.403 (9 5. 2 5. ])

:uIt is not clear from the discussion of 1tem (c) what: the response of
the: CAPS system is under a ‘high purge rate. Discuss the re]at1onsh1p
between these two systems '

Resgonse

Paragraph 9.5.2.5. 1 refers to 1nstrumentat10n requ1rements for the B
nitrogen distribution subsystem Item ¢ delineates the need for controri,
of pressure and/or flow to various components, including the. RAPS and’
CAPS cold boxes. Section 9.5.2.2. has been expanded to provide the e
requested - 1nformat1on v R

01.403- R ~ Amend. 25
Q001.403-1 | ~ Aug. 1976



Question 001.404 (9.4)

Discuss what measures have been taken in the- ch1]1ed water system to prevent

water contact with sodium equipment through leaks in p1p1ng or transport of

moisture or water through duct1ng?

'Resgonse.

The information requested has beehAprovided in-revised Section 9.7.3.

Q001.404-1 Amend. 15
| Apr. 1976



'Quest1on 001.405 (9.6)

, Just1fy the open conta1nment concept for both: the RSB and the RCB as be1ng
»_cons1stent with the low as practicable objective and providing: defense

in depth for the design basis accident yet to be defined for CRBR. It
would seem that the H & V system provided has the prime objective of: pro-
viding a dilution mechanism for the escaped radioactivity frem the reactor.
and defeats the concept of confining radioactivity for treatment, decay,
and later disposal. Secondly, the open containment concept becomes an:
active system rather than a passive system depending upon the closure -
of dampers and valves to become effective rather than the reverse s1tuation
in 'which no active action has to occur to provide conta1nment Justify -
your se]ect1on of this conta1nment concept B

'Resnansez

The CRBRP conta1nment is des1gned and ‘the: p1ant operJt1ng ph110$fph”
_deve]oped on ‘the basis of an open contalnment T “of 'th
ment: and the conta1nment vent11at1on system 1s

c1ated doses orders of magn1tude 1ower than the 1eve1s of TOOFRZO Section:
11.3 lists ‘the total annual gaseous. eff]uent release for CRBRP: as 71 >C1/ _

‘compared to the minimum: tota] gaseous eff]uent re]ease of LWR S stud1
1258 of 3600 c1/yr ‘

PSAR Sect1on 11.3 11sts the 1ntegrated dose to. the pogu]atj nw i
miles of the CRBRP site in the year. 2010 as. 1.7x 10-

added cost of a closed containment over the reference desigi {
"ment cannot be justified .from a. cost benefit analysis beca ,e;of ‘the low
‘operational releases from CRBRP. An_ integral part of the CRBRP des1gn;

to allow personnel access during normal plant operation, in order to: ensure.
equipment operability and to perform routine operat1ons of equipment 1ocated
within the containment. This equipment is located in containment so that it" o
is closer to the primary system equipment it serves. .(Examples are sod1um_;- o

sampling, inservice inspection, access to I&C cubicles, and Large Sodium :

- Component - Cleaning Vessel use.). The airborne activity would be too h1gh o
to-allow continuous occupancy dur1ng operat1on if the conta1nment were, not R
purged (open conta1nment) . L -

RCB

In order to prov1de a very 1ow leakage barrier at the pr1mary conta1nment S

boundary, a seismic Category I, tornado hardened concrete confinement struc- - St
ture is provided around the outside of the inner steel containment vessel w1th;f‘z
~.an annular space separatIng the two structures. .

_qool.405-1 . MNov. 138l



The annular space between the inner and outer containments will be mamtamed ‘
at a negative pressure relative to atmospheric pressure during normal operation
‘and accident condition and is exhausted through high efficiency filters. The
filtered. exhaust po1nt is chosen: to obtain maximum. d1spersa1 of the radio-
active material prior-to: reach1ng the Contr01 Room intake. . “In addition,. the
recirculation- system for the Control Room. atmosphere 1s 1ncreased 1n capac1ty :
to 8500 .cfm. . : - , _ L

SEEI

The conta1nment atmosphere vent11at1on system is reduced in capac1ty from o
50,000 cfm to about 14,000 cfm in.order. to minimize the. ‘potential release-

of activity from conta1nment dur1ng valve closure time.  The containment
supply and exhause penetrations will be reduced from- 48” to 24". ‘Contain-
ment isolation of the HVAC system exhausts will be designed to meet item 4.
of the CRBR Design Criteria 47. The containment vent11at1on/purge system

is provided with a time delay duct to prevent the release.of radioactive
materials during accident conditions. The time delay duct is sized for

such velocity, that the containment isolation valves will close. before:..

the contaminated air reaches.the valve zone. Rad1at1on mon‘tors whichp
- vide signals for initiating closure of the. conta1nment 1so]at1on va]ves
are provided at the 1n1et of the time de]ay duct and in the HAA L

- HDur1ng normal plant operat1on and a11 accident conditions, the conta1nment/
confinement annulus space is maintained at a minimum 1/4" water gauge
negative pressure with respect to the outside atmosphere. During normal
p]ant operation, the RCB Operating Floor is maintained. under slight: negat1ve o
pressure (<1/8" water gauge). Capability is provided to filter the contain- ‘
ment/conf1nement annulus exhaust. through. the annu]us filter. units dur1ng '

normal plant operation and all accident conditions. = The filter system. :
will consist of two 100% redundant filter-fan units. cons1st1ng of pref11ter,..
demister, heating coil, HEPA filter bank, absorbent filter bank, after

HEPA filter bank and fan components (approx1mate1y 14, 000 CFM capac1ty)

A tornado missile protected Se1sm1c Category 1 enclosure is prov1ded for
the RCB annulus filter-fan units, the RCB normal exhaust fans and the
annulus pressure maintenance fans. Shielded wall ‘partitions are provided-
in the HVAC equipment room between the: redundant ‘annulus. f11ter fan- un1ts,
RCB exhaust fans, and the annulus pressure maintenance fans.  Tornado
missile protected Se1sm1c Category I air intake and d1scharge openings
-are prov1ded :

RSB

_The des1gn for the RSB is’ descr1bed in PSAR Section 3. 4 and ana]yzed in
Section 15.6. The resulting doses are s1gn1f1cant1y below appropriate

TOCFR100 gu1de]1nes values and meet or exceed all of the Design Criteria -

specified in PSAR Section 3.1. However, modifications to the RSB HVAC

system were made to 1imit air infiltration and to proyide recirculation o

yand filtration capab111t1es dur1ng all operat1ng cond1t1ons as d1SCUSS€d

in. Sect1on 9 6-3. : I '

Q001.405-2 : ’ Amend. 62 -
- ' Nov. 1981



guestwn 001 406 (5. 3.1.1, 5.4.1. 1, 5.5.1.1)

For the des1gn bases stated for the PHTS and the IHTS, the performance
objectives include operation of these systems to remove:decay heat by
natural circulation, as identified in item (c) of these sections. . More-
‘over, in Section 5. 5 1.1, the performance obJect1ves of the steam '
generator system 1nc1udes removal of plant sensible heat as well as
reactor decay heat under natural circulation conditions, as indicated

in item (d). Specify whether the CRBR plant design will be committed
to make these performance objectives into design requirements for the
CRBR plant. Identify the applicable experimental data and/or -R&D
program on which the analytical methods would be based to establish

the natural circulation capability for the removal of sensible and
“decay heat from the reactor

; Resgonse-

The CRBRP prOJect is comm1tted to natural c1rcu1at1on decay |
removal as a design requirement from rated thermal power: {9 iy
three loops. The plan to establish the capability for r sens1b1e‘ >
“and decay héat via natural circulation is defined in a reoort titled
"Verification of Natural Circulation In Clinch River Breeder Reactor -

A Plan", which has been supplied under separate cover. '

o " Amend. 23
Q001.406-1 o June 1976




~ rupture discs, which can.lead to high reactive

',sod1um 1eak (DBL)

" following the DBL show;that‘the greatest’ Toads: res

_'Assumpt1ons made for the TRANSWRAP ana]yses for: the CRBRP 1nc1ude a h

Question 001.407 (5.5.2. 6

Inasmuch as sodium s]ugs can. be injected 1ntox'”'t‘:”ﬂ’”gb‘ e Mbﬁﬁthé;;ﬂ_idfff

sodium-hammer 1mpacts on the system, prov1de the cr ter1on BasiS;}'
for .the design of the piping sizes and system to the separation‘tank to -~
preclude SWRPRS failure and the subsequent: formation: of ‘a potentially. =~

~explosive bubble of .hydrogen in the. steam” generator cell atmosphere: fn-tf-?*””*z

the event of fa11ure under: these circumstances discuss the poss1b111ty

~ of the consequences ‘exceeding those estimated for the intermediate -heat- R,
~ transport system pipe-leak.discussed in Section 15.6.1.5, because of the -

explosive capability of ‘the- hydrogen potent1a11y 1ead1ng to the propaga--:i?ﬂ* SR

~tion of structura] damage

Resgonse

within the system by anaTys1s”of
SHRPRS by:the.TRANSWR ’ {

as the slug of sodium. is forced through the pipe from the Steam Generator
Module to the React1on Products Sepa v “Tar ,

The h1gh ve]oc1ty of the: sod1um s
deflected around the bends: at thewp_p

represent the basis for the piping and: R
are combined with those of the: SSE i
conservat1sm cons1stent W1th the

degree of - conservatism in establishing: the velocities. and’ the'gas pressure“f"'°
at the leak location in the faulted: steam generator module. The most. h
significant assumptions which maximize the volume of hydrogen gas assumed

to be generated by ‘the TRANSWRAP analyses during the interval that the

sodium slug is being accelerated from the steam generator into the RPST
are-assumptions a and.-d of Sect10n 5.5.3.6.2 as fo]]ows :

'a._ Instantaneous conversion of‘a]] water 1nJected'to.hydrogen gas as
represented by the~reaction: H 0 +-2Na » Na20 + HZO»

d} There is no heat loss from the reaction products to the surround1ng

-structures

' ~ Amend. 23
Q001.407-1 June 1976



Assumpt1on a introduces a significant margln 1nto the ca]cuTatlon by -
assuming full release of the hydrogen from the .reaction between - water/steam
“and the sodium. Test data indicate that the hydrogen reledse is approx1— -
mately 55% of the total hydrogen in the reaction.  The ana]ys1s also =~
assumes that the water/steam reacts as soon._as it has’ ‘passed beyond the

‘failed tube at the Tocation postu]ated for the leak : Forthe ‘DBL, "a-
hydrogen gas bubble-will be formed at. the ]ocat1on of the leak wh1ch
pushes the mass of sodium away from the leak location. - The: assumpt1on
of instantaneous conversion of ‘water to. hydrogen is conservat1ve because :
of the transient time.for the. water/steam to penetrate through- the
hydrogen bubble and-reach the sodium. The conservat1sm which m1ght be -
attr1buted to this has not been est1mated

Assumpt1on d results 1n hydrogen gas bubble temperature of about 2500F.
The steam generator structure and IHTS ‘piping and essent1a]1y all of the -
- sodium mass in :the steam generator modu]e will be .in. the t ture .
- range from about 650F to 950F. . The.mass of’ th" struc
- sodium is several orders. of magn1tude‘grea
‘generated during. the DBL :steam: geney
relatively quickly coo]ed .to-near tt mp:

and sodium with which it is. in contact.. The _educed,, pera
reduce the effective pressure-volume of the. h;drogen'1n th
-hydrogen bubble s1gn1f1cant1y from. that assumed in, the TRA‘

Prana]ys1s S

Reference 12 of Sect1on 5. 5 prov1des deta11ed 1nformat1on regar 1ng~the o
LLTR test program which “includés as test ‘objectives, the de '
‘of the adequacy of the TRANSWRAP ana]ys1s procedures and the effect1veness.
of the sodium-water. react1on pressure re]1ef system as. adapted to that
test system. : . R .

Because of the conservat1sm d1scussed above the re]ease of hydrogen
- resu1t1ng from a fa11ure of the SWRPRS is ‘not a des1gn bas1s for CRBRP

© Amend. 23 'Q?‘
- June 1976 N
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N Question 001 408 (E.2. 2) o , |
. Provide the technical bas1s that structura] mtegrlty of ‘the reactor

) ~ vessel is maintained in the event of a double-ended pipe rupture 1n '
the PHTS creating near bo111ng cond1t1ons in the core :

ResEonse:

Revised PSAR Section E.3.1.2.2 discusses the structural integrity of
the reactor vessel in the event of a double-ended pipe rupture.

: Amend.:17 _
Apr. 1976 .
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”»f-Prov1de the bas1s for not cons de
. of sodium pipe ruptures’(includ g S ure)
. THTS and SGS cells. In add1t1on conf1rm whether or not these
.- cells will be vented : L

EE ResEOnSe’

A spectrum of sod1um pipe. ruptu'.

'if - the sodium spills are current]y be1ng eter
".~p1ant coqu accommodate maJor sp1lls'byntr1

5:; the capab111ty of the ce11 wa1ls

Quest.iahlfém:.?ra-o‘g (£2.00

rupture) in the Steam Generator ui
the building design bases.

Amend 34



. to 3183 cubic feet. The" larger guard vessel pipe size also requ
. lowerlng of the guard vessel skirt: to. vessel attachment poi
-‘th1s change will not affect the guard vessel annu]us vo]ume

f :'For the Parallel Des1gn w1th the p1pe s]eeve around »he'b
" pipina, thevolume of the sieeve annu]us s ‘much smaller tha

-~ pipe within the -quard. vesse],[ana]ys1s shows that even with
" the guard vessel en]arqed to accommodate the p1pe s]eeve

: Q_gstion 001.411 (E.3.1.3. 1)

”Conf1rm whether or not the d1mens1ons of the reactor guard vessel

change from the reference design in order to:accommodate the. Pipe
sleeve. In addition, provide the technical justification ‘to support

. the - conc]us1on that the sodium level will not be such as to uncover

the reactor outlet nozz]e durlng a double ended p1pe rupture trans1ent

»Resgonse

"The reactor guard vesse1 1n1et p1pe nom1na1 I.D. has to be 1ncreased

from 38 -inches in the reference des1gn to 54 inches in order_to accommo-

-~ date the pipe sleeve. This increase in guard vessel pipe'size results

in an increase in the guard vessel annulus volume from 2855 .cubic

feet

Design guard vessel annulus volume. Thus, for. ruptures wit
the vessel sodium level will be maintained (with a comforta
above the minimum safe level. For breaks in other 1ocat1ons of t

}s]eeve in place, the minimum safe sodium level in the vessé e:
ma1nta1ned The interaction of p]ant features to ensure ‘maintenance:-

- the minimum safe sodium level (for the reference des1gn) s discuss din

PSAR Sect1on 5.3.2.1.1.

Q001.411-1 o Amend. 19 -
. May 1976 -



| Quest1on 001.412 (E3.1. 11

Zchanne] in sect1on 15.2 is unc]ear Prov1de the def1n1t1on of the
vrad1a1 b]anket hot ‘channel. . - - _ C

hh’}g(or maximum) rod is the one in the assembly with. the maximum c]add1ng‘;
'Vj:m1dwa11 temperature due to the f]ow d1str1but1on 1n a w1re~w p e

'_*channe1/hot spot factors which include engineering. and- nuc]ear ‘U erta1,

studies such as those in Appendix E. and Section 15 2, max1mum temper“,ures

t “are. calculated at the worst time in 1ife for the hot rod on a 3¢ basis
~using. hot channe]/hot spot factors which are given by Table 4.4-5and .

On Page E. 3 1, the. reference to the def1n1t1on of the rad1a] b]anket hot

f"_ResQonse

In Sect1on 15. 2, as in Append1x 'E, the rad1a1 b]anket temperatures R
~ described are for ‘the hottest rod-in the highest power radial blanket . -

assembly. This highest power radial blanket assembly is identified as -

- assembly A] on Figure 4.4-18 which has a peak linear heating rate of .

17.6 kw/ft on a 30 basis. As defined in Section 4.4.3.2, "The hot:

quoted depend1nc on ‘the se]ected degree of confidence '

are combined semi- stat1st1ca1]y (see Section 4.4.3.2). - For transient

described in Section 4.4.3.2. The reference in Sect1on E3 1.1 has,_eehf’*e7557

o rev1sed for c]ar1f1cat1on

' Q001.412-1 ' ~ Amend. 20
o May 1976



Questien'OOI 413 (E3.1.3)

"D1scuss the sens1t1v1ty of the calculated coo]ant temperatures and
saturation temperatures to the scram s1gna1 delay time for different
‘{“\ trip functions." ‘ . _ o

Response:

The requested fnformation is provided in Section E3.1.3.1 of the' PSAR.

SR May 1976




-Unless the uncertainty in the current: DEMO: ana]ys1s cannot be: ed. .

‘ Resgonse |
-The NRC staff has stated in the July 9, 197

o ProJect prov1d1ng an adequate

. uncerta1nty (noted in Tab]e E3-1

Quest1on 001. 414

to depend on the ab1]1tx to ca1cu1ate d1fferences in, tem
low as approx1mate1y 50" between the coo]ant and- saturat1on.te

to be s1gn1f1cant]y less than the present]y ca1cu1ated temperature def-
erences, the margin provided by ‘the pipe-sleeve concept.for the accommo-

.dation of pipe rupture cannot be adequately- quant1f1ed Additional infor-
,“mat1on and/or R&D efforts are necessary to resolve such. uncerta1nt1es and

to conf1rm that such margins can realistically be expected. Include in

" your response a discussion of the status and content of the opt1ona1 pipe- '3v _
~ sleeve flow test program 1nd1cated on Figure E. £1. S a$7

surveillance program, material performance Ve
ver1f1cat1on program for the 1eak detect1on

very near’ future The Proaect expectsv
between the Promect and ‘the NRC staff o
of the NRC position. Therefore, the: Pr
Parallel. Design: Pipe Rupture Accommodat
flow test program and will focus on the Refer C

Not w1thstand1ng the above, to respond .to:: the
concern1ng DEMO, the pipe s]eeve analysi
was performed using a conservat1ve]y b

(Section 15.3). Ca1cu1at1ona1 uncerta1nty in the 'DEMO'-Code 1s'Judge to.
fall ye]] within the bounds of the above conservative- b1as1ng, and a’ marg1n
of 50 F is considered sufficient to show adequate core cooling. o

| |  Amend, 25
Q001.414-1 - hug. 1976



) Quest1on 001 415 (E3 1. 3)

D1scuss the poss1b1]1ty that other cr1ter1a bes1des coolant b0111ng may a]so
have to be established-to insure a-coolable geometry taking into consider::
ation, possible clad deter1orat1on and the poss1b111ty of c]ad rupture due

to f1ss1on gas pressure at. EOEC : . -

_ Response.

The core -damage criterion~for-pr1mary pipe rupture .is that']oss,of coolable
geometry shall not occur as'a result of the .event. As discussed- in Sect1on~
E2.2, this criterion is interpreted as a requirement to maintain the hot -
channe] coolant below saturation conditions. This will assure ‘that no-

: c]add1ng melting and relocation occurs. For c]add1ng melting to occur
during loss of cooling events, the cladding must be dry. Therefore any -
effect which may be hypothesized to cause: c1add1ng melting.must. - "o oo
evaporate the adhering Tiquid film from: the. c]add1ng and then- ma1nta'n o
channel -conditioning greater than saturation. A mechanism that.could S
postulated to-increase the sodium residence t1me in: the core-due to’pa t1a1f
voiding of the channel is cladding rupture (due to c]addlng deter1orat1on
and fission gas pressure) and subsequent f1ss1on gas re]ease This is
d1scussed below.

Figure 4,2-21 of the PSAR shows the trans1ent Jimit curve for the top . . -

of the fuel stack for the hot fuel pin in’CRBRP assembly 6 due.to the- 1oss of
flow event illustrated in Figure 4.2-20. This shows that at the ‘end of 11fe,_»'
80 Mwd/kg, corresponding to 411 full power . days, ‘the coolant temperat”;eﬁmust
exceed about 1600°F for cladding fa1]ure to occur. This considers cl dd1ng
deterioration and the fission gas.pressure increase due to. increasing..sod:
temperature. The curve intersected 1600°F at 411 full power days wh
presents the des1gn basis Tifetime for worst case: cond1t1ons -and :wor
‘material propert1es ‘However, the loss of f]ow transient represented in’
this analysis is re]at1ve]y slow. - To better assess the consequences of a
rapid transient in which the cladding is expanding-away from the fuel, the:
transient Timit curve for a fast reactivity insertion w1th zero contact
pressure was estimated from Figure 4.2-22. - This permits comparison of the
effects of creep rupture damage with plastic damage (ultimate residual
strength of the cladding). The failure temperature corresponding to

411 full power days was also about 1600°F. This indicates that the LOF
transient in Figure 4.2-20 is still sufficiently rapid that creep rupture
effects are not s1gn1f1cant _ v

The core ex1t coo]ant temperatures for a doub]e ended pipe rupture
“with a sleeve, Figure E.3-3, are about 1710°F. However, these hot pin
temperatures correspond to BOL pin power ratings for which Figure 4.2-22
-shows that failure is not expected to occur. (It should be noted that the:
assumptions for BOL and EOL conditions are more conservative than BOEC
conditions.) When adjusted for EOL fissile depletion (80 Mwd/kg) the
- corresponding coolant temperatures are conservatively estimated to be about
- 15809F and cladding failure is not expected.. However, it is noted that even
_if 1600°F would be exceeded, this would indicate that one fue] pin may fail,
not that a gross ‘number of pins would fail.

- ~ Amend. 22
0001r415-1 June 1976



The failure temperature in the blanket is expected to. be about the same as
that in the core, namely. 1600°F. " However, the most probab]e failure: 1ocat1on
would be be between core mid-plane and three quarters up the total pellet
stack height. Figure E.3-4 indicates that for double-ended: rupture with-a.
sleeve the: coolant temperatures-do not exceed this value.. Furthermore, if
cladding failure should occur,.the failure is probab]y a cons1derab1e dis-
tance from the gas plenum and the resultant friction in the gap would:
preclude rapid fission gas egress (see similar d1scuss1on for fue] p1n in

L Sectlon 15 4.1.1. 2)

It is conc]uded that, for loss of coolable geometry to ‘occur for a p1pe
“rupture transient coolant bo111ng must be initiated. Loss .of cladding
integrity resulting in fission gas release at EOL is not a mechanism which
could cause coo]ant bo1]1nq dur1ng p1pe rupture events: w1th a s]eeve des1gn

Q001.415-2 — Amend. 22
o ' June 1976

o



Question 001.416 (E3.1.3)

Hrov1de representative trans1ent results of the 1mportant parameters such

as the variation as a function of time of coolant temperature, flow rates,
lTocal pressure, and possibly other significant variables as a function of

time to illustrate the physical behavior of the system. For these’ transients _
select a pipe break location that Teads to exceeding the saturation temper- -
ature, one that results in incipient saturation, and a location that results
_in temperatures well below saturat1on Provide results with and without

the p1pe sleeve.

Response:

| Additional figures are prov1ded in Section \E-3-1-3-4 for the requested o
231 transient results. | o

Q001.416-1 . miend. 23
’ . - June 1976




Question 001.417 (E3.1.3.1)

Identify the nature of the pump coastdown mod1f1cat1on referred to 1n

this section and provide the primary pump characteristics used in the. :
- analysis including the pump inertia, rated hydraulic and fr1ct1ona1 torque
_pump head and torque versus flow at all pump speeds '

Resgonse

The modified pump coastdown referred to in’ Sect1on E3 1. 3 1 is the m1n1mum -
flow coastdown transient calculated by the DEMO Code for a minimum full- speedJ
stored kinetic energy of 5.39 x 106 ft-1bs (as specified in Table E.3-1)..

The pump characteristics equations and coefficients for pump head, torque,

~ frictional torque loss and RNPSH, as used in. the DEMO Rev 4 ana]ys1s,
“are g1ven in Tab]e E.3-T1A. ‘ U

Qo01.417-1 Amend 16
Apr11 1976



Question 001.418 (E3.1.3.1)

aProv1de the technical Jast1f1catlon and support1ng documentat1on for the

use of the ref1ned flux-to- (pressur‘e)2 trip funct1on given.in Tab1e
E.3-1.

Response'

The Flux - /Pressure subsystem initiates trips for reduct1ons in pr1mary
flow (or pos1t1ve reactivity excursions) over the load range. Core inlet.
plenum pressure is a rapidly respond1ng indication of core coolant flow
which would drop rapidly fo]]ow1ng a -pipe rupture, initiating a trip.:

The subsystem performance is dependent upon initial operating level and
is modeled with a dynamic trip equation ds shown in Table E.3-1. The

:mode1 chosen includes worst case errors for the sensors, signal con- :
 ditioning electronics, comparators and logic. For additional: conservat1sm: .

errors are then accumulated in the direction tQ delay: a. tr1p sig
needed by summing ‘the conservative errors: in the w

Using the sum of conservative ‘errors rather
the ‘mean adds add1t1ona1 conservat1s to
model-of the Flux - /Pressure
répresents ‘the Plant Protection System p v :
events analyzed in this Appendix. A d1scuss_on of the met :
derive PPS trip equat1ons will be prov1ded in ‘the . response to Quesw1on‘222 65

L R * Amend. 22-',
Q001.418-1 . June 1976-



Quest1on 00] 419 (E3 1.3.2 and E3.1. 3 4)

N]th regard to. the resu]ts presented in F1gures E:3:1 to E 3-4 1nc1us1ve

a)

It 1s noted that if the uncerta1nty in the ca]cu]ated coolant .-
temperatures were -in’ the order of + 10%,"the break location-

" at’'which the coolant temperatures exceed  the saturation’
“temperature appears to be affected substant1a11y - For example,

for the core hot channel ‘the break location may shift approximately.

60 ft. from around the top of the downcomer to the vicinity of the -

- check valve exit. In view of this sensitivity provide estimates of -

b) the ‘ s
- inlet in order to calibrate the curves measured‘from-the reactor
vessel inlet with those- measured from the pump: : R

c)

’ efforts to va]1date the DEMO Code exper1menta11y '

- the uncertainties in the calculation of the coolant’temperatures.

These “uncertainties should be those assoc1ated with- parameter

" uncertainties within the DEMO Code, such as-variations in gap
" conductance of ‘about 30% as well as ‘the uncertainty in.:the:DEMO. Code

representation of the CRBR plant.  Identify the ex1st1ng or future

Prov1de the d1stance of the IHX 1n1et fro “the

Ident1fy whether the" d1fferences between the coo1ant temperatures
and the saturation temperatures are the minimum values t,rough-‘

out ‘the transient so that boiling does not occur before the
_ -temperatures shown in the f1gures are: atta1ned :

Response--

a)

gcond1t1ons and, 2) those associated w1th react
fthermal hydrau11cs '

The 1oss of pipe 1ntegr1ty ana1y51s was" conducted w1th a set‘of

parameters biased ‘to include uncertain . The i i
principal. bea g:-on:. e d
into two groups;,-:1) the

‘The uncerta1nt1es in plant operat1ng cond1tlons ‘are. accommodated
in the analysis by commencing the transient analysis from the

Thermal Hydraulic Design conditions (T&H):plus. 20° primary : cold

‘leg temperature. The conservativism of the analysis, commencing

- from this extreme operating point is discussed. in NRC Response
001:.318 (15.3). In that response the difference between T&H.

‘and expected peak temperatures, for a loss of off-site: power,_

wasshown to be 70°. . This. difference would be ‘even 1arger for

a plpe rupture since it 1s a more severe trans1ent

f’Reactor power ‘and therma1 hydrau11cs uncerta1nt1es are fu]]y

_considered in the design and analysis through the effects of the o
“hot channel factors which are:-discussed in Reference Q001.419-1. ‘The resu]t'
of the stacked uncertainties in the. hot channe] factors is shown in.

Amend.,25
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Figure Q001.419-1. (Note that the ana]ys1s assumes single phase
sodium flow up to 19500F which is not realistic, but serves to . e
_demonstrate the margin resultant from stacking uncerta1nt1es) Th1s .
analys1s was done from the plant TDM condition for the hottest channel. e
in the-active core at steady state.. The hot channel, which is used. for

vplne rupture analysis contains the hot :channel factors of - reference
Q001.419-1,whereas the expected hot channel does net. As shown the

hot channel factors provide 265°F of marg1n for the reactor: uncerta1nt1es

' Va11dat1on of the DEMO Code for pr1mary pipe rupture ana]yses has
been performed by: . .

(a) .Compar1son of ‘DEMO pr1mar 1oop hydraulics aga1nst the
IANUS Code (West1nghouse ropr1etary) primary loep hydrau11cs and

(b) Compar1son of DEMO reactor _thermal- hydrau]1c reSponse with
~ that of -the FORE-IIM Code. _

Since IANUS and FORE IIM have been va]1dated to the extent noted }'74ﬁf
~ below conf1dence in DEMO va11d1ty ‘has - been gained.. , o

1. DEMO - IANUS Hydrau11cs Compar1son

~ Figqure QO001. 419-2 presents a. compar1son of the. reactor 1n1et

flow transient following: a primary. inlet pipe rupture; as '
calculated by DEMO- and by IANUS.- Since IANUS is conf1gured .

for FFTF, this comparison was performed for FFTF par eier&;.‘T_“
by adapt1ng the DEMO hydrau11cs to represent FFTF. The P
:slightly faster flow decay in the first half-second in. IANUS is . :
due to nealect in IANUS of the fluid inertia in the pipe’ fr0m R é
inside the vessel inlet plenum to the break. - The close

comparison. provides -a validation. of DEMO hvdrau11
and, -since IANUS has been verified against’ the SE

S (Reference Q001,419-2), further va11d1ty 1s proA
- DEMO hydraulic mode111ng _

2. DEMO - FORE IIW- Reactor Compar1son

' F1gure QOO] 419 3 presents a compar1son of the reactor exit
temperature response of the DEMO Code and the FORE IIM Code

~for a postulated inlet pipe rupture in the primary system.
This comparison supports the validity of the DEMO core average,.
thermal- hydrau11cs and. neutronics modelling. . Figuré Q001.419-4
is a comparison: between DEMO and .FORE IIM rad1a1 blanket calcu-
lated temperatures. - This supports the validity of the radial ‘-
blanket hot channel model. The FORE IIM core model has also °
been verified aga1nst the IANUS mode] by the. FFTE Proaect

(It is recognlzed that the DEMO resu]ts may not be rea11st1c above
the saturation temperature However, the results shown in. F1gure
Q001.419-4 are effective in demonstrat1n the validity of DEMO in
the region below saturat1on temperatureg o _ '

Q001.419-2 Amend. 25
' : Aug. 1976
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Ny

b)

c)

’The ana]ys1s results presented in Figures

~ a consequence of the -flow path compl

ftran51ent cases run; i.e., the -té

- temperature occurring at the time: of the peakf1n exit. te

‘The DEMO Code has also been the subject of a. carefu1 ‘independent

review by the Argonne National Laboratory. The results presented
in Reference Q001.419-3 support the va11d1ty of the. fue]ed assemb]y
hot channel therma] mode1 . ;

In summary, the DEMO - ca]cu]atlons have been and w11] cont]nue to -

be ‘examined. for' their appropriatenessafd. accuracy DEMO results
have been compared to -other calculations and 1nd1rect1y ‘to ‘test:

- data. This has given confidence in the - codes bas1c calcu]at1ona1
jscheme and its ability to represent system’ and component real or

required performance. On a continuing basis,.as the.design and .

construction progresses and component and system test data .
becomes available, applicable: portions of- the code w11] be compared
.;to this information. ) ; , , ‘

E.3-1 and E.3-2 were

plotted on separate scales to e1ther‘s1de

complexity prevents:a physically mea
d1stances through the un1t (the sal

is_very near]y 173 feet The e]evat1onjd
nozz]e to inlet nozz]e center]1ne on the

center11ne Use of these d1mens1ons to
of pump-to-IHX break locations from“the react
be -limited to reference purposes on]y to avodd m; s1nterpre at1

- of path Tengths within the IHX.

worst case temperatures at any p

maximum sodium exit temperature:aeong

Examples of representative temperature traces have’ been g1ven 1n the A”‘k,;,ff?
reSPonse to Question ‘001.416. S . C e

: R Amend. 25 .
Q001.419-3 - : Aug. ]976



1Q001.419-1.
Q001.419-2.

- Q001.419-3.

~ REFERENCES

M. D. Care111 and D R. Spencer, "CRBRP Assembl1es Hot-

Channel Factors. Preliminary Analysis, "Westinghouse. Advancéd'
w{Reactors D1v1s1on, Madison, Pa s WARD -D-0050,. 0ctober 1974

'WARD-2171- 39,.“Verf1cat1on of Predicted FFTF Natura]

Circulation Capability Using SEFOR Steady" State Tests,"

C. R. Adkins, et al, October, 1973.

ANL-CT-75-23, “"A Study on the‘NodaJAApprOXimathn of the'
CRBR Core Simulation," D. Saphier,:L. W. Kirsch; - o
T. P. Mulcahey, January 1975. (Availability: USERDA -
Technical Informat1on Center) o

| . Amend. 25
Q001.419-4 Aug 1976




‘_S-GLV‘lOOO
TEMPERATURE — OF

*bny
GZ ‘pusuy

9/6l

1000 |
1800

1700 |

. 1600

1500

1400,

1200

1100 H

1050

130.0.. AVERAGE CHANNEL (AVERAGE OF A._GTI,VE‘(‘ZORE)

. HOT CHANNEL (TEMPERATURE USED |-

FOR ANALYSIS AND DESIGN)

PEAK CHANNEL (EXPECTED TEMPERATURE OF HOTTEST
CHANNEL IN- CORE)




" FIXED COVER GAS PRESSURE = 15.218 PS|
NOZZLE INLET LOSS ~ REVERSED FLOW = 1.5

100

80 {—

60 .

FLOW %

40

T il b
|
I
>
]

-

- 20

TIME. SEC

Figure Q001.419-2. Pipe Ruptufe At Inlet Nozzle-Reactor Flow Rate

7683-155
' Amend. 25 %
Q001.419-6 Aug. 1976 -



1700

1600

TEMPERATURE (°F)

- 1200

1500

1400

1300

1100

1000

7 RADIAL FUEL NODES

O DEMO CODE .

— FORE Il CODE.

2 RADIAL FUEL NODES

0 w200 30

TIME (SEC.)

50

Flgure QOO] -419-3. Transient Coolant Temperature of Average Channel At Top of Actlve

'76835156._

Core For Pipe Rupture Companson Study

. Qoo1.419-7'

Amend. 25 '

Aug.

1976 -




' MAXIMUM COOLANT TEMPERATURE ("F)

S 1100 [—

Figure Q001.419-4.

7683-157

- 1500

1700

1600 |-

1400 |
1300 {f

1200 |-

FORE - II; CASE | ;_‘
— — — FORE- I (TRIPATt=0);CASENl |
——--—— DEMO; CASE | '

—-— Tgar

R U L

‘1000
0

Pipe Rupture Transient

0 20 3 - 4 50

- TIME (SEC) -

Hot Spot Coolant Temperatures For RB/A A-1 During Hypothetical

At:riendﬂ. 25 ; : ‘
Aug. 1976 o _

Q001.419-8



Question 001.420 (E.3.1.3.4)

- Provide the technical justification for locating the flow restrictor
approximately 20 feet above the reactor inlet nozzle. Provide the:

flow characteristics for the flow restrictor as well as the basis

for establishing these characteristics and the estimated uncertainty =

1n.these.characteristics;-v-

Response:

The flow restrictor is located such.as to roughly cut.in half. the total
volume .in" the pipe/sleeve annulus that has.to be filled with sodium in
case of a postulated pipe rupture, before. the back pressure is generated =
‘that stops the break flow. As Figure Q001:.420-1 indicates, an annulus -
with a radial gap of about 3.85 in. or less would be required to Timit -
the amount of sodium egress such that the short-term coolant temperature :
peak at the core hot channel outlet does not exceed the saturation . .. . -
temperature. Because of access requirements a radial gap of 7.0 /in. has .\ = =
been{%hoSen. This increases the annulus volume by a factoriof ~~ -
- (19.0% - 12,02)/(15.852 - 12.02) = 2.02 (f6r pipe and sleeve dimensions
see Figure E.3-5). Thus the flow restrictor decreases th ailabTle

annulus volume down to the required size. -

For defining the f]bw characteristics, thé7fesfrictor‘is;modeTed as an
orifice. . Using the current radial gap of 0.5 in. between the pipe and,ths-
restrictor, the -cross sectional flow area.of the orifice is:Ag = -0.267 ftc.
- The pipe/steeve:annulus has a cross sectional-flow area of Ap = 4.73 820 - - -
- which results in an area ratio of Ag/Ay =°0.056. The pressure drop-

across theif]ow;restrictor is then calculated as - :
“where K is the friction loss coefficient, V2/2g is the velocity head -
and y =pg-is the density of the sodium times the gravitational constant.
The friction loss coefficient is calculated (according to the CRANE Hand- -
book of Hydraulics) as - : o

AR)Z'

Ve - =
A

n

.
| | 'AR(3.
0.63 + 0.37 ()

with - o
~using’ the abbve'giVEhuValug;df'AR[AAf=“o,956 yields K =23,

The uncertainty in the ¢a1ﬁﬁ1aféd'9a1ue fdf'AP i eétimated atiébprdxiﬁqtéiy .
10 percent, S e T T

L e
. 00915429j]" - Aug. 1976
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Question 001.421 (E3.1.3.4)

‘C]Arify the last paragrabh in this section where reference is made to .

the coolant margin to boiling that is required to satisfy the_aCCeptancé
criteria. _ ‘ » ' . o

Response:

Thé response to this question is provided in the révised Section E3.1.3.4.

.
é: I;li‘
e

o © Amend. 15
- Q001.421-1 - Apr. 1976




quest1on 001 .422 (E 3. 1 3. 4)

Discuss the structura1 1ntegr1ty of the flow restr1ctor and 1ts 5
expected performance under the load conditions associated with pipe .
rupture in its prox1m1ty as we]] as at other 10cat1ons a]ong the j
downcomer - . L o

c Resgonse'

The flow restr1ctor was 1nc]uded in the des1gn opt1on deve]oped for
accommodation of a-. postu1ated PHTS cold leg. pipe rupture as a des1gn,.
bdsis event.. Based-on the belief that NRC concerns with respect

to inservice 1nspect1on material surveillance and leak detection.

can be satisfied, the Project no longer considers the p1pe rupture .
as a potential basis.for parallel design efforts. This.is consistent
~with the NRC Staff position presented at the July 9 meet1ng;o t '

© ~ Advisory Committee on Reactor Safeguards Hence avdjrect
Ty v~to thls quest10n is not cons1dered appropr1ate

Qool.422-1 . Oct. 1976




Question 001.423 (QOO] 275)

In connection with Item 001 275 provide scale draw1ngs show1ng the deta11s
and locations. of the p1pe and s]eeve, support structures and hangers, and
flow restrictor. , _

.Resgonse

. New Figure E.3-5A, Pipe Sleeve Interface Control Drawi.ng (Pre]iminary),
provides the details and locations of the Reactor Vessel inlet pipe,
flow restrictor and pipe sleeve seismic restraint. Flow restrictor
details are shown in Figure E.3-6 of the PSAR, and the pipe sleeve:
seismic restraint in Fiqgure E.3-7. The support structure and hanger ,
lTocations, for the Reactor Vessel inlet pipe will remain as per reference"
design. :

© Qo01.423-1 | Amend. 20
o May 1976



“Q¥est1on 001. 424 (References)

" Provide references 2 and 4 on page E 3 145 Revision 4 of NARD D- 0005
November 1975, and "CRBRP Decay Power Ana]ys1s", WARD D-0090, Ju]y 1975

Resgonse '
'Reference 2: Rev151on 4 of HARD D-0005 was prov1ded to NRC on March 29 1976.

1

| Reference 4: "CRBRP Decay Power Ana1ys1s", NARD D—OOQO has been prov1ded -
.25} - - under separate cover. _

Amend .25
Aug. 1976

. Q01.424-1



,vResEonse

" piping was provided to NRC by WARD-D-0127. submitted in. De'
(Reference 2 of PSAR Section 1.6) Those: results :show'a tol

'Quest1on 001 425 (AppendixtE)

A]though the role of re]1ab111ty methods in the safety ana]ys1s of nuc]ear
reactor systems has been increasing, large ‘inaccuracies.as a result of:
inadequate data base may be expected, especially for first of a kind systems

'-, For example, the Reactor Safety Study (WASH-1400) allowed for an error’ spread

of: two- orders of" magn1tude for the fa1]ure rates assoc1ated with LWR p1p1ng ;;

Asystems

Prov1de the .confidence 1nterva1 assoc1ated w1th the po1nt estimate for the',
probab111ty of pipe rupture in the: pr1mary heat. transport system. Show in

- suff1c1ent deta11 the analysis used 1n der1v1ng th1s conf1dence Timit.

A fa1r1y detailed structura] re]1ab111ty assessment of the pr1mahy coT

of magnitude due to uncertainties w1thout v1o]at1ng the p
re11ab111ty goa]

éfa? 't

© Amend.- 24

Q001.425-1 “July 1976 -



Question 001.426 (Appendix E)

In a recent evaluation of the integrity of LMFBR primary piping, Chow'et al.*
concluded that the linear elastic fracture methodology (as proposed in-
Appendix C of -the PSAR) is rather limited in its ability ‘to describe crack

growth at elevated temperatures in LMFBR_primary'bibing. B

Provide the justification for the use of linear elastic fracture'meth0d01dgy
in the structural reliability assessment of the primary piping.

*Reference: “Integrity of LMFBR Piping: ‘A Preliminary Evaluation" J.G.Y. Chow
et.al., BNL/FRS-74-2, September, 1974. ' ,

Response:

The normal operating temoerature of the cold leg is around 750°F which s

well below the creep range for 304 stainless steel. The application of
"linear elastic fracture mechanics methods to crack growth calculation is

well established if creep is not a factor (see Reference Q001.426-1. As an.
example, to verify that the fatigue-crack growth rate is an unique function of
stress intensity factor; Figure Q001.426-1 presents a compilation of fatigue-

crack growth behavior for 304 SS at room temperature as obtained from the ten
specimen types shown in Figures Q001.425-2 and. 3. Figures Q001.426-1, 2 and 3

are reprints from Reference Q001.426-1. Further substantiation is.fqung in_h
Reference Q001.426-2. In addition, Janm eference Q001.426-3) concludes  that .
creep is aQ second order rZaf-fe'ctt o%n th%a"::ersac&R%ﬁ%r\;ﬁc% %_fQ 304 SS avt) 10000F. Since
this temperature is the maximum imposed by any duty,cyc]e-gvent,(see»Refgpence»
Q001.426-4) on the cold leg piping, linear elastic fracture mechanics appli-
cation to crack growth evaluations is applicable. Moreover, the strain-har-
dening properties of the piping material at the cold leg temperatures .are’such
that, where stresses exceed yield, shakedown to elastic behavior occurs after-a - -

very few cycles (see Section 4.4 of Reference Q001.426-3 and ‘Reference QOO1.426A5);;¢

The piping intégrity assessment of the hot leg piping has not been qocumented; ‘Thé
applicability of linear elastic fracture mechanics for the hot leg is undgr study -
- and will be addressed in the hot leg piping assessment which will be provided as

a supplement to Reference 2 of PSAR Section 1.6. '

References:

Q001.426-1 L. A. James, "Fatigue-Crack Propagation in Austenitic Stainless

Steels," HEDL-SA-1051, Hanford Engineering Development. Laboratory,
Richland, Wash., January 1976. L CEE

Q001.426-2 4. A. Begley and A. A. Sheinker, "Crack Propagation Testing
- for LMFBR Piping - Phase I Final Report," WARD-HT-3045-17,
Westinghouse Advanced Reactors Division, Madison, Pa. 15663

(in publication).

» ‘Amend. 24
Q001-.426-1 July 1976



Q001.426- 3

Q001.426-4

Q001.426-5

by Andlysis “in:Sections IEI sand «
ESoc1ety 0f Mechan1ca1 Eng1neers,,¢'

L. A, James; "Some - Questions ‘Regarding the : Interact1on of

Creep zand Fat1gue," ‘ASME ‘Paper 75“NA/Mat 6.

"“Pr1mary ‘Pipe Integr1ty Status ‘Reporit,”: WARD-D 0]27
‘MWestinghouse ‘Advanced: Reactors D1vrs1on Mad1son, Pa .
‘Pecember 1975

"Criteria. of ‘ASME :Boiler and ‘Pressure Vesseél : ‘Code “For Des1gn
1, ‘Division 2, "“American

' Q001.426-2

“Amend. 24
July 1976
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Guestion 001.427 (Appendix E)

The Parallel Design (pipe sleeve) for the primary piping may have some
disadvantages which should be considered in a re]1ab111ty assessment, e.qg.,
a lack of inspection access to the welding of the pr1mary piping at the
1n1et nozzle.

Prov1de a detailed reliability assessment, para)]e] to the one carried .
out for the Reference Design (described on page E.4-4 of Appendix E), for
the alternate, pipe sleeve, design. This should include a comprehensive
failure-modes-and-effects analysis associated with stress loading of the
pipe sleeve as-a result of a double-ended pipe rupture. In particular,
provide analyses which establish the survivabi]ity of the pipe sleeve
following a double-ended rupture of the primary pipe at the inlet nozzle.
Include a description and labeled draw1ngs or diagrams of the pr1mary
piping support structures with the pipe sleeve present.

Resgonse:

‘The pipe sleeve design will be such that adequaté inspectability will be.~ -
provided, as delineated in Appendix E. Relevant information can be found:
in Sections E.3.1.2.1 and E.3.1.2.3. : '

'The structura] design of the pipe s]eeve will emp]oy well estab]1shed
deterministic analysis and design methods. Undér the design basis pipe
break conditions, the design of the pipe sleeve will assure its structural
integrity necessary to perform its specified safety function. Therefore,
we do not plan to perform a "detailed re11ab111ty assessment for the pipe
sleeve design". However, if the pipe sleeve is 1mp1emented in the design,
an FMEA will be performed to assure the pipe sleeve doesn't introduce any
unrecognwzed failure modes which m1ght contribute to 1oss of coolab]e
geometry. : _ :

Details of the piping support structure associated with the pipe-sleeve are
shown in Figure E.3-7. Beyond the top of the reactor guard vessel, the piping
insulation performs the steeve function and no changes in the piping support
structures from the Reference Design are anticipated.

Since inspection capabilities are not affected by the presence of the sleeve,
~.and no changes are made in the piping support structure, it is concluded
- that the pipe sleeve does not affect the assessment of decay heat removal
,,‘re11ab111ty, and additional re11ab111ty assessment for the pipe s]eeve
" design is not required.

Q001.427-1 Amend. 23
June 1976



steam pressure, containment purging and: hydrogenhevolut1on

: sp11]s

© Question 001.428 (Appendix E)

: The response of: cell liners has been prev1ous1y quest1oned in 1tem
130.37 and in the request for topical information, item 15, (letter

dated October 6, 1975). These concerns are relevant in connection with

- pipe rupture due to the potential for water evolution from concrete in

situations invélving either partially or fully lined cells. The

~ potential for hydrogen generation from this water, and any subsequent o

procedures for venting containment shou]d be addressed

Resgonse

The Reactor Cavity and the PHTS ce]]s are fu]ly 11ned cel]s -The.: responsefﬂd,_’if
to Question 001.210 discusses prevent1on of liner failure, syent1ng of - - el

with Reference Design sodium sp11ls " The information
response to Question 001. 210 is also. app11cab1e to Appen

Q001.428-1 - Amend. 24
: - July 1976 -



27'

1f“presented at’ the July 9 meeting of the Advit tee S
. Safeguards. Hence a d1rect response to thlS questlon 1s not cons1dered¢;u
- - appropriate. - ‘ S ‘ el

A;destIOn 001.429 (53 1.2, 1)

" Provide the 1nformat1on requested in Quest1on 120 38 for the inner
. reflective sheathing for the piping thermal insulation. which is to ,
- perform the ‘function of ‘a-'sleeve with a 1.5" annulus for ‘pipe rupture -
~ ‘accommodation. Describe the analytical or experimental methods and
- design criteria to be used in designing the insulation shielding and N
“inner sheath supports to w1thstand the 1oads assoc1ated w1th a poss1b]e;--
: p1pe rupture. - - . L :

”T-Resgonse'

" The: use of therma] 1nsu1at1on sheath1ng as a piping: sleeve was -
~included in.the design option developed for: accommodation of a

. postulated PHTS cold leg rupture as a design: ba51s event~ Based:
-on the belief that NRC. concerns: w1thvres ect.'to: ‘ -
‘material surve1)1ance and:- '
- no-Tonger. considers he p

design: efforts. Th en

etz
o o - Oct. 1976 . -
-Qo01.429-1 S



Quest1on 001.430 (E.3. 1.1 Green)

The para]]e] design study for pipe rupture proposes addltlon of flow
restrictors and sleeves to the reactor inlet p1p1ng up to the ‘check
valve .to protect against reduced .core flow in the event of a pipe rupture in

~ this ‘region.” Pipe integrity studies will attempt to show pipe rupture not
to be a credible event in either the hot leg or the cold leg without prior
Teakage and that there will be adequate time for shutdown. ‘Leak detection with-
suitable sensitivity and response characteristics is necessary to sustain
the logic of this argument. Discuss how your plans would change if this
position could only be supported for the cold Teg (4000F - 7500F) piping wh1ch
operates in the elastic regime. Current efforts appear to-be primarily :
directed to defects in the cold leg piping and conversely leak detection
development appears to be oriented towards detecting hot leg sodium leaks.
Discuss the change in leak detection sensitivity between:hot and cold leg
piping; describe and- discuss the R&D program to deve]op the leak detect1on

zstem for both cases.

: Resgonse ' R S e ‘f. e

Add1t1ona1 information in response to-the first part of the questxon concern1ng
the hot 1eg piping design 1s prov1ded in amended Sect1on 1.5.2.1.5.

Revlsed Section £.3.1.2.4 provides the leak detect1on 1nformatwon_requested, Vx’

. Amend. 22
Q001.430-1.- = - ' June 1976




mistakes and 8A errors. It is assumed that ‘the undetected flaw is- sharp

- construction m1stakes wh1ch might resu]t in h1gher stresses than expected

~ Question 001.431 (E3.2 Yellow)

The principal thrust of the proposed re11ab111ty stud1es seem”to be
directed to show the adequacy of the QA program in e11m1nat1ng large defects
and that those defects that escape detection could not generate a self-
propagat1ng crack in the stress field in which the system operates (i.e.,
leak before break). The scope should be broadened to include other failure-
1n1t1at1ng mechanisms such as design errors, construction mistakes, QA
errors, and deleterious environmental effects. Relate the proposed

reliability studies to actual LWR experience rather than to the Timited
LMFBR experlence

Respons e::

A rather large initial flaw size was se]ected as a start1ng point in the
analysis provided to NRC in WARD-D-0127. The size of the flaw and the
basis for its selection are descrlbed in that report. The flaw selection,
as discussed in WARD-D-0127 is intended to reflect the risk. of construct1on

edged, oriented for maximum growth, and’ placed at the point of h1ghest
stress. These assumptions provide margin against design errors-and-

'WARD-D-0127 has shown that reactor grade sod1um does not produce. any
deleterious effects. Only the reaction products of leaking sodium could

‘be-
produce significant deleterious environmental effects. These would
mitigated by rapid detect1on of small 1eaks as d1scussed in WARD-D-0127.

Piping 1ntegr1ty analyses of the LNR s are clearly of genera1 techn1ca1
interest. However, such differences .in geometry as much thicker walls and -
such differences in p1p1ng failure effects as-the significantly. greater
stored energy in LWR piping inake the compar1sons of Timited usef: lness to
CRBRP. Consequently, no extensive engineering- effort on LNR piping compar1—
sons s judged to be warranted. However a: review of LWR- ‘operating experience

is currently. underway. The reported LWR abnormal occurences ‘are being.

screened to determine which are relatable to CRBRP.- The ongoing re]1ab111ty f:
studies will include an assessment of the protection provided by the CRBRP
reference ges1gn against the appropriate LWR observed abnormal occurrences.

o , : | Amehd.fZSz
Qoo1.431-1 o hug. 1976



Question 001.432 (E4.1 Yellow) |

al considerations are related to sodium leakage other than
g?;gr?lpture and the installation of a sleeve in the reactor co]dllzg -
between the reactor and the check valve. Among these are the cell design
pressure, venting and placement of hot and ‘cold ce11_11ner§..-31ﬂ§e . |
a spectrum of leaks could be invo1vgd_glv1ng rise to a series of eS}?nf_
options, provide further clarification by discussing leak rate vs ce
pressure, venting and cell Tiner options.

Response:

imi ses | ' imum ¢ sodium
Preliminary assessments of the PHTS cell maximum pressure veysgs‘so
leak rate ire provided in response to (040.4.. These-pre]1m1nary L
assessments were based upon%the»de51gn-basisvTeak,apprqach trqpsmit;eg:ta e
NRC in the Information in Rdvance of CRBRP Cell Liner,DesignfMeetingfog;« =
June 8, 1976. S _ B C S s

In addition to the evaluation of ‘the design basis leak; tl
system and structural design has been evaluated for system in
spills to determine margin. - The analytical results are being ‘¢ eq

by a sodium (evaluation) dump experiment at HEDL schedule ‘tobe" made in. -

mid-year 1977. ' ,

The present PHTS cell and reactor cavity design does not differentiate
between hot and cold liners as described in-the prévious refe RS
advanced cell liner information.. Linérs are provided with in

" : and a gap for venting steam/vapor from behind the Tiner. '

The structure of the PHTS cells and’ the reactor cavity has been
and can.withstand~transient;phesSUres of 30 and 35 :psig, respi
and venting between cells for pressure relief is. presently
as being necessary. Venting between cells would be: undes "3 ‘bec
of the potential of contamination of larger areas than necessary.

-Leak detection means are being provided to detect 1eaks ésssmaJ] a§ g
100_gm/hr in 250 hours. Liners are being designed-to'accommbdate'thef
design basis Teak. To insure additional margin, the cell liners and

structures are being evaluated for system characteristic sodium spills-
larger than the design basis Teak. :

Q001.432-1 " Amend. 35
| o Feb. 1977



Question 001.433 (15. A.3.3.1 YéHow)

In the analysis of the EVCC, the initial temperature is. taken as 1075 F
and -the elevated temperature due to decay heat is Timited to 1200°F. :
The flow blockage analysis in Figure F 6.4-5 shows however that the .
sodium temperature in the vessel can rise as high as 1400°F prior -to
melt- -through to the EVCC. Discuss the effect this would have on the
partition factors for the fission products dispersed in the sodium,

and consequently, on the RC source term (Table 15.A. 3-4). Justify
extending the method of partition fractions, as used by Castleman, if
the sodium temperature is calculated to rise beyond 1200°F; note that
Cs and Rb boil below 1300°F. - -

Resgonse

In Amendment 24 to the PSAR the- Proaect w1thdrew thewPara]]eT;De

- from further consideration by the NRC staff. This question
additional information relative.to ana1yses conductedr1n;suppor . N

- the Parallel Design.  Accordingly, the question is 'no longer directly | -

applicable.  The considerations associated with deve1op1ng ‘the source

term for the TMBDB analyses are discussed in Sect1on 4 of CRBRP 3

Volume 2 (Reference 10b of PSAR Sect1on 1.6). . . o

A S Amend 62
Qoot.4z-1 o Nov. 1981




7 Questidn 001}434”(6.2.5.2)'

" You state in Sect1on 6.2.5.2.1 that the heat remova1 ‘system for the
- Reactor Cavity shall be designed to maintain certain. temperature during
~normal operating conditions, and that its operation is not required :
following.a CDA, Provide the design criteria for this system and d1scuss
‘ the consequences of 1ts failure during normal operatlon -

Resgonse

. The response to this quest1on 1s prov1ded in revised. PSAR Sect1on 3A 1.3.

Q001.438-1 . - . | ~ Amend, 25
v Aug. 1976



Question 001.435: (F.3.2)

Assumlng the acc1dent sequence in F3.2.7.1 but with pump trip at the
expected trip conditions, what differences in the scenario would be ex-
'pected7 :

Resgonse

The accident sequence postu]ated in th1s question should not be cons1dered
©asy an HCDA initiator for the reasons d1scussed below.

Tab]e Q001.435-1 shows the five trip funct1ons and trip levels that apply
to the startup situation. For the assumed case of a continuous control
rod withdrawal, the first trip would be at ~20% power due to the Primary

Shutdown System (PSDS) Flux-Delayed Flux trip function. The backup funct1ons N

~are the Startup Nuclear (SSDS) at ~25-30%, the Flux-Total Flow §SSDS) at
- 60%, the F]ux - [Pressure - (PSDS) at m60% and the H1gh F1ux
‘115% g

'One may postu]ate that the SDSs fail either e]ectr1ca]1y on]y or mechan1ca11y |

only. The postulated sequence of failures can be discussed more fully by
use of Figure Q001.435-1 which reflects the startup condition.

Path #1 on this figure is a postulated case of two electrical fa11ures
These would leave the pumps running and the rod continuing to withdraw.

Th1s is the case discussed in Section 4.3 of Reference 10a, PSAR Sect1on 1 6. ]60_

‘Path #2 is the case postulated by the quest1on and would requ1re a]] of the
following failures:

L Fajlure of the CRDM pu]ser or operator error
® Failure of the rod block 1nter1ock

o S1mu]taneous common mode failure of at ]east 2 of the

3 independent e]ectr1ca1 trains of the primary shutdown
- system

° Simultaneous common mode mechanical failure of at Ieast
2 of 4 secondary rods.

Thus, only by postulating two unre]ated.(One electrical and one mechanical)
common mode failures can the scenario postulated by question 001.435

occur. -One common mode failure must involve the primary electrical system
and cannot involve the secondary electrical system. The second. common
mode. failure must involve the secondary mechanical system, not involve. the
primary mechanical system, and pre¥ent at least two of the secondary rods
from being inserted. Therefore, this sequence is less probable ‘than the
postulated common mode -failure of both electrical systems and shou]d not
be cons1dered as an 1n1t1ator

*Note that Appendix F has been withdrawn. However, the accident sequence
referenced in the question related to a control assembly withdrawal at
startup with shutdown system fa11ure

35 1 Amend. 60
Q001..4 v Feb. 1981
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In paths 3 and 4 it is postulated that there are common mode mechanical _
failures of 14 of the 15 primary rods and, obviously, no mechanical failure
of the rod postulated to be continuously withdrawing. The overall pro-
bab111ty of path 3 is significantly smaller than paths 1 or 2 because of ,
the large number of rods which must experience a common mode failure and -
because of the mechanical diversity between the primary and secondary
systems.  The overall probability of path 4 appears to be even smaller than
that of path 3.

Summar1z1ng the four conceptual paths discussed above, it may f1rst be. - :
noted that path #1 does not result in a pump coastdown because no rod-: mecha— B
‘nical failures are involved. In paths 3 and 4, a mechanical failure o the
PSDS:would result in a trip of the primary coo]ant pumps ‘and: interrup; SRS
of electrical power to the control rods. ‘'stopping the .withdrawal. Sintesthe .~
trip: wou]d occur at about 30% power, the - reactor power would remain at that-
level.{ Only path #2 shows a sequence of events cons1st1ng of continuous

power 1ncrease plus trip of the primary pumps . S :

If the' event postu]ated in quest1on 001. 435 cou]d oceur, the coastdown of.

- the f]ow {which would be initiated at about 30 seconds) would result in hot
channel coolant boiling in about 35 seconds. At that time the reactor power’ : .
would be about 50% of full power and the Flow would be about 20% of full .
flow: :The coolant boiling would result-in cladding failures and the cont1nued
‘heat1ng would result in fuel melting. This would eventually result in'a = -
slow core meltdown characteristic of the Transition Phase analyses presented

in Section 4.2.3 of Reference 10a, PSAR Section 1.6.  eo

: ~ Amend. 60
' | Feb.
Q001.435-2 Feb. ;93;;



| - TABLE Q001.435-1 |
SUMMARY OF PPS TRIPS FOR STARTUP POWER RANGE

Trip Function ' Shutdown 'Sy.'stemb * Approximate Trip Level
Flux-Delayed Flux - - - Primary . 20%

Startup Nuclear - : " Secondar‘y o 25' 3

Flux-Total Flow o 'Secb'nd_ary o R~

v Flux - {Pressure el . Primary . 60% R
‘i o High Flux o | : ' Pri.ma‘fy _' o 5%

i ol SRR
Q001.435-3 Moy So78. -



PATH 1

. CONTINUOUS PRIMARY
ROD WITHDRAWAL

1

PRIMARY SDS TRIP
AT~20% POWER

PRIMARY
SDS OPERATION

ELECTRICAL FAJLURE: . -

OF PRIMARY SDS

MECHANICAL FAILURE . = -
.-OF PRIMARY SDS: . . ..

PUMPS CONTINUE ON,

PUMPS TRIPPED,

ROD WITHDRAWAL RODWITHDRAWAL
CONTINUES. STOPS .

SECONDARY SOS TRIP
AT 30°: POWER

SECONDARY $SOS TRiP
AT 30% POWER

- SECONDARY

SDS OPERATION

PATH 2

PATH 3

HANICAL FAILURE
DF SECONDARY SDS - OF SECONDARY SDS '
‘ IN SECONDARY SDS IN SECONDARY SDS
PUMES CONTINUE ON. PUMPS TRIPPED, PUMPS TRIPPED, _PUMPS TRIRPED
ROD WITHDRAWAL ROD WITHDRAWAL REACTOR AT AEACTOR.AT
CONTINUES CONTINUES 30% POWER 30% pbwgn
{TOP) ITOPLOF) : '

NOTES: SDS  SHUTDOWN SYSTEM

NFC  NO FURTHER CONSEQUENCES (NO LOSS GF COOLABLE GEOMETRY)

Figure Q001.435-1. Accident Progression Diagrani Assuming’Continﬁous 'Cohtrol‘ 'Rb‘d_
Withidrawal At Startup And Failure Of Both Shutdown Systems » o
Amend. 19 .C

May 1976
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Question 001.436 (F3.2)

Indicate if ramp rates much greater than (such as 19¢/sec) or much less
than 2.4¢/sec are possible during startup. If so, what differences in
the F3.2.1.1 scenario would be expected? .

Response:

Thé CRBRP Project has conso]idated all,considekations given Hypothetﬁca]
" Core Disruptive Accidents into report CRBRP-3 (References 10a and.10b,

PSAR Section 1.6) and its associated references; consequently, PS
Appendices D and F have been withdrawn.in Amendments 24 and 60
The response to this question is now found in' Section:3:3.2.2" of Refere
10a, PSAR Section 1.6. RS S T e

001.436-1 : -+ Amend. 60
| * _ © Feb. 1981
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Question 001. 437 (F3.2)

D1scuss the reason for the pre]1m1nary conc1u51on that the event 1n'
'F3.2.1.3, Seismic Reactivity Insertion-Operation Basis Earthquake
(OBE) With Shutdown System Failure, will be similar in consequence
to the LOF event of F3.2.2.1. Is® ﬁhere a greater possibility for a
hydrodynamic disassembly as opposed to the cited LOF events? Pro-
vide the schedule for performing the detailed analysis of :this event.

"Response:

The CRBRP Project has conso]1dated all con51deratjons g1ven Hypothet1ca]
Core Disruptive Accidents into report CRBRP: 3 (References 10a and- 10b,
PSAR Section 1.6) and its associated references; consequently, PSAR

Appendices D and F have been withdrawn in Amendments 24 and 60. respect1ve]y;ﬁ‘ ;545

~ The: response to this question is now found in Section 4.4.2.2.3. of . ;
Reference 10a and Section 8 of Reference 15, PSAR Section 1.6. - 160

o © Anmend. 60
Q001.437-1 Feb. 1981



| Quest1on 001 438 (F3. 2)

It is not obvwous that a common mode fa11ure(s) 1nvo]v1ng both primary
and secondary systems has an overall probability "significantly smaller”
than failure of both systems and failure of the pumps to trip on demand.
Provide the justification to support this view. Indicate if a flow
transient from an overpower condition would be similar to (a) the LOF at
norma] power, (b) the scenario in F3.2.1.3. -

ResEonse *

The re]atlve likelihood of various fa11ure sequences is d1scussed 1n the
response to QOOl 435. :

'The consequences of flow trans1ents initiated from an overpower condxtxon T
" are prov1ded in Reference 10a, PSAR Section 1.6, Tab]e 4~4, cases L33 through |
L40 ‘ 160

*Note that Appendix F has been withdrawn. However, the SCenariOS»referenCed;;‘ffl
in the question related to: ,

a) Loss of Off-Site Electrical Power with Shutdown System Failure’ | -
b) Seismic Reactivity Insertion (OBE) with Shutdown System Fa11ure {ittﬁé;

| Q001.438-1 | . Amend. 60
o | " Feb.v1981



Question 001.439 (F3.2) .

‘table that the-largest temperature increase:-would:be’only 65°F and wo

- fuel rods and 6 equilibrium cycles for the‘ﬁadja1\B1ankgﬁ*ﬁd@§;' S

discussed in SeCtidn“1511;2 ,,

V'Specify the'approximétéu1ehgth»bf time that the'réactqn‘can obérafé;a£f 5g :,f:

115% power before component design stresses are exceeded or fuel failure -
is expected. . y . - o 3 TR

Response: .

The CRBRP could operate at 115% for several days befohé.any'sighifiéaht  'i
consegquences would result’ from the overpower condition. The long term . .
consequences of operation.at 115% power will be discussed below.. How- -

ever, it is important to first note the present design is such that the
plant will be tripped at 115% power by the PPS and that the plant will be

manually tripped within 5 minutes at an overpower condition less than,JS%,7 -

An analysis of the consequences of operation at.115% power was.performed to- .
ascertain whether any short. term safety consequences would result.. '

a prediction was made of the final steady state fli tur
the system. This was done by a simple. extrapolatio)
(an Upset Event, uncontrolled .rod withdray

designed for sixteen U-2b transients in which it is ass

v

is tripped after 5 minutes of operation at 115% power. . During the
preceeding the reactor. trip, it was conservatively assumed.that th

and IHTS sodium flows remained constant at their initial steady st
values during the overpower condition. The feedwater flow was allo
be increased by the automatic control system. The approximate fin

peratures and flows are given in Table Q001.439-1. Tt is seen from the .

occur in the-PHTS hot leg: It ‘is:also noteworthy that.the increase
PHTS cold 1leg.:is only 30°F and that this results -in.a -temperature: of
which is welJabelOw-the_creep»regjmg_fgr,theimaignia%{ e

A scoping ca]cuWation.wagﬁpérfqrmed,to.detepmine thgﬁpgr’ d. of -time the
CRBR could be maintained at 15% overpower before fuel and radial t
rod cladding ‘design limits were exceeded.  For the assemblies cons
this calculation showed that this time period is minimum whenthe-
is applied at end of design life, which is 1.5 equilibrium cycles ft

The conditions'as$umedff0r these calculations, the_fueY,andlrédiQTngankét "m

“assemblies considered, and the principal results of the calculations are.
- summarized in Table Q001.439-2. The design Timit utilized in this- calcu- -

1atioh'isjthe”CTadging‘cumuiative4damaggffunctiqn‘(CDF}fiimit’9{*1{0;- "jj}, o
This design limit and the méthod“forgtaTculating c]add1ng»QDF 1§ fg}iyif’“; o

Q001.439-1 | - Amend. 20



To determine the allowable overpower operating period, calculations

for the fuel and radial blanket rod cladding CDF versus time up to the -

end of design life were repeated. The upset tpans1ent5 were-included -

in this part of the calculation, but the emergency transient was not. Ata
‘the end of design life the 15% overpower environments were imposed on- thez
rods and the cladding CDF versus time calculations were continued until
the time for the cladding CDF to reach 1.0 was determined. No additional:
transients were imposed during the 15% overpower period after end of de-
sign 1ife. Effect:of the 15% overpower environment on’ the c]add1ng CDF
was calculated assuming hot spot cladding temoeratures at a 30 Tevel of
conf1dence and thermal- hydrau11c design cond1t1ons ,

These results show that the fuel rods can be ma1nta1ned at 15% overpower :
~for approximately 12 days past end of design 1ife before the CDF. Timit is .-
_exceeded. The radial blanket rods can be maintained for approx1mate1y 4

. days ‘past end of design life at 15% overpower before this Timit is ex-

’ eﬂeeded ‘These' time values are very conservative, m1n1mum quant1t1es‘s1nce

_g;Bo env1ronments were used in tnese ca]cu]at1ons verpower:-en=

':f't1mes to exceed c]add1ng 11m1ts would have been cons1derab1y~1arger.g?f 'l

nEven if a few radial blanket or fue] assemb]y rods were. to fail, the
vconsequences would be acceptable as shown in. Sect1on ]5 4 '

Reactor structural components wou]d also not undergo any s1gn1f1cant ad- .{
“verse effects. Time at 115% power, in addition to’the -overpower phase of '
~ the U-2b events for which the reactor structures are designed, would not -

cause s1gn1f1cant additional creep. -damage  and wou]d be ‘acceptable for a

time- durat1on in the order of weeks. :

Operat1on at 115% power wou1d a]so be acceptab]e for t1mesvup to. thea"'
. of ‘years for the heat transport system As is shown in Table
the temperature -increases are 65°F or less. The PHTS and I co.
stay -well below the creep temperature. Since the PHTS and I TS'pumps . ~
- ‘remain at constant speed, all of the primary or equ111br1um type of stresses
‘would remain essent1a]1y the same. There would be a small decrease in '
_the allowable primary stresses. Stated more specifically at the beg1nn1ng
- of plant life, if the 316SS hot leg components were operating at the maximum
allowable primary stress gt which is based on the full lifetime of . the v

~ plant (approximately 3x10° hrs. )-and if the higher temperature occurred,

the plant could be operated for 3.4 years before the code design a]]ow-»
- ables for the higher temperature would be exceeded. The 316SS interme-

. diate hot leg components could operate at 1010°F for 5.7 years before the f

Code design allowable stresses would be exceeded. For the 2-1/4 €r -.1 Mo
-~ steam generator operating at 1010°F, the time would be 3.4 years before the
~ design allowable stresses wycld be exceeded. On the other hand, at the end
of design live, there is rtepre-defined primary stress margin over and
~ ‘ahove the desinn dutv gvele Tnad histerv so that no definite time to _
| reach the design 1imit greater than zero can be assured. o
’ . . . v
| @
'QOQ?I439-2 Amend. 20
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o vThe secondary stresses in the. p1p1ng would 1ncrease s]lght1y due to 1n-’ -
"~ creases in thermal constraint. 'stresses: from the higher" temperatures This™ .
could lead to increased ratchetting. —The secondary stresses will be. Timited -

so that strain limits (0.5%) at. welds- which cannot be exceeded over the 11fet1n
of the plant. - At the beginning of plant life the 316SS hot leg compo-- | . i
nents operat1ng at the 1080°F with a 10% increase in the previous operating. -
stress would produce the: de51gn strain of 0.5% after 1.2 years of operat1on*ﬂi
. .at the higher temperature.  For the 2 1/4 Cr-1Mo and:316SS components at. =
- 1010°, the design strain would.not be produced for 2.3 years at-the h1gher T
_ Vtemperatures and stresses. -As for the primary stresses, at the end of’ 11fei};.
.- there is no pre-defined strain margin over and above the design duty cyc]e i
Toad h1story, so that no def1n1te time greater than zero can.: be assur 2d. B

‘ The add1t1ona] creep and fatigue damage that wou]d occlr at
‘elevated temperatures would be very minimal because the fat
. 316SS is the same for the temperature range from 1000°F to: 1200°F .
. addition, from stress rupture considerations and us1nguthe 1 :
‘primary stresses and secondary strains, at the beginning of plant life,
hot leg components are predicted to operate from 2.3 to 7 years at
higher temperatures and s1m11ar1y no definite time er.than . A
assured at the end of life. "Hence, the ‘acceptable ‘lengths of ‘time that ‘the =
reactor can operate at 115% power cou]d be anywhere from zero to about 1.2
years before exceed1ng -design 11m1ts as exp1a1ned above

The acceptable Tengths of time that the HTS can operate at 115% power SRR
could be up to about 1.2 years before exceeding the: design. limit w et
explained above. In addition the heat exchangers, steam gener: or
and other major components would have steady state stresses. whic
" Jow because the extreme and/or limiting stresses result from the m:
thermal transients- for which those . components are. des1gned;‘nc1u
sixteen U-2b events. Therefore, the ‘stresses and strains use S
determine the acceptab]e operat1ng t1mes at elevated temperatures ‘are. very o
conservat1ve : _

~In summary, the postu]ated trans1ent in wh1ch 115% power is ach1eved 1s »
very improbable, but would be acceptable in terms of thermal stresses and

bh - fuel failures for periods at least of the: order of days for the reactor .

structures and for periods of the order of weeks to years in the HTS

QO01.439-3 |  Amend. 20 -
| -  May 1976



TABLErQ001.439~1

.I-\PPROXIMATE 'NSSS .CONDITIONS : AT POSTULATED .
' 115% POWEP ’ :

- Parameters Initial Conditions * ) . ‘Fina Conditions

‘Reactor power 003 S 5%

 Feedwater flow N [

PHTS hot leg temperature 1018%F.

PHTS cold Teg ‘temperature Co7se°F T 780%F

IHTS hot leg temperature 950°F

INTS cold Teg teiperature '671°F

*Thermal ‘Hydraulic ‘design ‘conditions with allowance for instrument error

, v
' 2 ~ Amend. 20 s
Q00,4304 fmends 2o



TABLE QO001.439-2

‘ | ~ MINIMUM OPERATING TIME AT 115% POWER
| . .  BEFORE CLADDING DESIGN LIMITS ARE EXCEEDED

"Rod Type and A . '
Assembly (see ~ No. of Days Past End-of-

Figure 4.4-5 - Life at 115% Power to :
in PSAR) Attain Cladding CDF= 1.0

~ Hot Fuel Rod ' 12 days
of Assembly 6:' S : S

Mot Radial 4 days
Blanket Rod o
of Assembly A -

Notes:

(1)  0perating conditions dufinngdd design life:
‘_; Steady state - _20"plant‘e3pected'
Transient - 30'T&H design

v

(2) Operating conditions during 115% power: 3o T&H design

Q001.4395 - . Amend. 20

May- 1976



Q( Question 001.440 (F3.2) _

It would appear that the events in F3.2.2.2 through F3.2.2.6 all result

in substantially higher bulk sodium temperatures at the onset of hot

channel boiling or clad failure than the LOF event in F3.2.2.1. Provide

the results of analyses of the event F3.2.2.6 and one other of these events,
assuming that no operator action is taken to prevent core disruption.
Summarize the differences between these events and the LOF event as

regards the general accident progression, the l1ikelihood of moderate to
large energetics, and the post-accident heat removal requirements. Provide
the reactor coolant temperatures and the coolant saturation temperatures

in these cases as a function-of time. Also, include a discussion of the
effect of the estimated uncerta1nt1es in the DEMO Code resu]ts on the
conclusions.

Response:* L - B S | ilGOn
_The requested 1nformat1on is provided in References 001 440 1 and 2. '

Loss of One Heat Transport Loop

The results in Reference Q001.440-1 show that the loss of one heat trans--
port loop with postulated failure of both reactor shutdown systems leads
through a 10 minute transition to a_new steady state with acceptable
increased plant temperatures (<1150°F) and reduced reactor power. No
operator action is assumed dur1ng the 10 m1nute transition =

q/‘ Loss of Feedwater Flow

The ana]ys1s reported in Reference Q001. 440 2 1nd1cates that the worst
anticipated reduction in feedwater flow coincident with a postu]ated
failure of both reactor shutdown systems is either: :

(a) a loss of one out of three feedpumps with. fai]ure of the standby
pump to s?art (each pump is capable of delivering 50 percent of
full flow _

(b) a total loss of condensate flow caused by 1nadvertent closure of
the condensate flow contro1 valve.

The results show that in both events (a) and (b), the available time for
remedial action would be sufficient (10 minutes) to assure termination
of the transient by operator intervention. In the worst case condition,
operator action is necessary in 10 minutes to terminate the transient -
and -thus preclude coolant boiling in the blanket hot channel. - However,

- with no operator action during the first 90 minutes, no structural
failure in the Heat Transport System would occur, no coolant boiling

in the fuel Hot Channel would occur and core coo]ab]e geometry would

49 be preserved.

Amend. 60
Feb. 1981
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DEMO Uncerta1nt1es

No spec1f1c uncertainties in the DEMO mode] have been 1dent1f1ed wh1ch
would be expected to. s1gn1f1cant1y a]ter the conc1us1ons in References o
Q001.440-1 and 2. v .

*Note that Append1x F has been w1thdrawn However, thevevents'refefenCéd;;
in quest1on related to: : S

F3.

F3

F3.
- F3.
~ F3.

F3.

References:

Q001.440-1

0001.44022

2.2.1
2.2.2
2.2.3
2.2.4

2.2.5
2.2.6

McCa]l

Loss of " 0ff—S1te Power with Shutdown System Fa11ure -
Primary Pump Tr1p with Shutdown System Fa1]ure ‘
Intermed1ate Pump Trip. with Shutdown System F
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Quéstién 601 441:
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‘The resu1t1ng reactivity consequence is an up ramp of 3.7 x 10 4 .
cents/hour considering the core only (0.8 x 10 cents/hour con51der1ng
the core and b]ankets% to a maximum of 7.2 cents (2.0 cents considering
the core and blankets) at the attainment of cold leg hydrogen saturation
conditions. It is inconceivable that such a leak could continue for
this length of time and that the plant would continue to operate to a
“hydrogen impurity of level of 51 ppm (the cold trap spec1f1cat10n1$

only 0.1 ppm), however the reactivity consequences are negl1g1b1e even
compared to the reactivity rate due to burnup.

The consequence of de]ayed hydrogen solution. was assessed based on the
reactor products of oil/sodium tests (ses Response Q001. 338) .

The quantities of gaseous hydrogen, which dissolves in the: sod1um quick1y, ;-5»5Q1v}

and ‘gaseous organic reaction products wh1ch d1sso]ve slowly ar
a minor extent, were used to estimate a. gaseous product buildup: in
sodium. The quantity of hydrogen bubbles was® conservat1ve1y est1mate to.
represent the 01l leakage for ninety minutes. . The ‘organic. gases tend to
~form carbonaceous particulates which include some of the hydrogen Con-

d;only

servatively these gases are assumed to cont1nuous1y bu1]d up in the coolant :tr. =

~The total volume of gas in the: core’ used to assess’ the react1v1ty conse-
quences corresponds to hot leg temperature and pressure which .is conser- - -
vative by a factor-of about. 51 Forend of equ111br1um cycle cond s
it requires about.2900- hours: of 0il1 leakage to raise the gaseous content
of the sodium to a level sufficient to cause 1 cent 1ncrease in react1v1ty
This is clearly inconsequential.

Q001.441-2 ' miard. 19
‘May 1976
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Question 001.442 (Appendix F3)

Provide the results of an analysis of the conséquencés of an{aSsum-'
ed loss of off-site power and failure of both diesel-generators to
operate. ' : - : o

Response:

.The assumed loss of off-site power and failure of both diesel ge-

nerators is not presently part of the Design Basis for CRBRP. Since
the CRBRP design includes .two otf-site sources and the redundant ;
Class 1E onsite power systems the assumed event should not be part of
the design basis. This approach is consistent with past preced-

ents for LWR's with similar design features.

Q001.442-1 S - Amend. 17
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Question 001.443 (F6.2.1)

“example, for a TOP accident one may expect:

Provide justification for exC]uding‘analysis of the begihning:ofhlife (éOL) _

core for the two design basis accidents. There are a number of reasons why‘
one might expect an accident with greater consequences from a BOL core.” For

]

‘a) Higher melt-fraction before pin failure;

b) PoésibTe boiling before fai]ure'with reactivity and plugging implications;

) No:fissioh—gas induced fuel motion;

d) Considerably differentvpost pin fai]ure behavibr ih channelé;”
e) More coherence because all pins are essentially at the same burnup

Cons1der items. such as these when Just1fy1ng the exc]us1on of the BOL core

Resgonse B h o . 160

The results of pre11m1nary calculations indicate that a1though the details of
the accident scenarios in the BOL core may differ from those-calculated in

‘Ref. 10a, PSAR Section 1.6 for the BOEC and EQEC core, the maximum acc1dent 160

energet1cs are not expected to be significantly different.

The :preliminary analysis of the TOP event in a beginning of life core (Reference

QOO] 443-1) with a burnup of 73 MWd/T indicated that either a ramp rate. approach-

ing 5 $/sec or forcing the pin to fail at the core midplane would be necessary

to satisfy initial condition for a hydrodynamic disassembly. It must be noted

that no physical basis for initiating ramp rates approach1ng 5 $/sec’ have been -
identified in CRBRP. An analysis of the LOF event in-a - beginning of Tife core | 23
(Reference Q001.443-2 and 3) indicated that mild initial disassemblies similar :
in character to those calculated in Ref. 10a, PSAR Section 1.6 were predicted w1th |60

moderate ramp rates at disassembly in the absence of coherent:and extensive
failure of pins in the low power subassemblies. Even in the latter case the

energetics were well w1th1n the structura] design basis.

The effect of items a) through e) on the BOL TOP accident scenario is discussed

below.

a) Higher melt fractions are expected in BOL pins prior to failure than have
been calculated for pins in the BOEC and EOEC cores. The large molten fuel
inventory at pin failure should introduce strong negative fuel mot1on re-
activity effects which would be suff1c1ent for neutron1c shutdown..

‘*Note that Append1x F has been withdrawn. The test upon which this question
was -based, can now be found in Section 4 of Reference 10a, PSAR Section 1.6. 60

- » ~ Amerid. 60
Q001.443-1 - - Feb. 1981



b)

o

d)

‘Since fission gases are not presen* in fresh fue] the driv1nn fo

~The FTR analysis indicates that the negative reactivity change assoc1a‘“dizi“

The experimental evidence regardmo faﬂure of fYESh fuel under TOP" . | '
conditions indicates that failure at the Tow: ramp rates. of 1nterest RS ~€
is of a thermal origin-and failure occurs néar the tip of the’ fuel” '

column after boiling is initiated. ~TREAT experiments H2 and" E4 (Refer- e

ence QOO] 443-3) provide the most d1rect ev1dence that fa11ure of fresh

fuel is associated with coolant bo111ng . _

Therefore, the detailed mechan1st1c analysis of CRBRP type. fue] rods confirm

" that the essential features of TREAT. experiment behavior will be reproduced -

in .CRBRP, cladding failure will occur after coolant boiling and near the ... -v|23
top of the fuel column. Approximately 50-75% of the fuel will be molten at

" failure. Under these conditions, existing analyses (References Q007.433- 4' l 2’

5) of FTR and CRBRP accident sequences agree that fuel motion. toward- the
failure site will produce neutron1c shutdown in the TOP acc1dent '

for post- -failure fuel=motion. in the BOL TOP ‘caseé is" fuel vapor pr
Because of the larger melt fraction at the time of failure in the fresh-

fuel, the fuel vapor pressure wou]d act as a d1spers1on mechan1sm

Once the genera] timing and axial location of fa11ure are estab11shed'~fhe."
key phenomena controlling the post-failure progression of the TOP.accids t
are fuel motion toward the failure site.and p]ug format1on by fuel’ ejected -
from the fuel rod. v '

with fuel motion to the failure.site is sufficient to produce’ neutro
shutdown, even assuming.no increment of fuel from the failure s
more, this reactivity-effect is-obtained with on]y 9 fuel assem 1
in . the lead group and 30%:of the’ rods- in each- assembly’ (i.e.,: tt two'. -
rows of rods in each assembly) not fa1]1ng because of overcoo]1ng at the. -

assemb]y edges ' y o . : S ,

The geometry of the b]ockage is also of 1nterest because the acc1dent scen-»,f
ario depends, to some degree upon the extent of flow b]ockage 1n the 1ead
fuel assemblies. ' .

" If all the fuel rods in an assembly fail, a complete flow b10Ckagefmay*

form. The FTR analysis is believed to be particularly applicable in

 this area because the FTR and CRBR fuel: assemblies have jdentical p1tch-.

to-diameter ratios and edge-rod-to-channel- spacings. The FTR analysis.
indicates that the outer two rows-of rods in each lead assembly will’ not
fail, and partial flow will be maintained. Therefore, the events asso-
c1ated with complete flow- blockage appear to be- 1mprobab1e '

Fue] fa1]ures in the BOL core dur1ng ‘the TOP sequence are probab]y more
coherent than in the BOEC or EQEC cores. .However, the' lack of coherence :

ih the BOL core appears t6 be substantial. The FTR analysis shows - that a 1ack
of coherence within fuel assemblies, caused by the flow distribution: ‘between
edge and center coolant subchannels, is sufficient to prevent the colder

edge fuel rods. from failing. Since lack of coherence between fuel assem-
blies is larger than that within fuel assemb11es, lack of coherence in the

~ BOL- core i5 adequate to preclude greater energetic consequences than -
were calculated for the BOEC and EOEC cores analyzed in Ref. 10a PSAR Secticn 1. 6 k

Dmnnd 'ﬁn'

[aYaYa %l Ana~ o~
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Question"001 444 (F6.2.1)

,C]ar1fy the sentence starting ”leferences in operating characteristics.
as it relates to comparison of LWR discharge grade Pu vs FFTF grade Pu found
in Chapter 4.3 of PSAR.

Resgonse

This question requests c]ar1f1cat1on of information which-is no 1onger

a part of the current documentation. The Project has since consolidated
all considerations given Hypothetical Core Disruptive Accidents -into
report CRBRP-3 (References 10a and 10b, PSAR Section 1. 6) and its asso-
ciated references; consequently, PSAR Appendices D and F have been
withdrawn in*Amendments 24 and 60 respectively..

Amend. 60

QV01.444-1 - Feb. 1981




Question 001. 445a, b&c (F6 2.3. 2 4) .

The fo110w1ng requests. and quest1ons dea1 w1th the ana]ys1s and assessment
of b]ockages found in Appendix F, din part1cu1ar the SASBLOK ana]ys1s

(a) The process of intermixing SAS and externa1 calculations are not de-~
scribed in sufficient detail for an independent assessment. Provide
a detailed description of" the SAS 3A 1nput, output and externa] ca1-
cu]at1ons

(b) The location:of the blockage is ‘assumed to be well up ‘in the p]enum
~ Thus. full credit is taken for the (negative) fuel motion reactivity.
- Also, the heat source in the blockage is just. the decay heat source. - . .
Just1fy the exclusion in your- ana]ys1s of :solid in-core- blocka”'s,‘ ' S
in particular when pin. failures occur-in voided: channels.: Ass f\f.“"""'“
that such b]ockages oceur. and assess the progress1on of the acei-
dent . : : '

(c) on page F6. 2-77, it-is claimed that the extensive in- core, non= porous
blockages in the TREAT tests were due to the non-prototypic:nature -
of these tests. Reconcile this conclusion with the conc]us1ons '
found in ANL/RAS 74-8, that "...it is-not possible to say, at this
time, that the (TREAT) vo1d1ng dynam1cs are such as to produce more’
or less sweepout than wou1d occur - in a reactor : :

Response:*

(a) The: CRBRP Project has conso11dated a]] cons1derat1ons given Hypothet1ca1
‘Core Disruptive Accidents into report CRBRP=3 (References 104 .and " .10b,
PSAR Section 1.6) and its associated references; ‘consequently, PSAR
Appendices-D and F - have been w1thdrawn in -Amendments 24 and. 60 respect1ve1y

The response to this quest1on 1s now found 1n Append1x A of Reference 10a, 60
PSAR Section 1.6. o R S

(b) SASBLOK was not used to analyze so]1d in-core b]ockages resu]twng from
failures which occurred in voided channels because none of the overpower
transients (TOPs) ana]yzed in Reference 15, PSAR Section 1.6 were 60
predicted to fail in such a manner that solid in-core blockages would -
be produced. SASBLOK was used to analyze the effects of fuel blockages -
where pin failures occurred in channels with. full sodium flow; resulting
in fuel ejection into 1iquid.sodfum,-a fuel-coolant interaction, and
fuel blockages due to fuel plateout. Fuel ejected into the channel

under. these conditions is not expected to form a complete b]ockage 1n
the channe] _

26
o, r'*Note that Appendix F has been withdrawn. The text,.updn which'the question
7 was based, can now be found in Section 6 of Reference 15, PSAR Section 1.6. 60
Amend. 60

Q001.445-1 - . Feb. 1981



" rod withdrawal, blockages closer to the core are expected to be -

- CDA energet1cs wh1ch m1ght resu]t from the sTump1ng of meTtedc»_

The separate caTcuTat1ons of Append1x A, Reference 15 PSAR Sect1
can be used to assess to what degree in-core b]ockages can exist as a
function of power, sodium.and geometric. conditions: :Fuel b]ockages
are progressively more difficult to maintain in a’ stab]e .coolable:
configuration as the blockage location approaches the core m1dp1ane R K
As the reactor power continues to 1ncrease ‘due to the cont1nued contro] .

partially or totally dispersed, depending on-the-portion of the: b]ockage
material which cannot be cooled below- the me1t1ng po1nt ' o

The analysis. of Section 10.1.1, Reference 15, PSAR Section 1 6 was 5f:<i Q.QfﬁbiF
performed to assess the pess1m1st1c assumption ‘that: fuel bTockages””"f L
“Th

could not be sufficiently cooled and would slump.upon me]t1ng'
results of those.calculations showed:that . sTump1ng'o the: me
blockages would not result in recriticality. - There he
of the blockage is not expected to -have a s1gn1f1can¥ effec

The conc]us1on reached in ANL/RAS 74~ 8 was based upon
and analysis of the TREAT tests at-that: t1me (197 SR - since
then further analysis has shown that the TREAT test ‘would produce $
more bTockage and Tess sweepout tha J
and CRBR reactor env1ro’ ent Th1

transient because fue] mot1on has Ho 1nf1uence on: the TﬁEAquower
In addition, compar1sons of the hydraulic systems. have shown that. a
pressure surge in the core reg1on w1TT cause a tota] fTow revers

that the TREAT tests w1]1 produce Tess sweepout than wou]d occur
a subassembly dur1ng a similar transient in the FFTF or<CRBR: reactor
As addressed in Section 3.2.7 of Reference 15, PSAR-Section: 1. 6,.-
exper1menta1 ver1f1cat1on of this. conc]us1on 15 be1ng pursued '

Amend 60
Feb 1981
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Question 001.446 (F6.2.3.2.7)

‘ i Descrlbe and- discuss in sufficient detaﬂ ‘the "overpower type experments"
o referred to 1n ]1ne 6 of page F6.2- 21 L o

- Response ‘

The paragraph in wh1ch the sentence addressed in. th1s questlon occurs was :
taken from the paper,_”Current Status and. Exper1menta1 Basis of. the SAS: LMFBR
Acc1dent Ana]ys1s Code," Proc. Am. Nuc. Soc. Fast Reactor. Safety: Meet1ng,:,;. -
'-B erly: H1]]s, Calif., CONF: 740401 -P3, pp 1303- 1322.(1974), by M. .G.. Stevenson,
et-al. . The: “overpower ‘type exper1ments" referred to this: paragraph are..
descr1bed ‘in.the report, "Molten Fuel Movement in Transient Overpower Tests of
Irradiated Oxide Fuel," GEAP-13543 (1969); by T. Hikido and J. H. Field. Based
on this report, a summary descr1pt1on of these experiments, which comprised
the GE Series V tests, is presented in the paragraphs that follow. )

This test series involved two 24-inch-active- fue] 1ength 0.250-inch o.d.

oxide fuel specimens (des1gnated C5A and C5B) which were irradiated: under
steady-state conditions in the General Electric Test Reactor (GETR) fac111ty

-to burnup goal exposures of 20,000 Midd/Te. Steady-state peak power for both
specimens was ~12 kW/ft for four GETR ¢ycles. The two specimens were identical;
except, the 15-inch-length upper blanket of C5A was composed of solid pellets
while the C5B blanket had annular (0.070- 1nch i.d.) pe]]ets to provide a
potential flow path for molten fuel.

_ The capsules were non- destruct1ve1y examined to ascertain capsule
aada ,x\xjntegr1ty and then remotely reencapsulated for transient irradiation in-the
} - 7 NJREAT facility. Peak specimen power during the transient was equivalent to
Fam 160 kW/ft for C5A and 155 kW/ft for C5B. Total spec1men transient energy-was
7§ %338 cal/gm for C5A and 339 cal/gm for C5B, resulting in a molten fuel vo]ume
of ~35% for. both specimens.

Specimen C5A experienced failure during the transient with extentive

fuel movement into the coolant annulus, primarily in the upward direction .
with some fuel =3 inches above the fuel and blanket interface. The cladding
~melted in several areas with pin separation occurring near the erl midplane. -

Specimen CSB however, survwved the comparab]e transient exposure with

no evidence of cladding failure. There was extensive upward movement (=10

inches, measured from the fuel and blanket interface) of molten fuel into

the- annu]ar blanket. A central void was formed (no central void evident after

steady-state irradiation), continuous with several fuel "plugs" in the upper

portion of the fuel column and intermittent in the lower portion. Molten

fuel forced a separation between the uppermost fuel pellet and the blanket and

filled the resulting void, coming in contact with the c]add1ng with no adverse
_ effects other than localized deformatlon

- Hikido and Field conclude. that fission gases released as a result of fuel
me1t1ng dur1ng transient overpower conditions contributed substantially to
the dr1v1ng force for relocation and dispersion. of fuel.

0001.446-1 = Amend.}20'
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